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& (57) Abstract: In certain embodiments, this present disclosure provides compositions and methods for detecting EphB4 gene am-

plification in test cells. In certain embodiments, the present disclosure provides methods and compositions for evaluating tumor

O (cancer) status and prognosis in a subject having or suspected of having a tumor.
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COMPOSITIONS AND METHODS FOR DETECTING AND TREATING TUMORS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No. 60/612,861,
filed September 23, 2004. The entire teachings of the referenced Application are

incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

Cancers are a significant cause of mortality in.the adult American population.
However, in many instances early stage cancers are treatable.by surgical removal
(resection). Surgical treatment can be combined with chemotherapeutic agents to achieve an
even higher survival rate in certain cancers. In most cancers, survival rate drops

precipitously in patients with metastatic (late stage) colon cancer.

Effective screening and early identification of affected patients coupled with
appropriate therapeutic intervention is proven to reduce the number of mortalities in, for
example, colon cancer. Additionally, diagnostic tests to monitor treatments and cancer
progression are highly useful in developing therapeutic plans and adapting such plans to the

status of the patient.

Modern molecular biology has made it possible to identify proteins and nucleic acids
that are specifically associated with certain physiological states. These molecular markers
have revolutionized diagnostics for a variety of health conditions ranging from pregnancy to

viral infections, such as HIV.

It is a goal of the present disclosure to provide agents and methods for tumor

detection and tumor treatment.

SUMMARY OF THE INVENTION

In certain aspects, the disclosure relates to the discovery that indicators of
heightened EphB4 activity are associated with cancerous states, and particularly with
metastatic cancer. Such indicators include EphB4 mRNA and protein levels. Surprisingly,
the EphB4 gene is amplified in many cancers, and particularly in metastatic cancers. EphB4
amplification shows correlation with EphB4 protein levels. Accordingly, EphB4 gene

amplification (e.g., copy number) may also be used to detect and evaluate cancerous states.
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In certain aspects, the disclosure provides methods for identifying a tumor that is
suitable for treatment with an inhibitor of EphB4 expression or function. Such methods may
include detecting in the tumor a cell having one or more of the following characteristics: (a)
abnormally high expression of EphB4 protein; (b) abnormally high expression of EphB4
mRNA; and (c) gene amplification of the EphB4 gene. A tumor comprising cells having
one or more of characteristics (a)-(c) is likely to be sensitive to treatment with an inhibitor
of EphB4 expression or function. It should be noted that tumors that do not directly express
EphB4 may also be sensitive to treatments targeted at these proteins, as these proteins are
known to be expressed in the vascular endothelium and to participate in the formation of
new capillaries that service growing tumors. An inhibitor of EphB4 expression or fﬁnction
may be, for example, (i) an EphB4-selective compound (e.g., a nucleic acid compound that
hybridizes to an EphB4 transcript under physiological conditions and decreases the

expression of EphB4 in a cell, or a polypeptide that inhibits a cellular function of EphB4).

In certain aspects, the disclosure provides methods for evaluating gene amplification
of the EphB4 gene in a test cell. Such methods may comprise detecting the EphB4 gene
copy number in a test cell, wherein an increase in the EphB4 gene copy number in the test
cell relative to that in a control cell is indicative of gene amplification of the EphB4 gene in
the test cell. The EphB4 gene copy number can be detected by hybridization-based assays
(e.g., Southern blot, in situ hybridization (ISH), and comparative genomic hybridization
(CGH)), or by amplification-based assays (e.g., quantative PCR). Optionally, the EphB4
gene copy number is detected by using a microarray-based platform. Preferably, test cells in
these methods are mammalian cells such as human cells. In certain cases, the test cell is a
tumor cell which includes, but is not limited to, a squamous cell carcinoma of the head and
neck (HNSCC), a prostate tumor cell, a breast tumor cell, a colorectal carcinoma cell, a lung
tumor cell, a bladder tumor cell, and a brain tumor cell. Tes‘t cells may be obtained from a
subject suspected of having a tumor, or a subject that is known to have a tumor. In the latter
case, a test cell can be obtained from a tumor tissue, a primary tumor, or a tissue that is
suspected of harboring metastatic cells derived from the primary tumor. As a specific
example, a test cell is obtained from lymph nodes or bone marrow. As another specific
example, a test cell is obtained from (present in) a bodily fluid selected from the group
consisting of blood, serum, plasma, a blood-derived fraction, lymph fluid, pleural fluid,

stool, urine, and a colonic effluent. In a specific embodiment, a test cell is present in a pool
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of test cells. Thus, the methods can be used for identifying or screening for gene

amplification of EphB4 in multiple test cells.

In certain aspects, the disclosure provides methods for evaluating the cancer status of
a cell in a subject. Such methods comprise: (a) obtaining a test cell from a subject suspected
of having or known to have a tumor; (b) detecting the EphB4 gene copy number in the test
cell, wherein an increase in the EphB4 gene copy number in the test cell relative to that ina
control cell indicates that the test cell is a tumor cell. The EphB4 gene copy number can be
detected by hybridization-based assays (e.g., Southern blot, in situ hybridization (ISH), and
comparative genomic hybridization (CGH)), or by amplification-based assays (e.g.,
quantative PCR). Optionally, the EphB4 gene copy number is detected by using a
microarray-based platform. Preferably, test cells in these methods are mammalian cells
such as human cells. In certain cases, the test cell is a tumor cell which includes, but is not
limited to, a squamous cell carcinoma of the head and neck (HNSCC), a prostate tumor cell,
a breast tumor cell, a colorectal carcinoma cell, a lung tumor cell, a bladder tumor cell, and a
brain tumor cell. To illustrate, test cells can be obtained from a tumor tissue, a primary
tumor, or a tissue that is suspected of harboring metastatic cells derived from the primary
tumor. As a specific example, a test cell is obtained from lymph nodes or bone marrow. As
another specific example, a test cell is obtained from or present in a bodily fluid selected
from the group consisting of blood, serum, plasma, a blood-derived fraction, lymph fluid,
pleural fluid, stool, urine, and a colonic effluent. In a specific embodiment, a test cell is
present in a pool of test cells. Thus, the methods can be used for evaluating the cancer

status of multiple cells in one or more subjects.

In certain aspects, the disclosure provides methods for evaluating the prognosis of a
subject, comprising: (2) obtaining a test cell from a subject suspected of having or known to
have a tumor; (b) detecting an indicator of elevated EphB4 activity in the test cell, wherein
an increase in the indicator of EphB4 activity in the test cell relative to that in a control cell
indicates that the subject is at increased risk for having or developing a metastatic cancer.
As used herein, the indicator of EphB4 activity includes EphB4 mRNA, EphB4 protein, and
EphB4 gene copy number. In a specific embodiment, the EphB4 mRNA can be detected by
a hybridization-based assay using an EphB4 nucleotide probe or by an amplification-based
assay using an EphB4 nucleotide primer. Optionally, the nucleotide probe or primer used in
the methods is labeled. In another specific embodiment, the EphB4 protein can be detected

by an immuno-assay using an EphB4 antibody, including but is not limited to, EphB4
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antibody No. 1, 23, 35, 47, 57, 79, 85L, 85H, 91, 98, 121, 131, or 138. Optionally, the
antibody used in the methods is labeled. In yet another specific embodiment, the EphB4
gene copy number can be detected by hybridization-based assays or by amplification-based
assays. In certain cases, the indicator of EphB4 is detected by using a microarray-based
platform. In certain embodiments, the increase of the indicator of EphB4 in the test cell is at
least three fold relative to that in a control cell. Preferably, test cells in these methods are
mammalian cells such as human cells. In certain cases, the test cell is a tumor cell which
includes, but is not limited to, a squamous cell carcinoma of the head and neck (HNSCC), a
prostate tumor cell, a breast tumor cell, a colorectal carcinoma cell, a lung tumor cell, a
bladder tumor cell, and a brain tumor cell. To illustrate, test cells can be obtained from a
tumor tissue (e.g., a primary tumor), or a tissue that is suspected of harboring metastatic
cells derived from the primary tumor. As a specific example, a test cell is obtained from
lymph nodes or bone marrow. As another specific example, a test cell is obtained from or
present in a bodily fluid selected from the group consisting of blood, serum, plasma, a
blood-derived fraction, lymph fluid, pleural fluid, stool, urine, and a colonic effluent. Ina
specific embodiment, a test cell is present in a pool of test cells. Thus, the methods can be

used for evaluating the prognosis of more than two subjects.

In certain aspects, the disclosure provides methods for treating a patient suffering
from a cancer, comprising: (a) identifying in the patient a tumor having a plurality of cancer
cells having a gene amplification of the EphB4 gene; and (b) administering to the patient an
EphB4-selective therapeutic compound (e.g., a nucleic acid compound that hybridizes to an
EphB4 transcript under physiological conditions and decreases the expression of EphB4 in a
cell, or a polypeptide that inhibits a cellular function of EphB4). Such methods may
include, as a diagnostic part, identifying in the patient a tumor having a plurality of cancer
cells having gene amplification of the EphB4. Gene amplifications may be detected in a
variety of ways, including hybridization-based assays (e.g., in situ hybridization) and

amplification-based assays (e.g., quantative PCR).

In certain aspects, the disclosure provides kits for detecting gene amplification of the
EphB4 gene in a test cell. Such kits may comprise: (a) one or more nucleic acid capable of
hybridizing to the EphB4 gene under high stringency conditions; and (b) a control nucleic
acid comprising human genomic DNA having one copy of EphB4 at the normal position.
For example, the nucleic acids of the kit may be used in hybridization-based assays as

probes or in amplification-based assays as primers.
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In certain aspects, the disclosure provides kits for detecting gene amplification of the
EphB4 gene in a test cell. Such kits may comprise: (a) one or more nucleic acid capable of
hybridizing to the EphB4 gene under high stringency conditions; and (b) at least one control
cell line that exhibits a mean of about two copies of EphB4 gene. Optionally, the kits may
further comprise at least one control cell line that exhibits a mean of about four copies of

EphB4 gene.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows amino acid sequence of the B4ECv3 protein (predicted sequence of

the precursor including uncleaved Eph B4 leader peptide is shown).

Figure 2 shows amino acid sequence of the BAECV3NT protein (predicted sequence

of the precursor including uncleaved Eph B4 leader peptide is shown).

Figure 3 shows amino acid sequence of the B2EC protein (predicted sequence of the

precursor including uncleaved Ephrin B2 leader peptide is shown).

Figure 4 shows amino acid sequence of the B4ECv3-FC protein (predicted sequence

of the precursor including uncleaved Eph B4 leader peptide is shown).

Figure 5 shows amino acid sequence of the B2ZEC-FC protein (predicted sequence of

the precursor including uncleaved Ephrin B2 leader peptide is shown).

Figure 6 shows the domain structure of the recombinant soluble EphB4EC proteins.
Designation of the domains are as follows: L - leader peptide, G — globular (ligand-binding
domain), C — Cys-rich domain, F1, F2 — fibronectin type III repeats, H — 6 x His-tag.

Figure 7 shows EphB4 expression and gene amplification in HNSCC primary tissues
and metastases. A) Top: Immunohistochemistry of a representative archival section stained
with EphB4 monoclonal antibody as described in the methods and visualized with DAB
(brown color) localized to tumor cells. Bottom: Hematoxylin and Eosin (H&E) stain of an
adjacent section. Dense purple staining indicates the presence of tumor cells. The right
hand column are frozen sections of lymph node metastasis stained with EphB4 polyclonal
antibody (top right) and visualized with DAB. Control (middle) was incubation with goat
serum and H&E (bottom) reveals the location of the metastatic foci surrounded by stroma
which does not stain. B) In situ hybridization of serial frozen sections of a HNSCC case
probed with EphB4 (left column) and ephrin B2 (right column) DIG labeled antisense or

sense probes generated by run-off transcription. Hybridization signal (dark blue) was
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detected using alkaline-phosphatase-conjugated anti-DIG antibodies and sections were

* counterstained with Nuclear Fast Red. A serial section stained with H&E is shown (bottom

left) to illustrate tumor architecture. C) Western blot of protein extract of patient samples
consisting of tumor (T), uninvolved normal tissue (N) and lymph node biopsies (LN).
Samples were fractionated by polyacrylamide gel electrophoresis in 4-20% Tris-glycine gels
and subsequently electroblotted onto nylon membranes. Membranes were sequentially
probed with EphB4 monoclonal antibody and B-actin MoAb. Chemiluminescent signal was
detected on autoradiography film. Shown is the EphB4 specific band which migrated at 120
kD and B-actin which migrated at 40 kD. The (-actin signal was used to control for loading
and transfer of each sample. D) Survey of EphB4 gene amplification in the HNSCC

primary tissues and metastases, as indicated by the increase in EphB4 gene copy number.

Figure 8 shows EphB4 expression and gene amplification in HNSCC cell lines. A)
Survey of EphB4 expression in SCC cell lines. Western blot of total cell lysates
sequentially probed with EphB4 monoclonal antibody, stripped and reprobed with B-actin
monoclonal antibody as described for Fig. 7C. B) Survey of EphB4 gene amplification in

some of the SCC cell lines, as indicated by the increase in EphB4 gene copy number.

Figure 9 shows expression of EphB4 in prostate cell lines. A) Western blot of total
cell lysates of various prostate cancer cell lines, normal prostate gland derived cell line
(MLC) and acute myeloblastic lymphoma cells (AML) probed with EphB4 monoclonal
antibody. B) Phosphorylation of EphB4 in PC-3 cells determined by Western blot.

Figure 10 shows expression of EphB4 in prostate cancer tissue. Representative
prostate cancer frozen section stained with EphB4 monoclonal antibody (top left) or isotype
specific control (bottom left). Adjacent BPH tissue stained with EphB4 monoclonal
antibody (top right). Positive signal is brown color in the tumor cells. Stroma and the
normal epithelia are negative. Note membrane localization of stain in the tumor tissue,
consistent with trans-membrane localization of EphB4. Representative QRT-PCR of RNA

extracted from cancer specimens and adjacent BPH tissues (lower right).

Figure 11 shows that EphB4 and EphrinB2 are expressed in mesothelioma cell lines

as shown by RT-PCR (A) and Western Blot (B).

Figure 12 shows expression of ephrin B2 and EphB4 by in situ hybridization in

mesothelioma cells. NCI H28 mesothelioma cell lines cultured in chamber slides hybridized
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with antisense probe to ephrin B2 or EphB4 (top row). Control for each hybridization was

sense (bottom row). Positive reaction is dark blue cytoplasmic stain.

Figure 13 shows cellular expression of EphB4 and ephrin B2 in mesothelioma
cultures. Immunofluorescence staining of primary cell isolate derived from pleural effusion
of a patient with malignant mesothelioma and cell lines NCI H28, NCI H2373, and NCI
H2052 for ephrin B2 and EphB4. Green color is positive signal for FITC labeled secondary

antibody. Specificity of immunofluorescence staining was demonstrated by lack of signal

~ with no primary antibody (first row). Cell nuclei were counterstained with DAPI (blue

color) to reveal location of all cells. Shown are merged images of DAPI and FITC

fluorescence. Original magnification 200X.

Figure 14 shows expression of ephrin B2 and EphB4 in mesothelioma tumor.
Immunohistochemistry of malignant mesothelioma biopsy. H&E stained section to reveals
tumor architecture; bottom left panel is background control with no primary antibody.

EphB4 and ephrin B2 specific staining is brown color. Original magnification 200X.

Figure 15 shows that Ephrin B2, but not EphB4 is expressed in KS biopsy tissue.
(A) In situ hybridization with antisense probes for ephrin B2 and EphB4 with corresponding
H&E stained section to show tumor architecture. Dark blue color in the ISH indicates
positive reaction for ephrin B2. No signal for EphB4 was detected in the Kaposi’s sarcoma
biopsy. For contrast, ISH signal for EphB4 is strong in squamous cell carcinoma tumor
cells. Ephrin B2 was also detected in KS using EphB4-AP fusion protein (bottom left). (B)
Detection of ephrin B2 with EphB4/Fc fusion protein. Adjacent sections were stained with
H&E (left) to show tumor architecture, black rectangle indicates the area shown in the
EphB4/Fc treated section (middle) detected with FITC-labeled anti-human Fc antibody as
described in the methods section. As a control an adjacent section was treated with human
Fc fragment (right). Specific signal arising from EphB4/Fc binding to the section is seen
only in areas of tumor cells. (C) Co-expression of ephrin B2 and the HHV8 latency protein
LANA1. Double-label confocal immunofluorescence microscopy with antibodies to ephrin
B2 (red) LANALI (green), or EphB4 (red) of frozen KS biopsy material directly
demonstrates co-expression of LANA1 and ephrin B2 in KS biopsy. Coexpression is seen
as yellow color. Double label confocal image of biopsy with antibodies to PECAM-1
(green) in cells with nuclear propidium iodide stain (red), demonstrating the vascular nature

of the tumor.
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Figure 16 shows that HHV-8 induces arterial marker expression in Kaposi’s sarcoma
cells. (A) Western blot for ephrin B2 on various cell lysates. SLK-vGPCR is a stable clone
of SLK expressing the HHV-8 vGPCR, and SLK-pCEFL is control stable clone transfected
with empty expression vector. SLK cells transfected with LANA or LANAA440 are SLK-
LANA and SLK-A440 respectively. Quantity of protein loading and transfer was
determined by reprobing the membranes with 8-actin monoclonal antibody. (B) Transient
transfection of KS-SLK cells with expression vector pyGPCR-CEFL resulted in the
expression of ephrin B2 as shown by immunofluorescence staining with FITC (green),
whereas the control vector pCEFL had no effect. KS-SLK cells (0.8 x 10%/well) were
transfected with 0.8 ug DNA using Lipofectamine 2000. 24 hr later cells were fixed and
stained with ephrin B2 polyclonal antibody and FITC conjugated secondary antibody. (C)
Transient transfection of HUVEC with vGPCR induces transcription from ephrin B2
luciferase constructs. 8 x 10° HUVEC in 24 well plates were transfected using Superfect
with 0.8 ug/well ephrin B2 promoter constructs containing sequences from -2941 to -11
with respect to the translation start site, or two 5’-deletions as indicated, together with 80
ng/well pCEFL or pvGPCR-CEFL. Luciferase was determined 48 h post transfection and
induction ratios are shown to the right of the graph. pGL3Basic is promoterless luciferase
control vector. Luciferase was normalized to protein since GPCR induced expression of the
cotransfected 8-galactosidase. Graphed is mean + SEM of 6 replicates. Shown is one of

three similar experiments.

Figure 17 shows expression of EphB4 in bladder cancer cell lines (A), and regulation

of EphB4 expression by EGFR signaling pathway (B).
Figure 18 shows a genomic nucleotide sequence of human EphB4.
Figure 19 shows a cDNA nucleotide sequence of human EphB4.
Figure 20 shows a genomic nucleotide sequence of human Ephrin B2.
Figure 21 shows a cDNA nucleotide sequence of human Ephrin B2.
Figure 22 shows an amino acid sequence of human EphB4.
Figure 23 shows an amino acid sequence of human Ephrin B2.

Figure 24 shows examples of EphB4 antibodies and epitope mapping of these
antibodies. The topology of the EphB4 extracellular domain is shown, including a globular
domain (G), a cystein-rich domain (C), and two fibronectin type 3 domains (F1 and F2).

-8-
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DETAILED DESCRIPTION OF THE INVENTION
I Overview

The current disclosure is based in part on the discovery that signaling through the
Ephrin B2/EphB4 ligand/receptor pathway contributes to tumorigenesis. Applicants
detected expression or elevated expression of Ephrin B2 or EphB4 in tumor tissues and
developed anti-tumor therapeutic agents for blocking either expression or activity of Ephrin
B2 or EphB4. In addition, Applicants found that EphB4 gene is amplified in some tumors,
for example, squamous cell carcinoma of the head and neck (HNSCC), prostate cancer,
breast cancer, colorectal carcinoma, lung cancer, bladder cancer, and brain cancer.
Accordingly, in certain aspects, the disclosure provides detection methods and diagnostic

methods that comprise assessing gene amplification of EphB4 in a test cell sample.

Further, the disclosure contemplates gene amplification of Ephrin B2 in tumors, and
thus provides detection methods and diagnostic methods that comprise assessing gene
amplification of Ephrin B2 in a test cell sample. For ease of reading, the discussion below
will mostly refer to methods and compositions directed to EphB4. However, one of
ordinary skill in the art will readily recognize that similar methods and compositions can be

derived using Ephrin B2.

The work described herein, particularly in the examples, refers to Ephrin B2 and
EphB4. However, the present invention contemplates any ephrin ligand and/or Eph receptor
within their respective family, which is expressed in a tumor. The ephrins (ligands) are of
two structural types, which can be further subdivided on the basis of sequence relationships
and, functionally, on the basis of the preferential binding they exhibit for two corresponding
receptor subgroups. Structurally, there are two types of ephrins: those which are membrane-
anchored by a glycerophosphatidylinositol (GPI) linkage and those anchored through a
transmembrane domain. Conventionally, the ligands are divided into the Ephrin-A subclass,
which are GPI-linked proteins which bind preferentially to EphA receptors, and the Ephrin-
B subclass, which are transmembrane proteins which generally bind preferentially to EphB

receptors.

The Eph family receptors are a family of receptor protein-tyrosine kinases which are
related to Eph, a receptor named for its expression in an erythropoietin-producing human
hepatocellular carcinoma cell line. They are divided into two subgroups on the basis of the

relatedness of their extracellular domain sequences and their ability to bind preferentially to

-9.
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Ephrin-A proteins or Ephrin-B proteins. Receptors which interact preferentially with
Ephrin-A proteins are EphA receptors and those which interact preferentially with Ephrin-B

proteins are EphB receptors.

EphB4 is specific for the membrane-bound ligand Ephrin B2 (Sakano, S. et al 1996;
Brambilla R. et al 1995). Ephrin B2 belongs to the class of Eph ligands that have a
transmembrane domain and cytoplasmic region with five conserved tyrosine residues and
PDZ domain. Eph receptors are activated by binding of clustered, membrane attached
ephrins (Davis S et al, 1994), indicating that contact between cells expressing the receptors
and cells expressing the ligands is required for Eph activation. Upon ligand binding, an Eph
receptor dimerizes and autophosphorylate the juxtamembrane tyrosine residues to acquire
full activation (Kalo MS et al, 1999, Binns KS, 2000). In addition to forward signaling
through the Eph receptor, reverse signaling can occur through the ephrin Bs. Eph
engagement of ephrins results in rapid phosphorylation of the conserved intracellular
tyrosines (Bruckner K, 1997) and somewhat slower recruitment of PDZ binding proteins
(Palmer A 2002). Recently, several studies have shown that high expression of Eph/ephrins
may be associated with increased potentials for tumor growth, tumorigenicity, and
metastasis (Easty DJ, 1999; Kiyokawa E, 1994; Tang XX, 1999; Vogt T, 1998; Liu W,
2002; Stephenson SA, 2001; Steube KG 1999; Berclaz G, 1996).

One aspect of the present disclosure provides detection methods for evaluating status
of a tumor or tumor prognosis, wherein the tumor expresses Ephrin B2 and/or EphB4. Such

methods comprise assessing gene amplification of Ephrin B2 or EphB4 in a test cell sample.

Another aspect of the present disclosure provides therapeutic methods for reducing
the growth rate of a tumor expressing Ephrin B2 and/or EphB4. Such methods comprise
administering an amount of a therapeutic agent that inhibits expression or activity of Ephrin

B2, EphB4, or both.
II. Detection Reagents and Methods

In certain embodiments, the present invention is based at least in part on Applicants’
discovery that EphB4 gene is amplified in some tumors, for example, squamous cell
carcinoma of the head and neck (HNSCC), prostate cancer, breast cancer, colorectal
carcinoma, lung cancer, bladder cancer, and brain cancer. In addition, expression of EphB4
was found to be correspondingly elevated in those tumors with the EphB4 gene

amplification. Thus, EphB4 gene amplification can be diagnostic of neoplasia or the
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potential therefor. Alternatively, detecting the elevated expression of human EphB4-
encoded products (e.g., mRNAs and proteins) is also diagnostic of neoplasia or the potential
for neoplastic transformation. It is further contemplated that other genetic alterations
leading to elevated EphB4 expression may also be involved in tumorigenesis, such as

mutations in regulatory regions of the EphB4 gene.

In certain aspects, the present invention provides the methods for evaluating
(assessing or measuring) tumor status, tumor prognosis, and survivability in a subject
(individual or patient), which comprise detection of an indicator of EphB4 activity. As used
herein, the indicator of EphB4 activity includes EphB4 gene copy number, EphB4 mRNA,
and EphB4 protein. EphB4 mRNA and EphB4 protein are also referred to herein as gene
expression products of EphB4.

In certain specific embodiments, the present invention provides methods of detecting
EphB4 gene amplification. Detection of gene amplification can be evaluated by
determining the copy number of a target gene. Generally, a normal diploid cell has two
copies of a given autosomal gene. The copy number can be increased, however, by gene
amplification or duplication, for example, in cancer cells. Methods of evaluating the copy
number of a particular gene are well known in the art, and include, inter alia, hybridization

based and amplification based assays.

For example, a number of hybridization based assays can be used to detect the copy
number of a target gene in the cells of a biological sample. One such method is Southern
blot (see Ausubel et al., or Sambrook et al.), where the genomic DNA is typically
fragmented, separated electrophoretically, transferred to a membrane, and subsequently
hybridized to a specific probe. Comparison of the intensity of the hybridization signal from
a test cell sample with a signal from a control cell comprising normal non-amplified
genomic DNA can provide an estimate of the relative EphB4 gene copy number. An

increased signal compared to a control represents the presence of gene amplification.

Another methodology for determining the copy number of a gene in a sample is in
situ hybridization, for example, fluorescence in situ hybridization (FISH) (see Angerer,
1987 Meth. Enzymol., 152: 649). Generally, in situ hybridization comprises the following
major steps: (1) fixation of tissue or biological structure to be analyzed; (2) prehybridization
treatment of the biological structure to increase accessibility of target DNA, and to reduce

nonspecific binding; (3) hybridization of the mixture of nucleic acids to the nucleic acid in
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the biological structure or tissue; (4) post-hybridization washes to remove nucleic acid
fragments not bound in the hybridization, and (5) detection of the hybridized nucleic acid
fragments. The probes used in such applications are typically labeled, for example, with
radioisotopes or fluorescent reporters. Preferred probes are sufficiently long, for example,
from about 50, 100, or 200 nucleotides to about 1000 or more nucleotides, to enable specific

hybridization with the target nucleic acid(s) under stringent conditions.

Another alternative methodology for determining the number of gene copies is
comparative genomic hybridization (CGH). In comparative genomic hybridization
methods, a “test” collection of nucleic acids is labeled with a first label, while a second
collection (for example, from a normal cell or tissue) is labeled with a second label. The
ratio of hybridization of the nucleic acids is determined by the ratio of the first and second
labels binding to each fiber in an array. Difference in the ratio of the signals from the two
labels (e.g., due to gene amplification in the test collection) is detected and the ratio
provides a measure of the EphB4 gene copy number. A cytogenetic representation of gene
copy number variation can be generated by CGH, which provides fluorescence ratios along

the length of chromosomes from differentially labeled test and reference genomic DNAs.

Hybridization protocols suitable for use with the methods of the invention are
described, for example, in Albertson (1984) EMBO J. 3:1227-1234; Pinkel (1988) Proc.
Natl. Acad. Sci. USA, 85:9138-9142; EPO Pub. No. 430:402; Methods in Molecular
Biology, Vol. 33: In Situ Hybridization Protocols, Choo, ed., Humana Press, Totowa, N.J.
(1994).

Alternatively, amplification-based assays can also be used to measure the copy
number of a target gene (e.g., EphB4). In such assays, a target nucleic acid sequence acts as
a template in an amplification reaction (for example, Polymerase Chain Reaction or PCR).
In a quantitative amplification, the amount of amplification product will be proportional to
the amount of template in the original sample. Comparison to appropriate controls provides
a measure of the copy number of the gene, according to the principles discussed above.
Methods of real-time quantitative PCR using TagMan probes are well known in the art.
Detailed protocols for real-time quantitative PCR are provided, for example, for RNA in:
Gibson et al., 1996, A novel method for real time quantitative RT-PCR. Genome Res.,
10:995-1001; and for DNA in: Heid et al., 1996, Real time quantitative PCR. Genome Res.,
10:986-994. A TagMan-based assay can also be used to quantify EphB4 gene copy number.
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TaqMan based assays use a fluorogenic oligonucleotide probe that contains a 5’ fluorescent
dye and a 3’ quenching agent. The probe hybridizes to a PCR product, but cannot itself be
extended due to a blocking agent at the 3’ end. When the PCR product is amplified in
subsequent cycles, the 5' nuclease activity of the polymerase (e.g., AmpliTag) results in the
cleavage of the TagMan probe. This cleavage separates the 5’ fluorescent dye and the 3’
quenching agent, thereby resulting in an increase in fluorescence as a function of

amplification (see, for example, http://www2.perkin-elmer.com).

Examples of preferred primers for use in quantitative amplification reactions for

determining EphB4 gene copy number are provided below:
EphB4-forward: 5°-TCC TGC AAG GAG ACC TTC AC-3’
EphB4-reverse: 5’-CAG AGG CCT CGC AAC TAC AT-3’
Predicted size of PCR product: 195 bp

These primers are preferably empioyed with a set of control primers directed to a

gene that is not expected to have increased copy number, such as below:
GAPDH-forward: 5°-GAG GGG TGA TGT GGG GAG TA-3’
GAPDH-reverse: 5’-GAG CTT CCC GTT CAG CTC AG-¥’
Predicted size: 206 bp
Annealing temperature for both sets of primers: 64 °C.

Other suitable amplification based methods include, but are not limited to, ligase
chain reaction (LCR) (see, Wu and Wallace, Genomics, 4: 560, 1989; Landegren et al.,
Science, 241: 1077, 1988; and Barringer et al., Gene, 89:117, 1990), transcription
amplification (Kwoh et al., Proc. Natl. Acad. Sci. USA, 86:1173, 1989), self-sustained
sequence replication (Guatelli et al., Proc Nat Acad Sci, USA 87:1874, 1990), dot PCR, and
linker adapter PCR, for example.

Another powerful method for determining gene copy numbers employs microarray-
based platforms. Microarray technology may be used because it offers high resolution. For
example, the traditional CGH generally has a 20 Mb limited mapping resolution; whereas in
microarray-based CGH, the fluorescence ratios of the differentially labeled test and
reference genomic DNAs provide a locus-by-locus measure of DNA copy-number Yariation,

thereby achieving increased mapping resolution. Details of various microarray methods can
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be found in the literature. See, for example, U.S. Pat. No. 6,232,068; Pollack et al., Nat.
Genet., 23(1):41-6, (1999), and others.

In other specific embodiments, the present invention relates to detection of gene
expression products (e.g., EphB4 mRNAs or proteins). mRNA transcription can be
measured by a variety of techniques, including Northern blotting (Thomas (1980) Proc.
Natl. Acad. Sci. USA 77:5201-5205), dot blots, and in situ hybridization. A variety of
methods for measuring expression of the gene product exist, including Western blotting and
immunohistochemical staining. Western blots are run by spreading a protein sample on a
gel, usually an SDS gel, blotting the gel with a cellulose nitrate filter, and probing the filters
with labeled antibodies. With immunohistochemical staining techniques, a cell sample is
prepared, typically by dehydration and fixation, followed by reaction with labeled antibodies
specific for the gene product coupled, where the labels are usually visually detectable, such
as enzymatic labels, fluorescent labels, luminescent labels, and the like. A particularly
sensitive staining technique suitable for use in the present invention is described by Hsu et

al. (1980) Am. J. Clin. Path. 75:734-738.

In certain aspects, an increased level of the indicator of EphB4 activity (e.g., gene
amplification) is directly related to the invasiveness of the tumor and the likelihood that the
tumor has metastasized or will metastasize. For example, patients who test positively for
EphB4 gene amplification are less likely to survive (poor prognosis) and will usually suffer
a shorter time to relapse after surgical removal of the tumor than patients without such gene
amplification. As another example, the patients displaying gene amplification may benefit
from aggressive treatment regimens after surgical removal of their tumors. Conversely,
patients who do not display gene amplification may be less likely to require such rigorous

treatment.

In certain aspects, the present invention is useful for screening a wide variety of
neoplastic diseases, including both solid tumors and hematopoietic cancers. Exemplary
neoplastic diseases include, but are not limited to, carcinomas such as adenocarcinomas and
melanomas; mesodermal tumors such as neuroblastomas and retinoblastomas; sarcomas
such as osteosarcomas, Ewing's sarcoma, and various leukemias; and lymphomas. Of
particular interest are carcinomas of the prostate, head and neck, breast, ovaries, colon and

rectum, lung, stomach, brain, and liver.
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According to one embodiment of the invention, a method of diagnosing a neoplastic
tissue in a human is provided. Test samples (e.g., tissues or bodily fluids) are isolated from
a human, and the copy number of human EphB4 gene is determined. Alternatively, levels
of human EphB4 gene expression products can be determined. These include protein and

mRNA.

Depending on the nature of the cancer (tumor), an appropriate patient sample is
obtained. For example, in the case of solid tumors, a tissue sample from the surgically
removed tumor will be obtained and prepared for testing by conventional techniques. In the
case of lymphomas and leukemias, lymphocytes, leukemic cells, or lymph tissues will be
obtained and appropriately prepared. In certain cases, test tissues or cells are obtained from
a tumor (e.g., the primary tumor) or a tissue suspected of being neoplastic. Normally, the
test tissues or cells are desirably separated from normal appearing tissue for analysis. This
can be done by paraffin or cryostat sectioning or flow cytometry, as is known in the art. In
other cases, test tissues or cells are obtained from a tissue that is suspected of having
metastatic cells derived from the primary tumor, such as a lymph node or a tissue that is
close to the primary tumor. Optionally, non-neoplastic tissue or any normal tissue can be
used to determine a baseline level of gene expression or gene copy number, against which

the amount of EphB4 gene expression or gene amplification can be compared.

In another specific embodiment, test samples such as bodily fluids will also find use
with particular tumors. For example, a bodily fluid can be assayed to detect the elevated
levels of the gene expression product or of gene amplification. Suitable body fluids include
blood, serum, plasma, a blood-derived fraction, lymph fluid, saliva, sputum, stool, urine, a
colonic effluent, breast exudate, and a wide variety of useful immunoassays are described in
the patent and scientific literature. See, for example, U.S. Pat. Nos. 3,791,932; 3,817,837,
3,839,153; 3,850,752; 3,850,578; 3,853,987, 3,867,517, 3,879,262; 3,901,654; 3,935,074,
3,984,533; 3,996,345; 4,034,074; and 4,098,876.

In certain specific embodiments, measurement of gene amplification will be
performed quantitatively so that the number of EphB4 gene copies can be estimated. Status
of the disease may correlate directly with the number of gene copies present in the tumor
cells. For example, patients displaying gene amplification (e.g., three copies of the EphB4
gene) are at a higher risk of relapse than patients not displaying gene amplification (e.g., two

copies of EphB4 gene). Moreover, as the number of EphB4 gene copies increases, the
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invasiveness and likelihood of metastasis also appears to increase. Optionally, the number
of EphB4 gene copies should be taken as an important factor in assessing the tumor status
along with the traditional factors, including lymph node status, estrogen receptor status,
progesterone receptor stafus, and the like. With all this information available, the treating
physician is best able to assess the tumor status and recommend the best treatment strategy

to benefit the patient.

Generally, the human EphB4 gene is considered to be amplified if the cell contains
more than the normal copy number (2) of this gene per genome. The various techniques for
detecting gene amplification are well known in the art. Gene amplification can be
determined, for example, by Southern blot analysis, wherein cellular DNA from a human
tissue is digested, separated, and transferred to a filter where it is hybridized with a probe
containing complementary nucleic acids. Alternatively, quantitative polymerase chain
reaction (PCR) employing primers can be used to determine gene amplification.
Appropriate primers will bind to sequences that bracket human EphB4 coding sequences.
Other techniques for determining gene copy number as are known in the art can be used

without limitation.

The gene product which is measured may be either mRNA or protein. The term
“clevated expression” means an increase in mRNA production or protein production over
that which is normally produced by non-cancerous cells. Although amplification has been
observed in human tumors, other genetic alterations leading to elevated expression of
EphB4 may be present in these or other tumors. Examples of tumors include, but are not
limited to, HNSCC, lung, breast, brain, colorectal, bladder, prostate, brain, liver, skin, and
stomach. Non-cancerous cells for use in determining baseline expression levels can be
obtained from cells surrounding a tumor, from other humans or from human cell lines. Any
increase can have diagnostic value, but generally the mRNA or protein expression will be
elevated at least about 2-fold, 3-fold, 5-fold, 10-fold, 20-fold, and in some cases up to about
50-fold over that found in non-cancerous cells. The techniques employed for detecting
mRNA or protein are well known and routine in the art. Increased production of mRNA or
protein may be detected, for example, using the techniques of Northern blot analysis or
Western blot analysis, respectively, or other known techniques such as ELISA,
immunoprecipitation, RIA and the like. All these techniques are well known to the skilled

artisan.
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According to another embodiment of the invention, nucleic acid probes or primers
for the determining of human EphB4 gene amplification or elevated expression of mRNA
are provided. The probe may comprise ribo- or deoxyribonucleic acids, and may contain the
entire human EphB4 coding nucleotide sequence, a sequence complementary thereto, or
fragments thereof. A probe may contain, for example, nucleotides as shown in Figures 18
and 19. Generally, probes or primers will contain at least about 14 contiguous nucleotides
of the human sequence but may desirably contain about 40, 50 or 100 nucleotides. Probes
are typically labelled with a fluorescent tag, a radioisotope, or the like to render them easily
detectable. Preferably the probes will hybridize under stringent hybridization conditions.
The probes of the invention are complementary to the human EphB4 gene. This means that
they share a high sequence identity (e.g., 95%, 98%, 99% or 100%) with the human EphB4

sequence.

EphB4 protein can be produced, according to the invention, substantially free of
other human proteins. Provided with the EphB4 DNA sequence, those of skill in the art can
express the cDNA in a non-human cell. Lysates of such cells provide proteins substantially
free of other human proteins. The lysates can be further purified, for example, by

immunoprecipitation, or by affinity chromatography.

The antibodies of the invention are specifically reactive with EphB4 protein.
Preferably, they do not cross-react with EphB4 from other species. They can be polyclonal
or monoclonal, and can be raised against a native EphB4, or an EphB4 fusion protein, or
synthetic peptide. The antibodies are specifically immunoreactive with EphB4 epitopes
which are not present on other human proteins. Optionally, some antibodies are reactive
with epitopes unique to human EphB4 and not present on the mouse homolog. The
antibodies are useful in conventional analyses, such as Western blot analysis, ELISA,
immunohistochemistry, and other immunological assays for the detection of proteins.
Techniques for raising and purifying polyclonal antibodies are well known in the art, as are
techniques for preparing monoclonal antibodies. Antibody binding can be determined by
methods known in the art, such as use of an enzyme-labelled secondary antibody,

staphylococcal protein A, and the like.

Kits are provided which contain the necessary reagents for determining gene copy
number, such as probes or primers specific for the EphB4 gene, as well as written

instructions. The instructions can provide calibration curves to compare with the
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determined values. Kits are also provided to determine elevated expression of mRNA (e.g.,
containing probes) or EphB4 protein (e.g., containing antibodies). Instructions will allow
one to determine whether the expression levels of EphB4 are elevated. Reaction vessels and
auxiliary reagents such as chromogens, buffers, and enzymes, may also be included in the

kits.
III. Therapeutic Agents

In certain embodiments, the present invention provides a therapeutic modality for
interfering with the expression or activity of EphB4 and/or Ephrin B2. The method can b‘e
applied in vivo, in vitro, or ex vivo, and will be particularly useful in cancers having one or
more indicators of elevated EphB4 activity. Therapeutic agents may include nucleic acids,
polypeptides, antibodies, and small molecule compounds. Examples of these therapeutic
agents have been described in U.S. Patent Application Nos. 10/800,077 and 10/800,350, and
in PCT Application Nos. US04/07491 and US04/07755.

For example, the present invention provides nucleic acid therapeutic agents which
can be single-, double-, or multiple-stranded, and can comprise modified or unmodified
nucleotides or non-nucleotides or various mixtures, and combinations thereof. Examples of
nucleic acid therapeutic agents include, but are not limited to, antisense nucleic acids,
dsRNA, siRNA, and enzymatic nucleic acid compounds (e.g., riozyme or DNA enzyme).
Optionally, the disclosure features one or more nucleic acid therapeutic agents that
independently or in combination modulate expression of the Ephrin B2 gene encoding an
Ephrin B2 protein (e.g., Genbank Accession No.: NP_004084) or the EphB4 receptor gene
which encodes an EphB4 protein (e.g., Genbank Accession No.: NP_004435).

In a specific embodiment, exemplary EphB4 antisense nucleic acids are provided in
Table 1 below, and exemplary EphB4 siRNAs are provided in Table 2 below. In another
specific embodiment, exemplary Ephrin B2 antisense nucleic acids are provided in Table 3

below, and exemplary Ephrin B2 siRNAs are provided in Table 2 below.

Table 1. Examples of EphB4 antisense probes

Name Sequence 5’'=> 3’ position Inhibition | Percent
of EphB4 reduction
Expression | in
viability
Eph B4 169 TCA GTA CTG CGG GGC CGG TCC (2944-2963) | ++ 36
Eph B4 168 TCC TGT CCC ACC CGG GGT TC (2924-2943) | ++ 51
Eph B4 167 CCG GCT TGG CCT GGG ACT TC (2904-2923) | +++ 66
Eph B4 166 ATG TGC TGG ACA CTG GCC AA (2884-2903) [ ++++ 70
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Eph B4 165 GAT TTT CTT CTG GTG TCC CG (2864-2883) | ++++ 75
Eph B4 164 CCA GAG TGA CTC CGA TTC GG (2844-2863) | ++ 40
Eph B4 163 AGC AGG TCC TCA GCA GAG AT (2824-2843) | ++++ 66
Eph B4 162 CTG GCT GAC CAG CTC GAA GG (2804-2823) 25
Eph B4 161 AGC CAA AGC CAG CGG CTG CG (2784-2803) | + 33
Eph B4 160 AAA CTT TCT TCG TAT CTT CC (2763-2783) | + 25
Eph B4 159 CAT TTT GAT GGC CCG AAG CC (2743-2762) | ++ 40
Eph B4 158 ACT CGC CCA CAG AGC CAA AA (2723-2742) 30
Eph B4 157 GCT GAG TAG TGA GGC TGC CG (2703-2722) | + 25
Eph B4 156 CTG GTC CAG GAG AGG GTG TG (2683-2702) | ++ 30
Eph B4 155 AGG CCC CGC CAT TCT CCC GG (2663-2682) 25
Eph B4 154 GCC ACG ATT TTG AGG CTG GC (2643-2662) | ++ 40
Eph B4 153 GGG GTT CCG GAT CAT CTT GT (2623-2642) | ++ 35
Eph B4 152 CCA GGG CGC TGA CCA CCT GG (2603-2622) | + 30
Eph B4 151 GGG AAG CGG GGC CGG GCA TT (2583-2602) | + 25
Eph B4 150 CCG GTC TTT CTG CCA ACA GT (2563-2582) | ++ 25
Eph B4 149 CCA GCA TGA GCT GGT GGA GG (2543-2562) | ++ 20
Eph B4 148 GAG GTG GGA CAG TCT GGG GG (2523-2542) | + 30
Eph B4 147 CGG GGG CAG CCG GTA GTC CT (2503-2522) | ++ 40
Eph B4 146 GTT CAA TGG CAT TGA TCA CG (2483-2502) | ++++ 70
Eph B4 145 TCC TGA TTG CTC ATG TCC CA (2463-2482) | ++++ 80
Eph B4 144 GTA CGG CCT CTC CCC AAA TG (2443-2462) | +++ 60
Eph B4 143 ACA TCA CCT CCC ACA TCA CA (2423-2442) | ++++ 80
Eph B4 142 ATC CCG TAA CTC CAG GCA TC (2403-2422) | ++ 40
Eph B4 141 ACT GGC GGA AGT GAA CTT CC (2383-2402) | +++ 50
Eph B4 140 GGA AGG CAA TGG CCT CCG GG (2363-2382) | ++ 45
Eph B4 139 GCA GTC CAT CGG ATG GGA AT (2343-2362) | ++++ 70
Eph B4 138 CTT TCC TCC CAG GGA GCT CG (2323-2342) | ++++ 70
Eph B4 137 TGT AGG TGG GAT CGG AAG AG (2303-2322) | ++ 40
Eph B4 136 TTC TCC TCC AGG AAT CGG GA (2283-2302) [ ++ 35
Eph B4 135 AAG GCC AAA GTC AGA CAC TT (2263-2282) | ++++ 60
Eph B4 134 GCA GAC GAG GTT GCT GTT GA (2243-2262) | ++ 50
Eph B4 133 CTA GGA TGT TGC GAG CAG CC (2223-2242) | ++ 40
Eph B4 132 AGG TCT CGG TGG ACG TAG CT (2203-2222) | ++ 40
Eph B4 131 CAT CTC GGC AAG GTA CCG CA (2183-2202) | +++ 50
Eph B4 130 TGC CCG AGG CGA TGC CCC GC (2163-2182) | ++ 50
Eph B4 129 AGC ATG CCC ACG AGC TGG AT (2143-2162) | ++ 50
Eph B4 128 GAC TGT GAA CTG TCC GTC GT (2123-2142) | ++ 50
Eph B4 127 TTA GCC GCA GGA AGG AGT CC (2103-2122) | +++ 60
Eph B4 126 AGG GCG CCG TTC TCC ATG AA (2083-2102) | ++ 50
Eph B4 125 CTC TGT GAG AAT CAT GAC GG (2063-2082) | ++++ 80
Eph B4 124 GCA TGC TGT TGG TGA CCA CG (2043-2062) | ++++ 70
Eph B4 123 CCC TCC AGG CGG ATG ATA TT (2023-2042) | ++ 50
Eph B4 122 GGG GTG CTC GAA CTG GCC CA (2003-2022) | ++++ 80
Eph B4 121 TGA TGG AGG CCT CGC TCA GA (1983-2002) | ++ 50
Eph B4 120 AAC TCA CGC CGC TGC CGC TC (1963-1982) | ++ 40
Eph B4 119 CGT GTA GCC ACC CTT CAG GG (1943-1962) | ++++ 75
Eph B4 118 TCT TGA TTG CCA CAC AGC TC (1923-1942) | ++++ 80
Eph B4 117 TCC TTC TTC CCT GGG GCC TT (1903-1922) | ++++ 70
Eph B4 116 GAG CCG CCC CCG GCA CAC CT (1883-1902) | ++ 50
Eph B4 115 CGC CAA ACT CAC CTG CAC CA (1863-1882) [ ++++ 60
Eph B4 114 ATC ACC TCT TCA ATC TTG AC {(1843-1862) | ++++ 65
Eph B4 113 GTA GGA GAC ATC GAT CTC TT (1823-1842) | ++++ 90
Eph B4 112 TTG CAA ATT CCC TCA CAG CC (1803-1822) | ++++ 70
Eph B4 111 TCA TTA GGG TCT TCA TAA GT (1783-1802) | ++++ 70
Eph B4 110 GAA GGG GTC GAT GTA GAC CT (1763-1782) | ++++ 80
Eph B4 109 TAG TAC CAT GTC CGA TGA GA (1743-1762) | ++ 50
Eph B4 108 TAC TGT CCG TGT TTG TCC GA (1723-1742) | ++ 45
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Eph B4 107 ATA TTC TGC TTC TCT CCC AT (1703-1722) | ++++ 70
Eph B4 106 TGC TCT GCT TCC TGA GGC AG (1683-1702) [ ++++ 70
Eph B4 105 AGA ACT GCG ACC ACA ATG AC (1663-1682) | ++ 40
Eph B4 104 CAC CAG GAC CAG GAC CAC AC (1643-1662) [ ++++ 70
Eph B4 103 CCA CGA CTG CCG TGC CCG CA (1623-1642) [ ++ 40
Eph B4 102 ATC AGG GCC AGC TGC TCC CG (1603-1622) | +++ 50
Eph B4 101 CCA GCC CTC GCT CTC ATC CA (1583-1602) | ++++ 80
Eph B4 100 GTT GGG TCT GGC TGT GAT GT (1563-1582) | ++++ 80
Eph B4 99 TCC TGG CCG AAG GGC CCG TA (1543-1562) [ ++ 35
Eph B4 98 GCC GGC CTC AGA GCG CGC CC (1523-1542) [ ++ 50
Eph B4 97 GTA CCT GCA CCA GGT AGC TG (1503-1522) | ++++ 80
Eph B4 96 GCT CCC CGC TTC AGC CCC CG (1483-1502) | ++ 50
Eph B4 95 CAG CTC TGC CCG GTT TTC TG (1463-1482) | ++ 50
Eph B4 94 ACG TCT TCA GGA ACC GCA CG (1443-1462) | ++++ 80
Eph B4 93 CTG CTG GGA CCC TCG GCG CC (1423-1442) | ++ 40
Eph B4 92 . CTT CTC ATG GTA TTT GAC CT (1403-1422) | ++++ 80
Eph B4 91 CGT AGT CCA GCA CAG CCC CA (1383-1402) | ++++ 85
Eph B4 90 CTG GGT GCC CGG GGA ACA GC (1363-1382) | +++ 50
Eph B4 89 CCA GGC CAG GCT CAA GCT GC (1343-1462) | ++++ 70
Eph B4 88 TGG GTG AGG ACC GCG TCA CC (1323-1342) | ++ 40
Eph B4 87 CGG ATG TCA GAC ACT GCA GG (1303-1322) [ ++++ 60
Eph B4 86 AGG TAC CTC TCG GTC AGT GG (1283-1302) | ++ 50
Eph B4 85 TGA CAT TGA CAG GCT CAA AT (1263-1282) | ++++ 80
Eph B4 84 GGG ACG GGC CCC GTG GCT AA (1243-1262) | ++ 50
Eph B4 83 GGA GGA TAC CCC GTT CAA TG (1223-1242) | +++ 60
Eph B4 82 CAG TGA CCT CAA AGG TAT AG (1203-1222) | ++++ 70
Eph B4 81 GTG AAG TCA GGA CGT AGC CC (1183-1202) | +++ 60
Eph B4 80 TCG AAC CAC CAC CCA GGG CT (1163-1182) [ +++ 50
Eph B4 79 CCA CCA GGT CCC GGG GGC CG (1143-1162) | ++ 40
Eph B4 78 GGG TCA AAA GTC AGG TCT CC (1123-1142) | ++++ 70
Eph B4 77 CCC GCA GGG CGC ACA GGA GC (1103-1122) | +++ 60
Eph B4 76 CTC CGG GTC GGC ACT CCC GG (1083-1102) [ +++ 60
Eph B4 75 CAG CGG AGG GCG TAG GTG AG (1063-1082) [ ++ 40
Eph B4 74 GTC CTC TCG GCC ACC AGA CT (1043-1062) [ ++ 50
Eph B4 73 CCA GGG GGG CAC TCC ATT CC (1023-1042) | ++ 50
Eph B4 72 AGG TGC AGG GAG GAG CCG TT (1003-1022) | ++++ 70
Eph B4 71 CAG GCG GGA AAC CAC GCT CC (983-1002) ++ 40
Eph B4 70 GCG GAG CCG AAG GAG GGG TG (963-982) +++ 50
Eph B4 69 GTG CAG GGT GCA CCC CGG GG (943-962) +++ 50
Eph B4 68 GTC TGT GCG TGC CCG GAA GT (923-942) ++ 40
Eph B4 67 ACC CGA CGC GGC ACT GGC AG (903-922) ++ 40
Eph B4 66 ACG GCT GAT CCA ATG GTG TT (883-902) ++ 50
Eph B4 65 AGA GTG GCT ATT GGC TGG GC (863-882( +4++ 60
Eph B4 64 ATG GCT GGC AGG ACC CTT CT (843-862) ++++ 80
Eph B4 63 CCT GAC AGG GGC TTG AAG GT (823-842) ++++ 80
Eph B4 62 GCC CTG GGC ACA GGC TCG GC (803-822) +4+ 70
Eph B4 61 ACT TGG TGT TCC CCT CAG CT (783-802) ++++ 80
Eph B4 60 GCC TCG AAC CCC GGA GCA CA (763-782) +++ 50
Eph B4 59 GCT GCA GCC CGT GAC CGG CT (743-762) +4++ 50
Eph B4 58 GTT CGG CCC ACT GGC CAT CC (723-742) ++ 45
Eph B4 57 TCA CGG CAG TAG AGG CTG GG (703-722) +++ 70
Eph B4 56 GCT GGG GCC AGG GGC GGG GA (683-702) ++ 50
Eph B4 55 CGG CAT CCA CCA CGC AGC TA (663-682) ++ 50
Eph B4 54 CCG GCC ACG GGC ACA ACC AG (643-662) ++ 50
Eph B4 53 CTC CCG AGG CAC AGT CTC CG (623-642) +4++ 50
Eph B4 52 GGA ATC GAG TCA GGT TCA CA (603-622) ++++ 90
Eph B4 51 GTC AGC TGG GCG CAC TIT TT (583-602) +++ 70
Eph B4 50 GTA GAA GAG GTG CAG GGA TA (563-582) ++++ 80
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Eph B4 49 GCA GGG CCA TGC AGG CAC CC (543-562) ++++ 80
Eph B4 48 TGG TCC TGG AAG GCC AGG TA (523-542) ++4++ 90
Eph B4 47 GAA GCC AGC CTT GCT GAG CG (503-522) ++++ 80
Eph B4 46 GTC CCA GAC GCA GCG TCT TG (483-502) ++ 40
Eph B4 45 ACA TTC ACC TTC CCG GTG GC (463-482) +++ 50
Eph B4 44 CTC GGC CCC AGG GCG CTT CC (443-462) ++ 50
Eph B4 43 GGG TGA GAT GCT CCG CGG CC (423-442) +++ 60
Eph B4 42 ACC GTG TCC ACC TTG ATG TA (403-422) ++++ 80
Eph B4 41 GGG GTT CTC CAT CCA GGC TG (383-402) ++++ 80
Eph B4 40 GCG TGA GGG CCG TGG CCG TG (363-382) ++ 50
Eph B4 39 TCC GCA TCG CTC TCA TAG TA (343-362) +++ 60
Eph B4 38 GAA GAC GGT GAA GGT CTC CT (323-342) ++++ 80
Eph B4 37 TGC AGG AGC GCC CAG CCC GA (303-322) +++ 50
Eph B4 36 GGC AGG GAC AGG CAC TCG AG (283-302) +++ 45
Eph B4 35 CAT GGT GAA GCG CAG CGT GG (263-282) ++ S0
Eph B4 34 CGT ACA CGT GGA CGG CGC CC (243-262) ++ 40
Eph B4 33 CGC CGT GGG ACC CAA CCT GT (223-242) +++ 60
Eph B4 32 GCG AAG CCA GTG GGC CTG GC (203-222) ++++ 70
Eph B4 31 CCG GGG CAC GCT GCA CGT CA (183-202) ++4+ 60
Eph B4 30 CAC ACT TCG TAG GTG CGC AC (163-182) +++ 70
Eph B4 29 GCT GTG CTG TTC CTC ATC CA (143-162) ++++ 80
Eph B4 28 GGC CGC TCA GTT CCT CCC AC (123-142) ++ 40
Eph B4 27 TGC CCG TCC ACC TGA GGG AA (103-122) ++ 50
Eph B4 26 TGT CAC CCA CTT CAG ATC AG (83-102) ++++ 70
Eph B4 25 CAG TTT CCA ATT TTG TGT TC (63-82) ++++ 70
Eph B4 24 AGC AGG GTC TCT TCC AAA GC (43-62) ++++ 80
Eph B4 23 TGC GGC CAA CGA AGC CCA GC (23-42) ++ 50
Eph B4 22 AGA GCA GCA CCC GGA GCT CC (3-22) +++ 50
Eph B4 21 AGC AGC ACC CGG AGC TCC AT (1-20) +++ 50
Additional antisense probes described in the specification
EphB4 AS-1 GTG CAG GGA TAG CAG GGC CAT (552-572)
EphB4 AS-2 AAG GAG GGG TGG TGC ACG GTG (952-972)
EphB4 AS-3 TTC CAG GTG CAG GGA GGA GCC (1007-1027)
EphB4 AS-4 GTG GTG ACA TTG ACA GGC TCA (1263-1285)
EphB4 AS-5 TCT GGC TGT GAT GTT CCT GGC (1555-1575)
EphB4 AS-6 GCC GCT CAG TTC CTC CCA (123-140)
EphB4 AS-7 TGA AGG TCT CCT TGC AGG (316-333)
EphB4 AS-8 CGC GGC CAC CGT GTC CAC CTT (408-428)
EphB4 AS-9 CTT CAG GGT CTT GAT TGC CAC (1929-1949)
EphB4 AS-10 | ATG GAG GCC TCG CTC AGA AA (1980-1999)
Ephb4 AS-11 | CAT GCC CAC GAG CTG GAT GAC (2138-2158)
Table 2. Examples of EphB4 RNAI probes (siRNAs)
RNAi EphB4 RNAi sequence Inhibition Percent
of EphB4 reduction
Expression in
viability
1 446 aaattggaaactgctgatctg 466
2 447 aattggaaactgctgatctga 467 +++ 70
3 453 aaactgctgatctgaagtggg 473 e+t 70
4 454 aactgctgatctgaagtgggt 474 e+ 80
5 854 aatgtcaagacgctgcgtctg 874 +t+t 65
6 467 aagtgggtgacattccctcag — 487 + 35
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7 848 aaggtgaatgtcaagacgctg 868 t+ 50
8 698 aaggagaccttcaccgtcttc 718 t++ 75
9 959 aaaaagtgcgcccagctgact 979 + 40
10 1247 aatagccactctaacaccatt 1267 ++ 50
11 1259 aacaccattggatcagccgtc 1279 ++ 50
12 1652 aatgtcaccactgaccgagag — 1672 + 35
13 1784 aaataccatgagaagggcgcc 1804 o+t 65
14 1832 aagacgtcagaaaaccgggca ~— 1852 + 30
15 1938 aacatcacagccagacccaac 19 ++ 50
16 2069 aagcagagcaatgggagagaa 2089 4t 75
17 2078 aatgggagagaagcagaatat 2098 +++ 65
18 2088 aagcagaatattcggacaaac 2108 +++ 70
19 2094 aatattcggacaaacacggac 2114 ++ 40
20 2105 aaacacggacagtatctcatc 2125 ++ 50
21 2106 aacacggacagtatctcatcg 2126 + 35
22 2197 aaaagagatcgatgtctccta 2217 e+t 65
23 2174 aatgaggctgtgagggaattt 2194 ++ 50
24 2166 aagaccctaatgaggctgtga 2186 ++ 50
25 2198 aaagagatcgatgtctcctac 2218 +++ 55
26 2199 aagagatcgatgtctcctacg — 2219 e+t 70
27 2229 aagaggtgattggtgcaggtg 2249 + 33
28 2222 aagattgaagaggtgattggt 2242 + 30
29 2429 aacagcatgcccgtcatgatt 2449 ++ 40
30 2291 aagaaggagagctgtgtggca 2311 e+ 50
31 2294 aaggagagctgtgtggcaatc — 2314 e+ 60
32 2311 aatcaagaccctgaagggtgg 2331 et 70
33 2497 aaacgacggacagttcacagt 2517 + 33
34 2498 aacgacggacagttcacagtc 2518 + 40
35 2609 aacatcctagtcaacagcaac — 2629 ++ 50
36 2621 aacagcaacctcgtctgcaaa — 2641 + 35
37 2678 aactcttccgatcccacctac 2698 ++ 50
38 2640 aagtgtctgactttggccttt 2660 ++ 70
39 2627 aacctcgtctgcaaagtgtct — 2647 ++ 50
40 2639 aaagtgtctgactttggcctt — 2659 + 25
41 2852 aatcaggacgtgatcaatgcc 2872 ++ 75
42 2716 aaagattcccatccgatggac — 2736 ++ 50
43 2717 aagattcccatccgatggact — 2737 ++ €0
44 2762 aagttcacttccgccagtgat 2782 +++ 70
45 3142 aagatacgaagaaagtttcgce 3162 ++ 50
46 3136 aatgggaagatacgaagaaag 3156 e 66
47 2867 aatgccattgaacaggactac — 2887
48 3029 aaaatcgtggcccgggagaat — 3049 + 33
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49 3254 aaaatcttggccagtgtccag 3274 =+ 50
50 3255 aaatcttggccagtgtccagc — 3275 ++t 75
51 3150 aagaaagtttcgcagccgetg — 3170 +ht 80
52 3251 aagaaaatcttggccagtgtc — 3271 ++ 50
53 3256 aatcttggccagtgtccagca — 3276 ++ 50

Additional RNAi probes described in the specification

Eph B4 50 ‘gagacccugcugaacacaauu

Eph B4 472 ggugaaugucaagacgcuguu

Eph B4 1562 caucacagccagacccaacuu

siRNA 2303 cucuuccgaucccaccuacuu

Eph B4 2302 cucuuccgaucccaccuacuu

Table 3. Examples of Ephrin B2 antisense probes

sequence Coding Percent Inhibition
region reduction in of Ephrin B2

¢ viability Expression
Ephrin TCA GAC CTT GTA GTA AAT GT (983-1002) 35 +4
AS-51
Ephrin TCG CCG GGC TCT GCG GGG GC (963-982) 50 +4++
AS-50
Ephrin ATC TCC TGG ACG ATG TAC AC (943-962) 45 ++
AS-49
Ephrin CGG GTG CCC GTA GTC CCC GC (923-942) 35 ++
AS-48
Ephrin TGA CCT TCT CGT AGT GAG GG (903-922) 40 +++
AS-47 -
Ephrin CAG AAG ACG CTG TCC GCA GT (883-902) 40 ++
AS-46
Ephrin CCT TAG CGG GAT GAT AAT GT (863-882) 35 ++
AS-45
Ephrin CAC TGG GCT CTG AGC CGT TG (843-862) 60 +++
AS-44
Ephrin TTG TTG CCG CTG CGC TTG GG (823-842) 40 ++
AS-43
Ephrin TGT GGC CAG TGT GCT GAG CG (803-822) 40 ++
AS-42
Ephrin ACA GCG TGG TCG TGT GCT GC (783-802) 70 ++4
AS-41 )
Ephrin GGC GAG TGC TTC CTG TGT CT (763-782) 80 ++++
AS-40
Ephrin CCT CCG GTA CTT CAG CAA GA (743-762) 50 +++
AS-39
Ephrin GGA CCA CCA GCG TGA TGA TG (723-742) 60 +++
AS-38
Ephrin ATG ACG ATG AAG ATG ATG CA (703-722) 70 +++
AS-37
Ephrin TCC TGA AGC AAT CCC TGC AA (683-702) 60 +++
AS-36
Ephrin ATA AGG CCA CTT CGG AAC CG (663-682) 45 ++
AS-35
Ephrin AGG ATG TTG TTC CCC GAA TG (643-662) 50 +4++
AS-34
Ephrin TCC GGC GCT GTT GCC GTC TG (623-642) 75 +++
AS-33
Ephrin TGC TAG AAC CTG GAT TTG GT (603-622) 60 +++
AS-32
Ephrin TTT ACA AAG GGA CTT GTT GT (583-602) 66 +++
AS-31
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Ephrin CGA ACT TCT TCC ATT TGT AC (563-582) 50 ++
AS-30
Ephrin CAG CTT CTA GTT CTG GAC GT (543-562) 50 +++
AS-29
Ephrin CTT GTT GGA TCT TTA TTC CT (523-542) 70 +++
AS-28
Ephrin GGT TGA TCC AGC AGA ACT TG (503-522) 65 +4+
AS-27
Ephrin CAT CTT GTC CAA CTT TCA TG (483-502) 75 +++
AS-26
Ephrin AGG ATC TTC ATG GCT CTT GT (463-482) 60 +++
AS-25
Ephrin CTG GCA CAC CCC TCC CTC CT (443-462) 45 ++
AS-24
Ephrin GGT TAT CCA GGC CCT CCA AA (423-442) 50 +++
AS-23
Ephrin GAC CCA TTT GAT GTA GAT AT (403-422) 50 +++
AS-22
Ephrin AAT GTA ATA ATC TTT GTT CT (383-402) 60 +++
AS-21
Ephrin TCT GAA ATT CTA GAC CCC AG (363-382) 60 +++
AS-20
Ephrin AGG TTA GGG CTG AAT TCT TG (343-362) 75 +++
AS-19
Ephrin AAMA CTT GAT GGT GAA TTT GA (323-342) €0 +4+
AS-18
Ephrin TAT CTT GGT CTG GTT TGG CA (303-322) 50 ++
AS-17
Ephrin CAG TTG AGG AGA GGG GTA TT (283-302) 40 ++
AS-16
Ephrin TTC CTT CTT AAT AGT GCA TC (263-282) 66 +++
AS-15
Ephrin TGT CTG CTT GGT CTT TAT CA (243-262) 70 +++4+
AS-14
Ephrin ACC ATA TAA ACT TTA TAA TA (223-242) 50 +++
AS-13
Ephrin TTC ATA CTG GCC AAC AGT TT (203-222) 50 +++
AS-12
Ephrin TAG AGT CCA CTT TGG GGC AA (183-202) 70 ++++
AS-11
Ephrin ATA ATA TCC AAT TTG TCT CC (163-182) 70 +4+++
AS-10
Ephrin TAT CTG TGG GTA TAG TAC CA (143-162) 80 +4++
AS-9
Ephrin GTC CTT GTC CAG GTA GAA AT (123-142) 60 +++
AS-8
Ephrin TTG GAG TTC GAG GAA TTC CA (103-122) 80 ++++
AS-7
Ephrin ATA GAT AGG CTC TAA AAC TA (83-102) 70 +++
AS-6
Ephrin TCG ATT TGG AAA TCG CAG TT (63-82) 50 +++
AS-S
Ephrin CTG CAT AAA ACC ATC AAA AC (43-62) 80 e+t
AS-4
Ephrin ACC CCA GCA GTA CTT CCA CA (23-42) 85 +H++
AS-3
Ephrin CGG AGT CCC TTC TCA CAG CC (3-22) 70 +++
AS-2
Ephrin GAG TCC CTT CTC ACA GCC AT (1-20) 80 +++4
AS-1
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Table 4. Examples of Ephrin B2 RNAI probes (siRNAs).
RNAi Sequence and homology with other | Percent Inhibition RNA1
human genes. reduction in | of Ephrin B2 |no
viability Expression
89 aactgcgatttccaaatcgat 109 80 4 1
141 aactccaaatttctacctgga 161 70 e 2
148 aatttctacctggacaaggac 168 75 4+ 3
147 aaatttctacctggacaagga 167 60 +++ 4
163 aaggactggtactatacccac 183 40 ++ S
217 aagtggactctaaaactgttg 237 80 4+ 6
229 aaactgttggccagtatgaat 249 50 4+ 7
228 aaaactgttggccagtatgaa 248 80 e+t 8
274 aagaccaagcagacagatgca 294 80 ++++ 11
273 aaagaccaagcagacagatgc 293 60 4+ 12
363 aagtttcaagaattcagccct 383 66 +++ 13
370 aagaattcagccctaacctct 390 50 +++ 14
373 aattcagccctaacctctggg 393 50 e+ 15
324 aactgtgccaaaccagaccaa 344 90 P 16
440 aaatgggtctttggagggcect 460 80 4 17
501 aagatcctcatgaaagttgga 521 50 +++ 18
513 aaagttggacaagatgcaagt 533 50 +++ 19
491 aagagccatgaagatcctcat 511 50 4+ 20
514 aagttggacaagatgcaagtt — 534 66 . 51
523 aagatgcaagttctgctggat 543 66 - 22
530 aagttctgctggatcaaccag 550 50 e+ 23
545 aaccaggaataaagatccaac 565 35 ++ 24
555 aaagatccaacaagacgtcca 575 40 ++ 25
556 aagatccaacaagacgtccag 576 60 +++ 26
563 aacaagacgtccagaactaga 583 60 +++ 27
566 aagacgtccagaactagaagc 586 70 444 28
593 aaatggaagaagttcgacaac 613 75 S 29
577 aactagaagctggtacaaatg 597 66 e+ 30
594 aatggaagaagttcgacaaca 614 35 ++ 31
583 aagctggtacaaatggaagaa 603 50 +++ 32
611 aacaagtccctttgtaaaacc 631 70 J 33
599 aagaagttcgacaacaagtcc 619 70 ottt 32
602 aagttcgacaacaagtccctt 622 80 ++++ 35
626 aaaaccaaatccaggttctag 646 50 +++ 36
627 aaaccaaatccaggttctagc — 647 25 + 37
628 aaccaaatccaggttctagca 648 30 ++ 38
632 aaatccaggttctagcacaga 652 60 +++ 39
633 aatccaggttctagcacagac 653 40 ++ 40
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678 aacaacatcctcggttccgaa 698 30 ++ 41
681 aacatcctcggttccgaagtg 701 20 + 42
697 aagtggccttatttgcaggga 717 30 ++ 43

Additional Ephrin B2 RNAi probes described in the specification

GCAGACAGAUGCACUAUUAUU ephrin
B2 264

CUGCGAUUUCCAAAUCGAUUU ephrin
B2 63

GGACUGGUACUAUACCCACUU ephrin
B2 137

In other embodiments, the present invention provides polypeptide therapeutic agents
which include soluble polypeptides, antibodies and antigen-binding portions of antibodies.
In certain aspects, the disclosure provides soluble EphB4 polypeptides comprising an amino
acid sequence of an extracellular domain of an EphB4 protein. The soluble EphB4
polypeptides bind specifically to an EphrinB2 polypeptide. The term “soluble” is used
merely to indicate that these polypeptides do not contain a transmembrane domain or a
portion of a transmembrane domain sufficient to compromise the solubility of the
polypeptide in a physiological salt solution. Soluble polypeptides are preferably prepared as
monomers that compete with EphB4 for binding to ligand such as EphrinB2 and inhibit the
signaling that results from EphB4 activation. Optionally, a soluble polypeptide may be
prepared in a multimeric form, by, for example, expressing as an Fc fusion protein or fusion
with another multimerization domain. Such multimeric forms may have complex activities,
having agonistic or antagonistic effects depending on the context. In certain embodiments
the soluble EphB4 polypeptide comprises a globular domain of an EphB4 protein. A
soluble EphB4 polypeptide may comprise a sequence at least 90% identical to residues 1-
522 of the amino acid sequence defined by Figure 22. A soluble EphB4 polypeptide may
comprise a sequence at least 90% identical to residues 1-412 of the amino acid sequence
defined by Figure 22. A soluble EphB4 polypeptide may comprise a sequence at least 90%
identical to residues 1-312 of the amino acid sequence defined by Figure 22. A soluble
EphB4 polypeptide may comprise a sequence encompassing the globular (G) domain
(amino acids 29-197 of Figure 22), and optionally additional domains, such as the cysteine-
rich domain (amino acids 239-321 of Figure 22), the first fibronectin type 3 domain (amino
acids 324-429 of Figure 22) and the second fibronectin type 3 domain (amino acids 434-526
of Figure 22). Preferred polypeptides described herein and demonstrated as having ligand
binding activity include polypeptides corresponding to 1-537, 1-427 and 1-326, respectively,
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of the amino acid sequence shown in Figure 22. A soluble EphB4 polypeptide may
comprise a sequence as set forth in Figure 1 or 2. As is well known in the art, expression of
such EphB4 polypeptides in a suitable cell, such as HEK293T cell line, will result in
cleavage of a leader peptide. Although such cleavage is not always complete or perfectly
consistent at a single site, it is known that EphB4 tends to be cleaved so as to remove the
first 15 amino acids of the sequence shown in Figure 22. Accordingly, as specific examples,
the disclosure provides unprocessed soluble EphB4 polypeptides that bind to EphrinB2 and
comprise an amino acid sequence selected from the following group (numbering is with
respect to the sequence of Figure 22): 1-197, 29-197, 1-312, 29-132, 1-321, 29-321, 1-326,
29-326, 1-412, 29-412, 1-427, 29-427, 1-429, 29-429, 1-526, 29-526, 1-537 and 29-537.
Such polypeptides may be used in a processed form, such forms having a predicted amino
acid sequence selected from the following group (numbering is with respect to the sequence
of Figure 22): 16-197, 16-312, 16-321, 16-326, 16-412, 16-427, 16-429, 16-526 and 16-537.
Additionally, a soluble EphB4 polypeptide may be one that comprises an amino acid
sequence at least 90%, and optionally 95% or 99% identical to any of the preceding amino
acid sequences while retaining EphrinB2 binding activity. Preferably, any variations in the
amino acid sequence from the sequence shown in Figure 21 are conservative changes or
deletions of no more than 1, 2, 3, 4 or 5 amino acids, particularly in a surface loop region.
In certain embodiments, the soluble EphB4 polypeptide may inhibit the interaction between
Ephrin B2 and EphB4. The soluble EphB4 polypeptide may inhibit clustering of or
phosphorylation of Ephrin B2 or EphB4. Phosphorylation of EphrinB2 or EphB4 is
generally considered to be one of the initial events in triggering intracellular signaling
pathways regulated by these proteins. As noted above, the soluble EphB4 polypeptide may
be prepared as a monomeric or multimeric fusion protein. The soluble polypeptide may
include one or more modified amino acids. Such amino acids may contribute to desirable

properties, such as increased resistance to protease digestion.

The present disclosure provides soluble EphB4 polypeptides having an additional
component that confers increased serum half-life while still retaining EphrinB2 binding
activity. In certain embodiments soluble EphB4 polypeptides are monomeric and are
covalently linked to one or more polyethylene glycol (PEG) groups. The one or more PEG
may have a molecular weight ranging from about 1 kDa to about 100 kDa, and will
preferably have a molecular weight ranging from about 10 to about 60 kDa or about 20 to

about 40 kDa. In a preferred embodiment, the soluble, monomeric EphB4 conjugate
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comprises an EphB4 polypeptide covalently linked to one PEG group of from about 20 to
about 40 kDa (monoPEGylated EphB4), preferably via an e-amino group of EphB4 lysine or
the N-terminal amino group. Most preferably, EphB4 is randomly PEGylated at one amino
group out of the group consisting of the €-amino groups of EphB4 lysine and the N-terminal
amino group. Surprisingly, it has been found that monoPEGylated EphB4 according to the
invention has superior properties in regard to the therapeutic applicability of unmodified
soluble EphB4 polypeptides and poly-PEGylated EphB4. Nonetheless, the disclosure also
provides poly-PEGylated EphB4 having PEG at more than one position. Such
polyPEGylated forms provide improved serum-half life relative to the unmodified form. In
certain embodiments, a soluble EphB4 polypeptide is stably associated with a second
stabilizing polypeptide that confers improved half-life without substantially diminishing
EphrinB2 binding. A stabilizing polypeptide will preferably be immunocompatible with
human patients (or animal patients, where veterinary uses are contemplated) and have little
or no significant biological activity. In a preferred embodiment, the stabilizing polypeptide
is a human serum albumin, or a portion thereof. A human serum albumin may be stably
associated with the EphB4 polypeptide covalently or non-covalently. Covalent attachment
may be achieved by expression of the EphB4 polypeptide as a co-translational fusion with
human serum albumin. The albumin sequence may be fused at the N-terminus, the C-
terminus or at a non-disruptive internal position in the soluble EphB4 polypeptide. Exposed
loops of the EphB4 would be appropriate positions for insertion of an albumin sequence.
Albumin may also be post-translationally attached to the EphB4 polypeptide by, for
example, chemical cross-linking. An EphB4 polypeptide may also be stably associated with

more than one albumin polypeptide.
Examples of soluble EphB4 polypeptides are provided in the Examples below.

In certain aspects, the disclosure provides soluble EphrinB2 polypeptides comprising
an amino acid sequence of an extracellular domain of an EphrinB2 protein. The soluble
EphrinB2 polypeptides bind specifically to an EphB4 polypeptide. The term “soluble™ is
used merely to indicate that these polypeptides do not contain a transmembrane domain or a
portion of a transmembrane domain sufficient to compromise the solubility of the
polypeptide in a physiological salt solution. Soluble polypeptides are preferably prepared as
monomers that compete with EphrinB2 for binding to ligand such as EphB4 and inhibit the
signaling that results from EphrinB2 activation. Optionally, a soluble polypeptide may be

prepared in a multimeric form, by, for example, expressing as an Fc fusion protein or fusion
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with another multimerization domain. Such multimeric forms may have complex activities,
having agonistic or antagonistic effects depending on the context. A soluble EphrinB2
polypeptide may comprise residues 1-225 of the amino acid sequence defined by Figure 22.
A soluble EphrinB2 polypeptide may comprise a sequence defined by Figure 3. As is well
known in the art, expression of such EphrinB2 polypeptides in a suitable cell, such as
HEK293T cell line, will result in cleavage of a leader peptide. Although such cleavage is
not always complete or perfectly consistent at a single site, it is known that EphrinB2 tends
to be cleaved so as to remove the first 26 amino acids of the sequence shown in Figure 22.
Accordingly, as specific examples, the disclosure provides unprocessed soluble EphrinB2
polypeptides that bind to EphB4 and comprise an amino acid sequence corresponding to
amino acids 1-225 of Figure 22. Such polypeptides may be used in a processed form, such
forms having a predicted amino acid sequence selected from the following group
(numbering is with respect to the sequence of Figure 22): 26-225. In certain embodiments,
the soluble EphrinB2 polypeptide may inhibit the interaction between Ephrin B2 and
EphB4. The soluble EphrinB2 polypeptide may inhibit clustering of or phosphorylation of
EphrinB2 or EphB4. As noted above, the soluble EphrinB2 polypeptide may be prepared as
a monomeric or multimeric fusion protein. The soluble polypeptide may include one or
more modified amino acids. Such amino acids may contribute to desirable properties, such

as increased resistance to protease digestion.

In another specific embodiment, the present invention provides antibodies against
Ephrin B2 or EphB4. As described herein, the term “antagonist antibody” refers to an
antibody that inhibits function of Ephrin B2 or EphB4. Preferably, the antagonist antibody
binds to an extracellular domain of Ephrin B2 or EphB4. It is understood that antibodies of
the invention may be polyclonal or monoclonal; intact or truncated, .g., F(ab')2, Fab, Fv;
xenogeneic, allogeneic, syngeneic, or modified forms thereof, e.g., humanized, chimeric,
etc. Examples of these antibodies include, but are not limited to, EphB4 antibody Nos. 1,
23, 35,47, 57,79, 85L, 85H, 91, 98, 121, 131, and 138 as shown in Figure 24.

Hybridomas producing antibody No. 23 (epitope within amino acids 16-198),
antibody No. 91 (kinase activating antibody; epitope within amino acids 324-429), antibody
No. 98 (epitope within amino acids 430-537), antibody No. 131 (epitope within amino acids
324-429), and antibody No. 138 (epitope within amino acids 430-537) were deposited in the
American Type Culture Collection (ATCC), 10801 University Boulevard, Manassas, VA
20110-2209. The ATCC Deposit Designation Nos. for antibody No. 23, No. 91, No. 98,
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No. 131, and No. 138 are PTA-6208, PTA-6209, PTA-6210, PTA-6214, and PTA-6211,
respectively. Therefore, certain specific aspects of the disclosure relate to a hybridoma cell
having an ATCC Deposit Designation No. selected from the group consisting of PTA-6208,
PTA-6209, PTA-6210, PTA-6214, and PTA-6211.

VI. Methods of Treatment

In certain embodiments, the present disclosure provides methods of inhibiting or
reducing tumor growth and methods of treating an individual suffering from cancer.
Optionally, one or more of these therapeutic methods is applied after gene amplification
(EphB4 or Ephrin B2) has been detected by the methods as described above. These
methods involve administering to the individual a therapeutically effective amount of one or
more therapeutic agent as described above, or a conventional anti-tumor compounds as
described below, or both. These methods are particularly aimed at therapeutic and

prophylactic treatments of animals, and more particularly, humans.

As described herein, the tumor includes a tumor inside an individual, a tumor
xenograft, or a tumor cultured in vitro. In particular, nucleic acid therapeutic agents of the
present disclosure are useful for treating or preventing a cancer (tumor), including, but not
limited to, colorectal carcinoma, breast cancer, ovary cancer, mesothelioma, prostate cancer,
bladder cancer, lung cancer, brain cancer, stomach cancer, HNSCC, Kaposi sarcoma, and

leukemia.

In certain embodiments of such methods, one or more therapeutic agents can be
administered, together (simultaneously) or at different times (sequentially). In addition,
therapeutic agents can be administered with more than two types of compounds for treating
cancer. For example, a therapeutic agent of the present invention can be used in
combination with one of the conventional anti-tumor therapeutic approaches. Such methods
can be used in prophylactic cancer prevention, prevention of cancer recurrence and
metastases after surgery, and as an adjuvant of other conventional cancer therapy. The
present disclosure recognizes that the effectiveness of conventional cancer therapies (e.g.,
chemotherapy, radiation therapy, phototherapy, immunotherapy, and surgery) can be

enhanced through the use of a subject nucleic acid therapeutic agent.

A wide array of conventional compounds have been shown to have anti-neoplastic
activities. These compounds have been used as pharmaceutical agents in chemotherapy to

shrink solid tumors, prevent metastases and further growth, or decrease the number of

-30-



10

15

20

25

30

WO 2006/034456 PCT/US2005/034179

malignant cells in leukemic or bone marrow malignancies. Although chemotherapy has
been effective in treating various types of malignancies, many anti-neoplastic compounds
induce undesirable side effects. It has been shown that when two or more different
treatments are combined, the treatments may work synergistically and allow reduction of
dosage of each of the treatments, thereby reducing the detrimental side effects exerted by
each compound at higher dosages. In other instances, malignancies that are refractory to a

treatment may respond to a combination therapy of two or more different treatments.

When a therapeutic agent of the present disclosure is administered in combination
with another conventional anti-neoplastic (anti-tumor or chemotherapeutic) agent, either
concomitantly or sequentially, such therapeutic agent is shown to enhance the therapeutic
effect of the anti-tumor agent or overcome cellular resistance to such anti-tumor agent. This
allows decrease of dosage of an anti-tumor agent, thereby reducing the undesirable side

effects, or restores the effectiveness of an anti-neoplastic agent in resistant cells.

Conventional anti-tumor compounds include, merely to illustrate:
aminoglutethimide, amsacrine, anastrozole, asparaginase, bcg, bicalutamide, bleomycin,
buserelin, busulfan, campothecin, capecitabine, carboplatin, carmustine, chlorambucil,
cisplatin, cladribine, clodronate, colchicine, cyclophosphamide, cyproterone, cytarabine,
dacarbazine, dactinomycin, daunorubicin, dienestrol, diethylstilbestrol, docetaxel,
doxorubicin, epirubicin, estradiol, estramustine, etoposide, exemestane, filgrastim,
fludarabine, fludrocortisone, fluorouracil, fluoxymesterone, flutamide, gemcitabine,
genistein, goserelin, hydroxyurea, idarubicin, ifosfamide, imatinib, interferon, irinotecan,
ironotecan, letrozole, leucovorin, leuprolide, levamisole, lomustine, mechlorethamine,
medroxyprogesterone, megestrol, melphalan, mercaptopurine, mesna, methotrexate,
mitomycin, mitotane, mitoxantrone, nilutamide, nocodazole, octreotide, oxaliplatin,
paclitaxel, pamidronate, i)entostatin, plicamycin, porfimer, procarbazine, raltitrexed,
rituximab, streptozocin, suramin, tamoxifen, temozolomide, teniposide, testosterone,
thioguanine, thiotepa, titanocene dichloride, topotecan, trastuzumab, tretinoin, vinblastine,

vincristine, vindesine, and vinorelbine.

These chemotherapeutic anti-tumor compounds may be categorized by their
mechanism of action into, for example, following groups: anti-metabolites/anti-cancer
agents, such as pyrimidine analogs (5-fluorouracil, floxuridine, capecitabine, gemcitabine

and cytarabine) and purine analogs, folate antagonists and related inhibitors
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(mercaptopurine, thioguanine, pentostatin and 2-chlorodeoxyadenosine (cladribine));
antiproliferative/antimitotic agents including natural products such as vinca alkaloids
(vinblastine, vincristine, and vinorelbine), microtubule disruptors such as taxane (paclitaxel,
docetaxel), vincristin, vinblastin, nocodazole, epothilones and navelbine,
epidipodophyllotoxins (etoposide, teniposide), DNA damaging agents (actinomycin,
amsacrine, anthracyclines, bleomycin, busulfan, camptothecin, carboplatin, chlorambucil,
cisplatin, cyclophosphamide, cytoxan, dactinomycin, daunorubicin, doxorubicin, epirubicin,
hexamethylmelamineoxaliplatin, iphosphamide, melphalan, merchlorehtamine, mitomycin,
mitoxantrone, nitrosourea, plicamycin, procarbazine, taxol, taxotere, teniposide,
triethylenethiophosphoramide and etoposide (VP16)); antibiotics such as dactinomycin
(actinomycin D), daunorubicin, doxorubicin (adriamycin), idarubicin, anthracyclines,
mitoxantrone, bleomycins, plicamycin (mithramycin) and mitomycin; enzymes (L-
asparaginase which systemically metabolizes L-asparagine and deprives cells which do not
have the capacity to synthesize their own asparagine); antiplatelet agents;
antiproliferative/antimitotic alkylating agents such as nitrogen mustards (mechlorethamine,
cyclophosphamide and analogs, melphalan, chlorambucil), ethylenimines and
methylmelamines (hexamethylmelamine and thiotepa), alkyl sulfonates-busulfan,
nitrosoureas (carmustine (BCNU) and analogs, streptozocin), trazenes - dacarbazinine
(DTIC); antiproliferative/antimitotic antimetabolites such as folic acid analogs
(methotrexate); platinum coordination complexes (cisplatin, carboplatin), procarbazine,
hydroxyurea, mitotane, aminoglutethimide; hormones, hormone analogs (estrogen,
tamoxifen, goserelin, bicalutamide, nilutamide) and aromatase inhibitors (letrozole,
anastrozole); anticoagulants (heparin, synthetic heparin salts and other inhibitors of
thrombin); fibrinolytic agents (such as tissue plasminogen activator, streptokinase and
urokinase), aspirin, dipyridamole, ticlopidine, clopidogrel, abciximab; antimigratory agents;
antisecretory agents (breveldin); immunosuppressives (cyclosporine, tacrolimus (FK-506),
sirolimus (rapamycin), azathioprine, mycophenolate mofetil); anti-angiogenic compounds
(TNP-470, genistein) and growth factor inhibitors (vascular endothelial growth factor
(VEGF) inhibitors, fibroblast growth factor (FGF) inhibitors); angiotensin receptor blocker;
nitric oxide donors; anti-sense oligonucleotides; antibodies (trastuzumab); cell cycle
inhibitors and differentiation inducers (tretinoin); mTOR inhibitors, topoisomerase
inhibitors (doxorubicin (adriamycin), amsacrine, camptothecin, daunorubicin, dactinomycin,

eniposide, epirubicin, etoposide, idarubicin and mitoxantrone, topotecan, irinotecan),
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corticosteroids (cortisone, dexamethasone, hydrocortisone, methylpednisolone, prednisone,
and prenisolone); growth factor signal transduction kinase inhibitors; mitochondrial

dysfunction inducers and caspase activators; and chromatin disruptors.

Depending on the nature of the combinatory therapy, administration of the
therapeutic agents mally be continued while the other therapy is being administered and/or
thereafter. Administration of the therapeutic agents may be made in a single dose, or in
multiple doses. In some instances, administration of the therapeutic agents is commenced at
least several days prior to the conventional therapy. In other instances, administration is
begun either immediately before or at the time of the administration of the conventional

therapy.
VII. Methods of Administration and Pharmaceutical Compositions

In certain embodiments, the therapeutic agents (compounds) of the present
disclosure are formulated with a pharmaceutically acceptable carrier. Such therapeutic
agents can be administered alone or as a component of a pharmaceutical formulation
(composition). The agents may be formulated for administration in any convenient way for
use in human or veterinary medicine. Wetting agents, emulsifiers and lubricants, such as
sodium lauryl sulfate and magnesium stearate, as well as coloring agents, release agents,
coating agents, sweetening, flavoring and perfuming agents, preservatives and antioxidants

can also be present in the compositions.

Formulations of the subject agents include those suitable for oral/ nasal, topical,
parenteral, rectal, and/or intravaginal administration. The formulations may conveniently be
presented in unit dosage form and may be prepared by any methods well known in the art of
pharmacy. The amount of active ingredient which can be combined with a carrier material
to produce a single dosage form will vary depending upon the host being treated, the
particular mode of administration. The amount of active ingredient which can be combined
with a carrier material to produce a single dosage form will generally be that amount of the

compound which produces a therapeutic effect.

In certain embodiments, methods of preparing these formulations or compositions
include combining another type of anti-tumor therapeutic agent and a carrier and, optionally,
one or more accessory ingredients. In general, the formulations can be prepared with a
liquid carrier, or a finely divided solid carrier, or both, and then, if necessary, shaping the

product.
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Formulations for oral administration may be in the form of capsules, cachets, pills,
tablets, lozenges (using a flavored basis, usually sucrose and acacia or tragacanth), powders,
granules, or as a solution or a suspension in an aqueous or non-aqueous liquid, or as an oil-
in-water or water-in-oil liquid emulsion, or as an elixir or syrup, or as pastilles (using an
inert base, such as gelatin and glycerin, or sucrose and acacia) and/or as mouth washes and
the like, each containing a predetermined amount of a subject therapeutic agent as an active

ingredient.

In solid dosage forms for oral administration (capsules, tablets, pills, dragees,
powders, granules, and the like), one or more therapeutic agents may be mixed with one or
more pharmaceutically acceptable carriers, such as sodium citrate or dicalcium phosphate,
and/or any of the following: (1) fillers or extenders, such as starches, lactose, sucrose,
glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose, and/or acacia; (3)
humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; (5)
solution retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary
ammonium compounds; (7) wetting agents, such as, for example, cetyl alcohol and glycerol
monostearate; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants, such a talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and
mixtures thereof; and (10) coloring agents. In the case of capsules, tablets and pills, the
pharmaceutical compositions may also comprise buffering agents. Solid compositions of a
similar type may also be employed as fillers in soft and hard-filled gelatin capsules using
such excipients as lactose or milk sugars, as well as high molecular weight polyethylene

glycols and the like.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. In addition to the
active ingredient, the liquid dosage forms may contain inert diluents commonly used in the
art, such as water or other solvents, solubilizing agents and emulsifiers, such as ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, oils (in particular, cottonseed, groundnut, corn, germ,
olive, castor, and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols and

fatty acid esters of sorbitan, and mixtures thereof. Besides inert diluents, the oral
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compositions can also include adjuvants such as wetting agents, emulsifying and suspending

agents, sweetening, flavoring, coloring, perfuming, and preservative agents.

Suspensions, in addition to the active compounds, may contain suspending agents
such as ethoxylated isostearyl alcohols, polyoxyethylene sorbitol, and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,

and mixtures thereof.

In particular, methods of the disclosure can be administered topically, either to skin
or to mucosal membranes such as those on the cervix and vagina. This offers the greatest
opportunity for direct delivery to tumor with the lowest chance of inducing side effects. The
topical formulations may further include one or more of the wide variety of agents known to
be effective as skin or stratum corneum penetration enhancers. Examples of these are 2-
pyrrolidone, N-methyl-2-pyrrolidone, dimethylacetamide, dimethylformamide, propylene
glycol, methyl or isopropyl alcohol, dimethyl sulfoxide, and azone. Additional agents may
further be included to make the formulation cosmetically acceptable. Examples of these are
fats, waxes, oils, dyes, fragrances, preservatives, stabilizers, and surface active agents.
Keratolytic agents such as those known in the art may also be included. Examples are

salicylic acid and sulfur.

Dosage forms for the topical or transdermal administration include powders, sprays,
ointments, pastes, creams, lotions, gels, solutions, patches, and inhalants. The subject
therapeutic agents may be mixed under sterile conditions with a pharmaceutically acceptable
carrier, and with any preservatives, buffers, or propellants which may be required. The
ointments, pastes, creams and gels may contain, in addition to a subject nucleic acid
molecule, excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch,
tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc

and zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition to a therapeutic agent, excipients such as
lactose, talc, silicic acid, aluminum hydroxide, calcium silicates, and polyamide powder, or
mixtures of these substances. Sprays can additionally contain customary propellants, such
as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as butane and

propane.

Pharmaceutical compositions suitable for parenteral administration may comprise

one or more therapeutic agents in combination with one or more pharmaceutically
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acceptable sterile isotonic aqueous or nonaqueous solutions, dispersions, suspensions or
emulsions, or sterile powders which may be reconstituted into sterile injectable solutions or
dispersions just prior to use, which may contain antioxidants, buffers, bacteriostats, solutes
which render the formulation isotonic with the blood of the intended recipient or suspending
or thickening agents. Examples of suitable aqueous and nonaqueous carriers which may be
employed in the pharmaceutical compositions of the disclosure include water, ethanol,
polyols (such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable
mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl
oleate. Proper fluidity can be maintained, for example, by the use of coating materials, such
as lecithin, by the maintenance of the required particle size in the case of dispersions, and by

the use of surfactants.

These compositions may also contain adjuvants, such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisms may be ensured by the inclusion of various antibacterial and antifungal
agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be
desirable to include isotonic agents, such as sugars, sodium chloride, and the like into the
compositions. In addition, prolonged absorption of the injectable pharmaceutical form may
be brought about by the inclusion of agents which delay absorption, such as aluminum

monostearate and gelatin.

Injectable depot forms are made by forming microencapsule matrices of one or more
therapeutic agents in biodegradable polymers such as polylactide-polyglycolide. Depending
on the ratio of drug to polymer, and the nature of the particular polymer employed, the rate
of drug release can be controlled. Examples of other biodegradable polymers include
poly(orthoesters) and poly(anhydrides). Depot injectable formulations are also prepared by

entrapping the drug in liposomes or microemulsions which are compatible with body tissue.

Formulations for intravaginal or rectally administration may be presented as a
suppository, which may be prepared by mixing one or more compounds of the disclosure
with one or more suitable nonirritating excipients or carriers comprising, for example, cocoa
butter, polyethylene glycol, a suppository wax or a salicylate, and which is solid at room
temperature, but liquid at body temperature and, therefore, will melt in the rectum or vaginal

cavity and release the active compound.
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In certain embodiments, one or more therapeutic agents are formulated with a
pharmaceutically acceptable agent that allows for the effective distribution of the agent in

the physical location most suitable for their desired activity. Non-limiting examples of such

* pharmaceutically acceptable agents include: PEG, phospholipids, phosphorothioates, P-

glycoprotein inhibitors (such as Pluronic P85) which can enhance entry of drugs into various
tissues, biodegradable polymers, such as poly (DL-lactide-coglycolide) microspheres for
sustained release delivery after implantation (Emerich, DF et al, 1999, Cell Transplant, §,
47-58), and loaded nanoparticles such as those made of polybutylcyanoacrylate, which can
deliver drugs across the blood brain barrier and can alter neuronal uptake mechanisms (Prog

Neuropsychopharmacol Biol Psychiatry, 23, 941-949, 1999).

EXEMPLIFICATION

The disclosure now being generally described, it will be more readily understood by
reference to the following examples, which are included merely for purposes of illustration
of certain aspects and embodiments of the present disclosure, and are not intended to limit

the disclosure.

Example 1. EphB4 Is Expressed in Squamous Cell Carcinoma of The Head and Neck
(HNSCC)
A. HNSCC tumors express EphB4

We studied the expression of EphB4 in human tumor tissues by
immunohistochemistry, in situ hybridization, and Western blot. Twenty prospectively
collected tumor tissues following IRB approval have been evaluated with specific EphB4
monoclonal antibody that does not react with other members of the EphB and EphA family.
EphB4 expression is observed in all cases, with varying intensity of staining. Figure 7A
(top left) illustrates a representative case, showing that EphB4 is expressed in the tumor
regions only, as revealed by the H&E tumor architecture (Fig. 7A bottom left). Note the
absence of staining for EphB4 in the stroma. Secondly, a metastatic tumor site in the lymph
node shows positive staining while the remainder of the lymph node is negative (Fig. 7A,

top right).

In situ hybridization was carried out to determine the presence and location of
EphB4 transcripts in the tumor tissue. Strong signal for EphB4 specific antisense probe was

detected indicating the presence of transcripts (Figure 7B, top left). Comparison with the

-37.



10

15

20

25

30

WO 2006/034456 PCT/US2005/034179

H&E stain (Fig. 7B, bottom left) to illustrate tumor architecture reveals that the signal was -
localized to the tumor cells, and was absent from the stromal areas. Ephrin B2 transcripts
were also detected in tumor sample, and as with EphB4, the signal was localized to the
tumor cells (Fig. 7B, top right). Neither EphB4 nor ephrin B2 sense probes hybridized to

the sections, proving specificity of the signals.

B. Increased expression and gene copy number of EphB4 in primary and metastatic sites of

HNSCC

Western blots of tissue from primary tumor, lymph node metastases and uninvolved
tissue were carried out to determine the relative levels of EphB4 expression in these sites.
Tumor and normal adjacent tissues were collected on 20 cases, while lymph nodes positive
for tumor were harvested in 9 of these 20 cases. Representative cases are shown in Figure
7C. EphB4 expression is observed in each of the tumor samples. Similarly, all tumor
positive lymph nodes show EphB4 expression that was equal to or greater than the primary
tumor. No or minimal expression is observed in the normal adjacent tissue. Further, it was
found that high expression of EphB4 was correlated with increased gene copy number in
HNSCC primary tissues and metastasized tissues (Figure 7D), suggesting that EphB4 gene
amplification may be used a diagnostic marker for tumor status (in particular, tumor

metastasis).
C. Increased expression and gene copy number of EphB4 in HNSCC cell lines

Having demonstrated the expression of EphB4 limited to tumor cells, we next sought
to determine whether there was an in vitro model of EphB4 expression in HNSCC. Six
HNSCC cell lines were surveyed for EphB4 protein expression by Western Blot (Fig. 8A).
A majority of these showed strong EphB4 expression and thus established the basis for
subsequent studies. A strong correlation between high expression of EphB4 and increased
gene copy number of EphB4 was also found in the HNSCC cell lines (Figure 8B). This
result further supports that EphB4 gene amplification may be used a diagnostic marker for

tumor status (in particular, tumor metastasis).

Example 2. EphB4 Is Upregulated and Imparts Growth Advantage in Prostate Cancer

A. Expression of EphB4 in prostate cancer cell lines

We first examined the expression of EphB4 protein in a variety of prostate cancer

cell lines by Western blot. We found that prostate cancer cell lines show marked variation
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in the abundance of the 120 kD EphB4. The levels were relatively high in PC3 and even
higher in PC3M, a metastatic clone of PC3, while normal prostate gland derived cell lines
(MLC) showed low or no expression of EphB4 (Fig. 9A). We next checked the activation
status of EphB4 in PC3 cells by phosphorylation study. We found that even under normal
culture conditions, EphB4 is phosphorylated though it can be further induced by its ligand,
ephrin B2 (Fig. 9B).

B. Expression of EphB4 in clinical prostate cancer samples

To determine whether EphB4 is expressed in clinical prostate samples, tumor tissues
and adjacent normal tissue from prostate cancer surgical specimens were examined. The
histological distribution of EphB4 in the prostate specimens was determined by
immunohistochemistry. Clearly, EphB4 expression is confined to the neoplastic epithelium
(Fig. 10, top left), and is absent in stromal and normal prostate epithelium (Fig. 10, top
right). In prostate tissue array, 24 of the 32 prostate cancers examined were positive. We
found EphB4 mRNA is expressed both in the normal and tumor tissues of clinical samples
by quantitative RT-PCR. However, tumor EphB4 mRNA levels were at least 3 times higher

than in the normal in this case (Fig. 10, lower right).

Example 3. Expression of EphB4 in Mesothelioma

A. EphB4 and EphrinB2 are expressed in mesothelioma cell lines

The expression of Ephrin B2 and EphB4 in malignant mesothelioma cell lines was
determined at the RNA and protein level by a variety of methods. RT-PCR showed that all
of the four cell lines express EphrinB2 and EphB4 (Fig. 11A). Protein expression was
determined by Western blot in these cell lines. Specific bands for EphB4 were seen at 120
kD. In addition, Ephrin B2 was detected in all cell lines tested as a 37 kD band on Western
blot (Fig. 11B). No specific band for Ephrin B2 was observed in 293 human embryonic

kidney cells, which were included as a negative control.

To confirm the presence of EphB4 transcription in mesothelioma cells, in situ
hybridization was carried out on NCI H28 cell lines cultured on chamber slides. Specific
signal for EphB4 was detected using antisense probe Ephrin B2 transcripts were also
detected in the same cell line. Sense probes for both EphB4 and Ephrin B2 served as
negative controls and did not hybridize to the cells (Figure 12). Expression of EphB4 and

Ephrin B2 proteins was confirmed in the cell lines by immunofluorescence analysis (Fig.
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13). Three cell lines showed strong expression of EphB4, whereas expression of Ephrin B2

was present in H28 and H2052, and weakly detectable in H2373.
B. Evidence of expression of EphB4 and EphrinB2 in clinical samples

Tumor cells cultured from the pleural effusion of a patient diagnosed with pleural
malignant mesothelioma were isolated and showed positive staining for both EphB4 and
Ephrin B2 at passage 1 (Figure 13, bottom row). These results confirm co-expression of
EphB4 and Ephrin B2 in mesothelioma cell lines. To determine whether these results seen
in tumor cell lines were a real reflection of expression in the disease state, tumor biopsy
samples were subjected to immunohistochemical staining for EphB4 and Ephrin B2.
Anftibodies to both proteins revealed positive stain in the tumor cells. Representative data is

shown in Figure 14.

Example 4. Ephrin B2 Expression in Kaposi’s Sarcoma (KS) Is Induced by Human

Herpesvirus Type 8

A. KS tumors express Ephrin B2, but not EphB4

The highly vascular nature of KS lesions and the probable endothelial cell origin of
the tumor cells prompted investigation of expression of EphB4 and ephrin B2 which are
markers for venous and arterial endothelial cells, respectively. Ephrin B2, but not EphB4
transcripts were detected in tumor cells of KS biopsies by in situ hybridization (Figure 15A).
Comparison of the positive signal with ephrin B2 antisense probe and tumor cells as shown
by H&E staining shows that ephrin B2 expression is limited to the areas of the biopsy that
contain tumor cells. The lack of signal in KS with EphB4 antisense probe is not due to a
defect in the probe, as it detected transcripts in squamous cell carcinoma, which we have
shown expresses this protein. Additional evidence for the expression of ephrin B2 in KS
tumor tissue is afforded by the localization of EphB4/Fc signal to tumor cells, detected by
FITC conjugated anti human Fc antibody. Because ephrin B2 is the only ligand for EphB4
this reagent is specific for the expression of ephrin B2 (Figure 15B, left). An adjacent
section treated only with the secondary reagent shows no specific signal. Two-color
confocal microscopy demonstrated the presence of the HHV-8 latency protein, LANALI in
the ephrin B2 positive cells (Fig. 15C, left), indicating that it is the tumor cells, not tumor
vessels, which are expressing this arterial marker. Staining of tumor biopsy with PECAM-1
antibody revealed the highly vascular nature of this tumor (Fig. 15C, right). A pilot study of

the prevalence of this pattern of ephrin B2 and EphB4 expression on KS biopsies was
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conducted by RT-PCR analysis. All six samples were positive for ephrin B2, while only 2
were weakly positive for EphB4 (data not shown).

B. HHV-8 vGPCR induces ephrin B2 expression

To test whether individual viral proteins could induce the expression of ephrin B2
seen with the whole virus KS-SLK cells were stably transfected with HHV-8 LANA, or
LANAA440 or vGPCR. Western Blot of stable clones revealed a five-fold induction of
ephrin B2 in KS-SLK transfected with vVGPCR compared to SLK-LANA or SLK-
LANAA440 (Fig. 16A). SLK transfected with vector alone (pCEFL) was used as a control.
SLK-vGPCR and SLK-pCEFL cells were also examined for ephrin B2 and Eph B4
expression by immunofluorescence in transiently transfected KS-SLK cells. Figure 16B
shows higher expression of ephrin B2 in the SLK-vGPCR cells compared to SLK-pCEFL.
No changes in EphB4 were observed in SLK-vGPCR compared to SLK-pCEFL. This
clearly demonstrates that SLK-vGPCR cells expressed high levels of ephrin B2 compared to
SLK-pCEFL cells. This suggests that vVGPCR of HHV-8 is directly involved in the
induction of Ephrin B2 and the arterial phenotype switch in KS. Since we had shown that
HHV-8 induced expression of ephrin B2 in HUVEC, we next asked if this could be
mediated by a transcriptional effect. Ephrin B2 5’-flanking DNA-luciferase reporter
plasmids were constructed and transiently transfected into HUVECs. Ephrin B2 5°-flanking
DNA sequences -2491/-11 have minimal activity in HUVEC cells (Figure 16C). This is
consistent with ephrin B2 being an arterial, not venous marker. However, we have noted
that HUVEC in culture do express some ephrin B2 at the RNA level. Cotransfection of
HHV-8 vGPCR induces ephrin B2 transcription approximately 10-fold compared to the
control expression vector pCEFL. Roughly equal induction was seen with ephrin B2
sequences -2491/-11, -1242/-11, or -577/-11, which indicates that elements between -577
and -11 are sufficient to mediate the response to vGPCR, although maximal activity is seen

with the -1242/-11 luciferase construct.

Example 5. Expression of EphB4 in Bladder cancer

Figure 17 shows expression of EphB4 in bladder cancer cell lines (A), and regulation

of EphB4 expression by EGFR signaling pathway (B).

Example 6. Production of Soluble EphB4 Polypeptides
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1) Mammalian expression vectors for producing recombinant soluble derivatives of

Ephrin B2 and Eph B4.

A vector comprising a human EphB4 (hB4) cDNA comprising the full length ORF
was amplified by PCR out with primers: GGATCCgccATGGAGCTCCGGGTGCTGCT
(5Bam-hB4) and GCGGCCGCTCAGTACTGCGGGGCCGGT (3Not1-B4), and cloned in
BamHI-Notl cut pRKS vector.

Sequence of BamHI-NotI-1 fragment with full length hB4 ORF

ggatccgecatggagetcegggtgetgetetgetgggettcgttggecgeagetttggaagagacccetgetgaacacaaaattggaa
actgctgatctgaagtgggtgacattccctcaggtggacgggeagtgggaggaactgageggectggatgaggaacageacage
gtgcgeacctacgaagtgtgtgaagtgeagegtgeeccgggecaggeccactggettegeacaggttgggtceccacggeggggc
geegtecacgtgtacgecacgetgegettcaccatgetegagtgectgteectgeetegggetgggegetectgeaaggagacctte
accgtcttctactatgagagegatgeggacacggecacggecctcacgecagectggatggagaacecctacatcaaggtggaca
cggtggeegeggageatctcacccggaagegecctggggecgaggecaccgggaaggtgaatgtcaagacgetgegtetggga
ccgetcageaaggetggcettetacetggecttccaggaccagggtgectgeatggecectgetatcectgeacctcttctacaaaaagt
gecgeccagetgactgtgaacctgactcgattcceggagactgtgectegggagetggttgtgeceegtggecggtagetgegtggtg
gatgecgtcccegecectggeecccagecccagectctactgeegtgaggatggecagtgggecgaacageeggtcacgggetge
agctgtgetceggggticgaggeagetgaggggaacaccaagtgecgageetgtgeccagggeaccttcaagecectgtcagga
gaagggtcctgccagecatgeccagecaatagecactctaacaccattggatcagecgtetgecagtgecgegtegggtactteeg
ggcacgcacagacccceggggtgeaccetgeaccaccectecttcggetcegeggagegtggtttceccgectgaacggetectee
ctgcacctggaatggagtgecccectggagtetggtggecgagaggacctcacctacgecctecgetgeegggagtgecgacee
ggaggctectgtgegeectgegggggagacctgacttttgaceccggececcgggacctggtggagecctgggtggtggticgag
ggctacgtcecggacttcacctatacctttgaggtcactgeattgaacggggtatcctecttagecacggggececgteecattigagect
gtcaatgtcaccactgaccgagaggtacctcctgeagtgtctgacatcegggtgacgeggtcetcacccageagettgageetgge
ctgggctgttcceegggeacceagtggggegtggetggactacgaggtcaaataccatgagaagggegecgagggtccecageag
cgtgcggttcctgaagacgtcagaaaaccgggeagagetgegggggctgaageggggagecagetacetggtgeaggtacggg
cgegetetgaggecggetacgggeecttcggecaggaacatcacagecagacccaactggatgagagegaggectgecgggag
cagctggecctgattgegggcacggeagtegtgggtgtggtectggtcetggtggteattgtggtegeagttetctgectcaggaage
agagcaatgggagagaagcagaatattcggacaaacacggacagtatctcatcggacatggtactaaggtctacatcgacccecttc
acttatgaagaccctaatgaggctgtgagggaatttgcaaaagagatcgatgtctcctacgtcaagattgaagaggtgattggtgeag
gtgagtttggcgaggtatgccgggggeggetcaaggecccagggaagaaggagagetgtgtggcaatcaagaccetgaagggt
ggctacacggageggeageggegtgagttictgagegaggectceatcatgggecagttcgageaccccaatatcatccgeetgg
agggcgtggtcaccaacageatgeccgtcatgattctcacagagttcatggagaacggegecctggactecticetgeggetaaac
gacggacagttcacagtcatccagetcgtgggeatgetgeggggeatcgectcgggeatgeggtaccttgeccgagatgagetacgt
ccaccgagacctggcetgetcgeaacatectagtcaacagcaacctegtetgeaaagtgtctgactttggectttccegattectggag
gagaactcttccgatcccacctacacgagetcectgggaggaaagattcccatccgatggactgecccggaggecattgecticeg
gaagttcacttccgecagtgatgectggagttacgggattgtgatgtgggaggtgatgtcatttggggagagpccgtactgggacat
gagcaatcaggacgtgatcaatgccattgaacaggactaccggetgeccecegeecccagactgtcccaccteecteccaccagetea
tgctggactgttggcagaaagaccggaatgeeccggecccgettcceccaggtggtcagegecctggacaagatgatceggaaccee
cgccagectcaaaatcgtggeccgggagaatggeggggcectcacaccectctectggaccageggeagectcactactcagettttg
getetgtgggegagtggcticgggecatcaaaatgggaagatacgaagaaagtttcgcagecgetggetttggetecticgagetgg
tcagccagatctctgetgaggacctgetccgaateggagtcactetggegggacaccagaagaaaatcttggecagtgtccageac
atgaagtcccaggccaagecgggaaccecgggtgggacaggaggaccggecccgeagtactgageggeege
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Another version of BamHI-NotI full length (FL) human EphB4 was also cloned.

The difference is the 3'-terminal PCR oligo primer used for cloning:
3Notl1-B4 GCGGCCGCTCAGTACTGCGGGGCCGGT
3Not2-B4 GCGGCCGCAGTTCCTGCAGGTCAAGTACT

Plasmids vectors for expressing recombinant soluble derivatives of Ephrin B2 and
EphB4 were based on pEF6/V5-His-TOPO vector (Invitrogen), pIG (Novagen) or pRKS.
pEF6/V5-His-TOPO contains human elongation factor 1c enhancer/promoter and blasticidin
resistance marker. pIG vector is designed for high-level expression of protein fusions with
Fc portion of human IgGlunder CMV promoter control and pRKS is a general purpose
CMYV promoter-containing mammalian expression vector. To generate plasmid construct
pEF6-B4EC-NT, cDNA fragment of human EphB4 was amplified by PCR using oligo
primers 5’-GGATCCGCC ATGGAGCTC CGGGTGCTGCT-3’ and 5’-TGGATCCCT
GCTCCCGC CAGCCCTCG CTCTCATCCA-3’, and TOPO-cloned into pEF6/V5-His-
TOPO vector. pEF6-hB4ECv3 was derived from pEF6-B4ECNT by digesting the plasmid
DNA with EcoRV and BstB], filling-in the ends with Klenow enzyme and religating the
vector. Recombinant EphB4 derivative encoded by pEF6-B4EC-NT does not contain
epitope- or purification tags, while the similar BAECv3 protein encoded by pEF6-hB4ECV3
contains V5 epitope tag and 6xHis tag on its C-terminus to facilitate purification from
conditioned media. Plasmid construct pEF6-hB2EC was created by PCR amplification of
Ephrin B2 cDNA using oligo primers 5°- TGGATCCAC CATGGCTGT GAGAAGGGAC-
3’ plus 5’~ATTAATGGTGATGGT GAT GATGACTAC CCACTTCGG AACCGAGGAT
GTTGTTC-3’ and TOPO-cloning into pEF6/V5-His-TOPO vector. Plasmid construct pIG-
hB2EC-FC was created by PCR amplification of Ephrin B2 cDNA with oligo primers 5’-
TAAAGCTTCCGCCATGG CTGTGAGAAGGGAC-3’ and 5’-TAGGATCCACTTCGGA
ACCGAGGATGTTGTT CCC-3’, followed by TOPO-cloning and sequencing the resulting
PCR fragment with consecutive subcloning in pIG hIgG1 Fc fusion expression vector cut
with Bam HI and Hind III. Similarly, pIG-hB2EC and pIG-hB4ECv3 were generated by
PCR amplifying portions of EphB4 ECD cDNA using oligo primers 5’-ATAAGCTTCC
GCCATGGAGC TCCGGGTGCTG-3’ plus 5’-TTGGATCCTGCTCCCG
CCAGCCCTCGC TCTCATC-3’ with consecutive subcloning into pIG higG1 Fc fusion
expression vector cut with Bam HI and Hind III. Predicted sequences of the proteins

encoded by the vectors described above.
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A construct encoding a truncated human EphB4 polypeptide comprising the globular
(G) and cysteine-rich domains (C), the “GC” polypeptide, was prepared by PCR

amplification using oligonucleotides:
58peB4  TACTAGTCCGCCATGGAGCTCCGGGTGCTGCT
3NotB4GC gcggccgcttaatggtgatggtgatgatgAGCCGAAGGAGGGGTGGTGCA
The amplified portion was cloned by TA cloning into pEF6.
Sequence of the cloned fragment (Spel-NotI fragment):

actagtccgccATGGAGCTCCGGGTGCTGCTCTGCTGGGCTTCGTTGGCCGCAGCTTTG
GAAGAGACCCTGCTGAACACAAAATTGGAAACTGCTGATCTGAAGTGGGTGAC
ATTCCCTCAGGTGGACGGGCAGTGGGAGGAACTGAGCGGCCTGGATGAGGAAC
AGCACAGCGTGCGCACCTACGAAGTGTGTGAAGTGCAGCGTGCCCCGGGCCAG
GCCCACTGGCTTCGCACAGGTTGGGTCCCACGGCGGGGCGCCGTCCACGTGTAC
GCCACGCTGCGCTTCACCATGCTCGAGTGCCTGTCCCTGCCTCGGGCTGGGCGC
TCCTGCAAGGAGACCTTCACCGTCTTCTACTATGAGAGCGATGCGGACACGGCC
ACGGCCCTCACGCCAGCCTGGATGGAGAACCCCTACATCAAGGTGGACACGGT
GGCCGCGGAGCATCTCACCCGGAAGCGCCCTGGGGCCGAGGCCACCGGGAAGG
TGAATGTCAAGACGCTGCGTCTGGGACCGCTCAGCAAGGCTGGCTTCTACCTGG
CCTTCCAGGACCAGGGTGCCTGCATGGCCCTGCTATCCCTGCACCTCTTCTACAA
AAAGTGCGCCCAGCTGACTGTGAACCTGACTCGATTCCCGGAGACTGTGCCTCG
GGAGCTGGTTGTGCCCGTGGCCGGTAGCTGCGTGGTGGATGCCGTCCCCGCCCC
TGGCCCCAGCCCCAGCCTCTACTGCCGTGAGGATGGCCAGTGGGCCGAACAGCC
GGTCACGGGCTGCAGCTGTGCTCCGGGGTTCGAGGCAGCTGAGGGGAACACCA
AGTGCCGAGCCTGTGCCCAGGGCACCTTCAAGCCCCTGTCAGGAGAAGGGTCCT
GCCAGCCATGCCCAGCCAATAGCCACTCTAACACCATTGGATCAGCCGTCTGCC
AGTGCCGCGTCGGGTACTTCCGGGCACGCACAGACCCCCGGGGTGCACCCTGCA
CCACCCCTCCTTCGGCTcatcatcaccatcaccattaageggecge

The sequence of the Globular domain + Cys-rich domain (B4EC-GC), precursor

protein is:
MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGLDE
EQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAG
RSCKETFTVFYYESDADTATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKV
NVKTLRLGPLSKAGFYLAFQDQGACMALLSLHLFYKKCAQLTVNLTRFPETVPREL
VVPVAGSCVVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRA

CAQGTFKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAH
HHHHH

For many uses, including therapeutic use, the leader sequence (first 15 amino acids,
so that the processed form begins Leu-Glu-Glu...) and the c-terminal hexahistidine tag may

be removed or omitted.

The plasmid for the GC protein has the sequence:
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AATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATA
TTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGA
AAAGTGCCACCTGACGTCGACGGATCGGGAGATCTCCCGATCCCCTATGGTCGA
CTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGC
TTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAG
GCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGC
GCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAG
GCTTTTGCAAAAAGCTTTGCAAAGATGGATAAAGTTTTAAACAGAGAGGAATCT
TTGCAGCTAATGGACCTTCTAGGTCTTGAAAGGAGTGCCTCGTGAGGCTCCGGT
GCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGG
AGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGG
AAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGT
ATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTT
ATGGCCCTTGCGTGCCTTGAATTACTTCCACCTGGCTGCAGTACGTGATTCTTGA
TCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGCGCTTAAGG
AGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCG
CGTGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTA
GCCATTTAAAATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTC
TTGTAAATGCGGGCCAAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGG
GCGGCGACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGCGGGGCCTG
CGAGCGCGGCCACCGAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCCTGC
TCTGGTGCCTGGCCTCGCGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCT
GGCCCGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGC
TGCAGGGAGCTCAAAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGT
CACCCACACAAAGGAAAAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACT
CCACGGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCGAGCTTTTGGA
GTACGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACA
CTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCT
TGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTCAGACAGT
GGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCGTGAGGAATTAGCTTGGTACTA
ATACGACTCACTATAGGGAGACCCAAGCTGGCTAGGTAAGCTTGGTACCGAGCT
CGGATCCACTAGTCCAGTGTGGTGGAATTGCCCTTtactagtccgcceATGGAGCTCCGG
GTGCTGCTCTGCTGGGCTTCGTTGGCCGCAGCTTTGGAAGAGACCCTGCTGAAC
ACAAAATTGGAAACTGCTGATCTGAAGTGGGTGACATTCCCTCAGGTGGACGGG
CAGTGGGAGGAACTGAGCGGCCTGGATGAGGAACAGCACAGCGTGCGCACCTA
CGAAGTGTGTGACGTGCAGCGTGCCCCGGGCCAGGCCCACTGGCTTCGCACAGG
TTGGGTCCCACGGCGGGGCGCCGTCCACGTGTACGCCACGCTGCGCTTCACCAT
GCTCGAGTGCCTGTCCCTGCCTCGGGCTGGGCGCTCCTGCAAGGAGACCTTCAC
CGTCTTCTACTATGAGAGCGATGCGGACACGGCCACGGCCCTCACGCCAGCCTG
GATGGAGAACCCCTACATCAAGGTGGACACGGTGGCCGCGGAGCATCTCACCC
GGAAGCGCCCTGGGGCCGAGGCCACCGGGAAGGTGAATGTCAAGACGCTGCGT
CTGGGACCGCTCAGCAAGGCTGGCTTCTACCTGGCCTTCCAGGACCAGGGTGCC
TGCATGGCCCTGCTATCCCTGCACCTCTTCTACAAAAAGTGCGCCCAGCTGACT
GTGAACCTGACTCGATTCCCGGAGACTGTGCCTCGGGAGCTGGTTGTGCCCGTG
GCCGGTAGCTGCGTGGTGGATGCCGTCCCCGCCCCTGGCCCCAGCCCCAGCCTC
TACTGCCGTGAGGATGGCCAGTGGGCCGAACAGCCGGTCACGGGCTGCAGCTG
TGCTCCGGGGTTCGAGGCAGCTGAGGGGAACACCAAGTGCCGAGCCTGTGCCC
AGGGCACCTTCAAGCCCCTGTCAGGAGAAGGGTCCTGCCAGCCATGCCCAGCCA
ATAGCCACTCTAACACCATTGGATCAGCCGTCTGCCAGTGCCGCGTCGGGTACT
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TCCGGGCACGCACAGACCCCCGGGGTGCACCCTGCACCACCCCTCCTTCGGCTca
tcatcaccatcaccattaageggccgc AAGGGCAATTCTGCAGATATCCAGCACAGTGGCGGCC
GCTCGAGTCTAGAGGGCCCGCGGTTCGAAGGTAAGCCTATCCCTAACCCTCTCC
TCGGTCTCGATTCTACGCGTACCGGTCATCATCACCATCACCATTGAGTTTAAAC
CCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAAT
AAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGG
GTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCA
TGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGG
GCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTG
TGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTC
CTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCT
CTAAATCGGGGCATCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACC
CCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGA
CGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTT
CCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGG
ATTTTGGGGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTT
AACGCGAATTAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAG
GCTCCCCAGGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACC
AGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCA
TCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTA
ACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTITA
TGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGG
CTTTTTIGGAGGCCTAGGCTTTTGCAAAAAGCTCCCGGGAGCTTGTATATCCATT
TTCGGATCTGATCAGCACGTGTTGACAATTAATCATCGGCATAGTATATCGGCA
TAGTATAATACGACAAGGTGAGGAACTAAACCATGGCCAAGCCTTTGTCTCAAG
AAGAATCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCT
CTGAAGACTACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCA
CTGGTGTCAATGTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCT
GGGCACTGCTGCTGCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGG
AAATGAGAACAGGGGCATCTTGAGCCCCTGCGGACGGTGTCGACAGGTGCTTCT
CGATCTGCATCCTGGGATCAAAGCGATAGTGAAGGACAGTGATGGACAGCCGA
CGGCAGTTGGGATTCGTGAATTGCTGCCCTCTGGTTATGTGTGGGAGGGCTAAG
CACTTCGTGGCCGAGGAGCAGGACTGACACGTGCTACGAGATTTCGATTCCACC
GCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGG
ATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGT
TTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAA
ATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGT
ATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGG
TCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATAC
GAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTC
ACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCC
AGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGG
CGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGC
GAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGG
GATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACC
GTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGC
ATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAA
AGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCC
TGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTC
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TCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTG
GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAAC
TATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCC
ACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTG
AAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCT
CTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAA
CAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGC
AGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCT
CAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAG
GATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGT
ATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCT
ATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGT
AGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATAC
CGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTA
TTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCA
ACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGC
TTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTG
TGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTG
GCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCA
TGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTG
AGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAA
TACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTC
GGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACC
CACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGG
TGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACAC
GGAAATGTTGAATACTCATACTCTTCCTTTTTC

A nucleic acid encoding truncated human EphB4 protein comprising the globular

domain, Cys-rich domain and the first FNIII domain (GCF) was prepared by PCR with

oligonucleotides:
5SpeB4  TACTAGTCCGCCATGGAGCTCCGGGTGCTGCT

3NotB4GCF1 -
AGCGGCCGCTTAATGGTGATGGTGATGATGGACATTGACAGGCTCAAATGGGA

TA cloned into pEF6. Sequence of the cloned fragment (Spel-Notl fragment):

tactagtccgcc ATGGAGCTCCGGGTGCTGCTCTGCTGGGCTTCGTTGGCCGCAG
CTTTGGAAGAGACCCTGCTGAACACAAAATTGGAAACTGCTGATCTGAAGTGGG
TGACATTCCCTCAGGTGGACGGGCAGTGGGAGGAACTGAGCGGCCTGGATGAG
GAACAGCACAGCGTGCGCACCTACGAAGTGTGTGAAGTGCAGCGTGCCCCGGG
CCAGGCCCACTGGCTTCGCACAGGTTGGGTCCCACGGCGGGGCGCCGTCCACGT
GTACGCCACGCTGCGCTTCACCATGCTCGAGTGCCTGTCCCTGCCTCGGGCTGG
GCGCTCCTGCAAGGAGACCTTCACCGTCTTCTACTATGAGAGCGATGCGGACAC
GGCCACGGCCCTCACGCCAGCCTGGATGGAGAACCCCTACATCAAGGTGGACA
CGGTGGCCGCGGAGCATCTCACCCGGAAGCGCCCTGGGGCCGAGGCCACCGGG
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AAGGTGAATGTCAAGACGCTGCGTCTGGGACCGCTCAGCAAGGCTGGCTTCTAC
CTGGCCTTCCAGGACCAGGGTGCCTGCATGGCCCTGCTATCCCTGCACCTCTTCT
ACAAAAAGTGCGCCCAGCTGACTGTGAACCTGACTCGATTCCCGGAGACTGTGC
CTCGGGAGCTGGTTGTGCCCGTGGCCGGTAGCTGCGTGGTGGATGCCGTCCCCG
CCCCTGGCCCCAGCCCCAGCCTCTACTGCCGTGAGGATGGCCAGTGGGCCGAAC
AGCCGGTCACGGGCTGCAGCTGTGCTCCGGGGTTCGAGGCAGCTGAGGGGAAC
ACCAAGTGCCGAGCCTGTGCCCAGGGCACCTTCAAGCCCCTGTCAGGAGAAGG
GTCCTGCCAGCCATGCCCAGCCAATAGCCACTCTAACACCATTGGATCAGCCGT
CTGCCAGTGCCGCGTCGGGTACTTCCGGGCACGCACAGACCCCCGGGGTGCACC
CTGCACCACCCCTCCTTCGGCTCCGCGGAGCGTGGTTTCCCGCCTGAACGGCTCC
TCCCTGCACCTGGAATGGAGTGCCCCCCTGGAGTCTGGTGGCCGAGAGGACCTC
ACCTACGCCCTCCGCTGCCGGGAGTGCCGACCCGGAGGCTCCTGTGCGCCCTGC
GGGGGAGACCTGACTTTTGACCCCGGCCCCCGGGACCTGGTGGAGCCCTGGGTG
GTGGTTCGAGGGCTACGTCCGGACTTCACCTATACCTTTGAGGTCACTGCATTG
AACGGGGTATCCTCCTTAGCCACGGGGCCCGTCCCATTTGAGCCTGTCAATGTC
CATCATCACCATCACCATTAAgcggecget

Sequence of the GCF precursor protein:

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGLDE
EQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAG
RSCKETFTVFYYESDADTATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKV
NVKTLRLGPLSKAGFYLAFQDQGACMALLSLHLFYKKCAQLTVNLTRFPETVPREL
VVPVAGSCVVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFAEGNTKCRACA
QGTFKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRS
VVSRLNGSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPRD
LVEPWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVHHHHHH

For many uses, including therapeutic use, the leader sequence (first 15 amino acids,
so that the processed form begins Leu-Glu-Glu...) and the c-terminal hexahistidine tag may

be removed or omitted.
Plasmid DNA sequence:

AATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGA
ATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGT
GCCACCTGACGTCGACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTC
AGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTG
TGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAA
GGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTG
CTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGGCTTT
TGCAAAAAGCTTTGCAAAGATGGATAAAGTTTTAAACAGAGAGGAATCTTTGCA
GCTAATGGACCTTCTAGGTCTTGAAAGGAGTGCCTCGTGAGGCTCCGGTGCCCG
TCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGG
TCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGT
GATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATA
AGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACA
CAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGC
CCTTGCGTGCCTTGAATTACTTCCACCTGGCTGCAGTACGTGATTCTTGATCCCG
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AGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGCGCTTAAGGAGCCC

CTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCGTGC
GAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCAT
TTAAAATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGTA
AATGCGGGCCAAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGCGGC
GACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGCGGGGCCTGCGAGC
GCGGCCACCGAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGT
GCCTGGCCTCGCGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGCCCG
GTCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGCTGCAGG
GAGCTCAAAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGTCACCCA
CACAAAGGAAAAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGG
AGTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCGAGCTTTTGGAGTACGT
CGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACACTGAGT
GGGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAAT
TTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTTCA
AAGTTTTTTTCTTCCATTTCAGGTGTCGTGAGGAATTAGCTTGGTACTAATACGA
CTCACTATAGGGAGACCCAAGCTGGCTAGGTAAGCTTGGTACCGAGCTCGGATC
CACTAGTCCAGTGTGGTGGAATTGCCCTTtactagtccgccATGGAGCTCCGGGTGCTG
CTCTGCTGGGCTTCGTTGGCCGCAGCTTTGGAAGAGACCCTGCTGAACACAAAA
TTGGAAACTGCTGATCTGAAGTGGGTGACATTCCCTCAGGTGGACGGGCAGTGG
GAGGAACTGAGCGGCCTGGATGAGGAACAGCACAGCGTGCGCACCTACGAAGT
GTGTGACGTGCAGCGTGCCCCGGGCCAGGCCCACTGGCTTCGCACAGGTTGGGT
CCCACGGCGGGGCGCCGTCCACGTGTACGCCACGCTGCGCTTCACCATGCTCGA
GTGCCTGTCCCTGCCTCGGGCTGGGCGCTCCTGCAAGGAGACCTTCACCGTCTTC
TACTATGAGAGCGATGCGGACACGGCCACGGCCCTCACGCCAGCCTGGATGGA
GAACCCCTACATCAAGGTGGACACGGTGGCCGCGGAGCATCTCACCCGGAAGC
GCCCTGGGGCCGAGGCCACCGGGAAGGTGAATGTCAAGACGCTGCGCCTGGGA
CCGCTCAGCAAGGCTGGCTTCTACCTGGCCTTCCAGGACCAGGGTGCCTGCATG
GCCCTGCTATCCCTGCACCTCTTCTACAAAAAGTGCGCCCAGCTGACTGTGAAC
CTGACTCGATTCCCGGAGACTGTGCCTCGGGAGCTGGTTGTGCCCGTGGCCGGT
AGCTGCGTGGTGGATGCCGTCCCCGCCCCTGGCCCCAGCCCCAGCCTCTACTGC
CGTGAGGATGGCCAGTGGGCCGAACAGCCGGTCACGGGCTGCAGCTGTGCTCC
GGGGTTCGAGGCAGCTGAGGGGAACACCAAGTGCCGAGCCTGTGCCCAGGGCA
CCTTCAAGCCCCTGTCAGGAGAAGGGTCCTGCCAGCCATGCCCAGCCAATAGCC
ACTCTAACACCATTGGATCAGCCGTCTGCCAGTGCCGCGTCGGGTACTTCCGGG
CACGCACAGACCCCCGGGGTGCACCCTGCACCACCCCTCCTTCGGCTCCGCGGA
GCGTGGTTTCCCGCCTGAACGGCTCCTCCCTGCACCTGGAATGGAGTGCCCCCC
TGGAGTCTGGTGGCCGAGAGGACCTCACCTACGCCCTCCGCTGCCGGGAGTGTC
GACCCGGAGGCTCCTGTGCGCCCTGCGGGGGAGACCTGACTTTTGACCCCGGCC
CCCGGGACCTGGTGGAGCCCTGGGTGGTGGTTCGAGGGCTACGTCCTGACTTCA
CCTATACCTTTGAGGTCACTGCATTGAACGGGGTATCCTCCTTAGCCACGGGGC
CCGTCCCATTTGAGCCTGTCAATGTCCATCATCACCATCACCATTAAgcggecgetAA
GGGCAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTCGAGTCTAGAGGGCCC
GCGGTTCGAAGGTAAGCCTATCCCTAACCCTCTCCTCGGTCTCGATTCTACGCGT
ACCGGTCATCATCACCATCACCATTGAGTTTAAACCCGCTGATCAGCCTCGACT
GTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGAC
CCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATC
GCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAG
CAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCT
CTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACG
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CGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGA
CCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTT
CTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGCATCCCTTTAG
GGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTG
ATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTT
GGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAA
CCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGGGGATTTCGGCCTATT
GGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTAATTCTGTGGAA
TGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGGCAGGCAGAAGTA
TGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCT
CCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATA
GTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATT
CTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTC
TGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTT
TTGCAAAAAGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAGCACGT
GTTGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTG
AGGAACTAAACCATGGCCAAGCCTTTGTCTCAAGAAGAATCCACCCTCATTGAA
AGAGCAACGGCTACAATCAACAGCATCCCCATCTCTGAAGACTACAGCGTCGCC
AGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGTGTCAATGTATATCATT
TTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTGCTGCTGCTGCGG
CAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACAGGGGCATCT
TGAGCCCCTGCGGACGGTGTCGACAGGTGCTTCTCGATCTGCATCCTGGGATCA
AAGCGATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGTGAA
TTGCTGCCCTCTGGTTATGTGTGGGAGGGCTAAGCACTTCGTGGCCGAGGAGCA
GGACTGACACGTGCTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTT
GGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGA
TCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGT
TACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTG
CATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATAC
CGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTG
AAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTG
TAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTC
ACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGG
CCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCT
CACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTC
AAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACA
TGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTG
GCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCA
AGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCC
TGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTG
TCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGT
ATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCC
CCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCC
GGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCA
GAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACG
GCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCT
TCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGC
GGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAA
GAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCA
CGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT
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TAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGT
CTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATT
TCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGA
GGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACC
GGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAA
GTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGC
TAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTAC
AGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCC
CAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGC
TCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCA
TGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTT
TTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCG
ACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAG
AACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAG
GATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAG
GCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCA
TACTCTTCCTTTTTC

A vector encoding truncated human EphB4 protein having the Globular, Cys-rich
and two FNIII domains with a c-terminal tag, GCF2 (v.3) was derived from pEF6-FL-
hB4EC by digesting with EcoRV and BstBI, treating with Klenow and religating.

Amino acid sequence of encoded FL-hB4EC precursor (His-tagged):

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGLDE
EQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAG
RSCKETFTVFYYESDADTATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKYV
NVKTLRLGPLSKAGFYLAFQDQGACMALLSLHLFYKKCAQLTVNLTRFPETVPREL
VVPVAGSCVVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRA
CAQGTFKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAP
RSVVSRLNGSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGP
RDLVEPWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDI
RVTRSSPSSLSLAWAVPRAPSGAWLDYEVKYHEKGAEGPSSVRFLKTSENRAELRG
LKRGASYLVQVRARSEAGYGPFGQEHHSQTQLDESEGWREQGSKRAILQIEGKPIP
NPLLGLDSTRTGHHHHHH

For many uses, including therapeutic use, the leader sequence (first 15 amino acids,
so that the processed form begins Leu-Glu-Glu...) and the c-terminal hexahistidine tag may

be removed or omitted.
Plasmid DNA sequence:

aatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggt
tccgegceacatttccccgaaaagtgecacctgacgtcgacggatcgggagatctece gatcccctatggtcgactctcagtacaatct
getctgatgecgeatagttaagecagtatetgetcectgettgtgtgttggaggtegetgagtagtgegegageaaaatttaagetaca
acaaggcaaggcttgaccgacaattgcatgaagaatctgcttagggttaggegttttgegetgettcgegatgtacgggecagatata
cgcgttgacattgattattgactaggettttgcaaaaagetitgcaaagatggataaagttttaaacagagaggaatctitgcagctaatg
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gaccttctaggtcttgaaaggagtgcctcgtgaggctccggtgcccgtcagtgggcagagcgcacatcgcccacagtccccgaga
agttggggggaggagtcggeaattgaaccggtgcctagagaaggtggegeggggtaaactgggaaagtgatgicgtgtactgget
ccgectttttcccgagggtgggggagaaccgtatataagtgeagtagtcgecgtgaacgtictitticgcaacgggtttgecgecaga
acacaggtaagtgccgtgtgtggttccegegggectggectcetttacgggttatggeccttgegtgecttgaattacttccacctgget
geagtacgtgattcttgatcccgagettcgggtiggaagtgggtgggagagticgaggecttgegettaaggagececcticgeetegt
gettgagttgaggectggectgggegetggggecgeegegtgegaatetggtggeaccttecgegecetgtetegetgetticgataag
tctctagccatttaaaatttttgatgacctgetgegacgcttttttictggeaagatagtcettgtaaatgegggecaagatetgeacactggt
atttcggtttttgggeccgegggeggegacggggecegtgegteccagegeacatgticggegaggeggggectgcgagegegg
ccaccgagaatcggacgggggtagtctcaagetggecggectgetetggtgeetggectegegeegeegtgtatcgeecegeect
gggcggeaaggetggeccggtcggeaccagttgegtgageggaaagatggeegettcceggeectgetgecagggagetcaaaat
ggaggacgeggegetcgggagagegggegggtgagicacccacacaaaggaaaagggecttteegtectcagecgtegeticat
gtgactccacggagtaccgggegecgtecaggeacctegattagtictcgagettttggagtacgtegtetttaggitggggggagg
ggttttatgcgatggagtttccccacactgagtgggtggagactgaagttaggecagettggeacttgatgtaattetecttggaatttge
cctttttgagtttggatcttggttcattctcaagectcagacagtggticaaagtttttttcttccatttcaggtgtcgtgaggaattagetigg
tactaatacgactcactatagggagacccaagetggetaggtaagettggtaccgageteggatecactagtccagtgtggtggaatt
geccttATAAGCTTCCGCCATGGAGCTCCGGGTGCTGCTCTGCTGGGCTTCGTTGGC
CGCAGCTTTGGAAGAGACCCTGCTGAACACAAAATTGGAAACTGCTGATCTGAA
GTGGGTGACATTCCCTCAGGTGGACGGGCAGTGGGAGGAACTGAGCGGCCTGG
ATGAGGAACAGCACAGCGTGCGCACCTACGAAGTGTGTGAAGTGCAGCGTGCC
CCGGGCCAGGCCCACTGGCTTCGCACAGGTTGGGTCCCACGGCGGGGCGCCGTC
CACGTGTACGCCACGCTGCGCTTCACCATGCTCGAGTGCCTGTCCCTGCCTCGG
GCTGGGCGCTCCTGCAAGGAGACCTTCACCGTCTTCTACTATGAGAGCGATGCG
GACACGGCCACGGCCCTCACGCCAGCCTGGATGGAGAACCCCTACATCAAGGT
GGACACGGTGGCCGCGGAGCATCTCACCCGGAAGCGCCCTGGGGCCGAGGCCA
CCGGGAAGGTGAATGTCAAGACGCTGCGTCTGGGACCGCTCAGCAAGGCTGGC
TTCTACCTGGCCTTCCAGGACCAGGGTGCCTGCATGGCCCTGCTATCCCTGCACC
TCTTCTACAAAAAGTGCGCCCAGCTGACTGTGAACCTGACTCGATTCCCGGAGA
CTGTGCCTCGGGAGCTGGTTGTGCCCGTGGCCGGTAGCTGCGTGGTGGATGCCG
TCCCCGCCCCTGGCCCCAGCCCCAGCCTCTACTGCCGTGAGGATGGCCAGTGGG
CCGAACAGCCGGTCACGGGCTGCAGCTGTGCTCCGGGGTTCGAGGCAGCTGAG
GGGAACACCAAGTGCCGAGCCTGTGCCCAGGGCACCTTCAAGCCCCTGTCAGG
AGAAGGGTCCTGCCAGCCATGCCCAGCCAATAGCCACTCTAACACCATTGGATC
AGCCGTCTGCCAGTGCCGCGTCGGGTACTTCCGGGCACGCACAGACCCCCGGGG
TGCACCCTGCACCACCCCTCCTTCGGCTCCGCGGAGCGTGGTTTCCCGCCTGAAC
GGCTCCTCCCTGCACCTGGAATGGAGTGCCCCCCTGGAGTCTGGTGGCCGAGAG
GACCTCACCTACGCCCTCCGCTGCCGGGAGTGCCGACCCGGAGGCTCCTGTGCG
CCCTGCGGGGGAGACCTGACTTTTGACCCCGGCCCCCGGGACCTGGTGGAGCCC
TGGGTGGTGGTTCGAGGGCTACGTCCGGACTTCACCTATACCTTTGAGGTCACT
GCATTGAACGGGGTATCCTCCTTAGCCACGGGGCCCGTCCCATTTGAGCCTGTC
AATGTCACCACTGACCGAGAGGTACCTCCTGCAGTGTCTGACATCCGGGTGACG
CGGTCCTCACCCAGCAGCTTGAGCCTGGCCTGGGCTGTTCCCCGGGCACCCAGT
GGGGCGTGGCTGGACTACGAGGTCAAATACCATGAGAAGGGCGCCGAGGGTCC
CAGCAGCGTGCGGTTCCTGAAGACGTCAGAAAACCGGGCAGAGCTGCGGGGGC
TGAAGCGGGGAGCCAGCTACCTGGTGCAGGTACGGGCGCGCTCTGAGGCCGGC
TACGGGCCCTTCGGCCAGGAACATCACAGCCAGACCCAACTGGATGAGAGCGA
GGGCTGGCGGGAGCAGGGATCCAAaagggcaattctgcagatcgaaggtaagectatccctaaccetetect
cggtctcgattctacgegtaccggtcatcatcaccatcaccattgagtttaaaccegetgatcagectegactgtgecttctagttgeca
gecatetgttgtttgececteceecgtgecttecttgaceetggaaggtgecactcecactgtectttcctaataaaatgaggaaattgea
tcgeattgtctgagtaggtgteattctattctggggggtegggtggggcaggacagcaagggggaggattgggaagacaatageag
geatgetggggatgeggtgggctetatggettctgaggeggaaagaaccagetggggetctagggggtatceccacgegecectgt
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agcggcgcattaagcgcggcgggtgtggtggttacgcgcagcgtgaccgctacacttgccagcgccctagcgcccgctcctttcg
ctttcttcectteetttctegecacgticgecggetticceegteaagetctaaatcggggeateectitagggttcegatttagtgetttac
ggeacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggecate gccctgatagacggtttttcgeectttgacgttg
gagtccac gttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgg
ggatttcggcctattggttaaaaaatgagetgatttaacaaaaatttaacgegaattaattctgtggaatgtgtgicagttagggtgtgga
aagtccccaggctccccaggcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggct
ccccagcaggeagaagtatgcaaageatgeatctcaattagtcageaaccatagtecegeccctaactce geccateceecgeccctaa
cteegeccagtteegeccattetee gececatggetgactaattttttitatttatgcagaggecgaggeegectetgecetetgagetatt
ccagaagtagtgaggaggctttittggaggcctaggcttitgcaaaaagetcecgggagetigtatatecattttcggatctgatcagea
c gtgttgacaattaatcatcggcatagtatatcggcatagtataatacgacaaggtgaggaactaaaccatggccaagcctttgtctca
agaagaatccaccctcattgaaagagcaac ggctacaatcaacagcatccccatctctgaagactacagegtegecagegeagete
tctctagegacggecegceatettcactggtgtcaatgtatatcattttactgggggaccttgtgeagaacte gtggtgctgggcactgetg
ctgctgeggeagetggeaacctgacttgtatcgtcgegatcggaaatgagaacaggggeatcttgageecetgeggacggtgicga
caggtgcttctcgatetgeatectgggatcaaagegatagtgaaggacagtgatggacagec gacggcagttgggattcgtgaattg
ctgeectetggttatgtgtggoaggoctaageacticgtggee gaggagcaggactgacacgtgctacgagatttcgattccaccge
cgcctictatgaaaggttgggettcggaategtittccgggacgeeggctggatgatectccagegeggggatetcatgetggagttc
ttc gcccaccccaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactg
cattctagttgtggtitgtccaaactcatcaatgtatcttatcatgtctgtataccgtcgacctetagetagagettggegtaatcatggtcat
agctgtttcctgtgtgaaattgttatce gctcacaattccacacaacatacgagecggaagcataaagtgtaaagectggggtgectaa
tgagtgagctaactcacattaattgegttgegetcactgeecgetticcagtcgggaaacctgtegtgecagetgeattaatgaatcgg
ccaacgcgeggggagaggeggtttgegtattgggegetcettccgettectegeteactgactegetgegeteggtegttcggetgeg
gegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaa
ggccagcaaaaggecaggaaccgtaaaaaggecgegttgetggegtttttccataggetcegeececectgacgageatcacaaaa
atcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggegtttcccectggaageteectc gtgegetet
cctgttccgaccectgeegcettaccggatacctgtcegectttetecctte gggaagegtggegcetttctcaatgetcacgetgtaggtat
ctcagttcggtgtaggtcgticgctccaagetgggetgtgtgcacgaacccecegttcageeccgacegetgegecttatceggtaact
atcgtcttgagtccaacccggtaagacacgacttatcgccactggcageagecactggtaacaggattagcagagegaggtatgta
ggeggtgctacagagttcttgaagtggtggectaactacggetacactagaaggacagtatttggtatctgegetetgetgaagecag
ttaccttcggaaaaagagttggtagetcttgatccggeaaacaaaccaccgetggtageggtggtitttttgttigcaageageagatta
cgcgeagaaaaaaaggatctcaagaagatcctttgatctttictacggggtetgacgetcagtggaacgaaaactcacgttaagggat
tttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaact
tggtctgacagttaccaatgcttaatcagtgaggeacctatctcagegatetgtetatticgttcatccatagttgectgactcecegtegt
gtagataactacgatacgggagggcttaccatctggecccagtgetgeaatgataccgegagacceac getcaccggcetecagattt
atcagcaataaaccagccagecggaagggecgagegeagaagtggtectgeaactttatcegectecatceagtetattaattgttge
cgggaagetagagtaagtagttcgecagttaatagtttgcgcaacgttgttgecattgetacaggeategtggtgtcac getegtegttt
ggtatggctteattcagetccggttcccaacgatcaaggegagttacatgateccecatgtigtgeaaaaaageggttagetectiegg
tcctecgategttgtcagaagtaagttggecgeagtgttatcactcatggttatggcageactgeataattctettactgtcatgecatee
gtaagatgetittctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgeggegaccgagttgetettgeecggegica
atacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaac gitcttcggggcgaaaactctcaaggatctt
accgctgttgagatccagttcgatgtaacccactegtgeacccaactgatcttcageatcttttactttcaccagegtttctgggtgagea
aaaacaggaaggcaaaatgccgcaaaaaagggaataagggegacacggaaatgttgaatactcatactcttecttttic

A vector encoding a truncated human EphB4 protein having the normal leader
sequence followed by the Cys-rich and two FNIII domains (CF2) was prepared by deleting
the globular domain. Overlap PCR was performed with oligonucleotides designed to delete
G:
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Fragment 1: 5'-primer - 5SpeB4
TACTAGTCCGCCATGGAGCTCCGGGTGCTGCT

3'-primer - 3RevB4 CAGCTGagtttccaattttgtgttc
Fragment 2:
5overB4 - gaacacaaaattggaaactCAGCTGACTGTGAACCTGAC
3NotB4GCF2 - GCGGCCGCCCTGCTCCCGCCAGCCCTCGCT

(adds NotI site after the C-terminal B4EC FL sequence after 2nd fibronectin repeat
to allow in-frame fusion to V5 and His-tag in pEF6). TA clone into pEF6, then cut with
Notl, gel-purify and self ligate.

Sequence of the cloned fragment (Spel-Notl fragment):

tactagtcegec ATGGAGCTCCGGGTGCTGCTCTGCTGGGCTTCGTTGGCCGCAG
CTTTGGAAGAGACCCTGCTGAACACAAAATTGGAAACTCAGCTGACTGTGAACC
TGACTCGATTCCCGGAGACTGTGCCTCGGGAGCTGGTTGTGCCCGTGGCCGGTA
GCTGCGTGGTGGATGCCGTCCCCGCCCCTGGCCCCAGCCCCAGCCTCTACTGCC
GTGAGGATGGCCAGTGGGCCGAACAGCCGGTCACGGGCTGCAGCTGTGCTCCG
GGGTTCGAGGCAGCTGAGGGGAACACCAAGTGCCGAGCCTGTGCCCAGGGCAC
CTTCAAGCCCCTGTCAGGAGAAGGGTCCTGCCAGCCATGCCCAGCCAATAGCCA
CTCTAACACCATTGGATCAGCCGTCTGCCAGTGCCGCGTCGGGTACTTCCGGGC
ACGCACAGACCCCCGGGGTGCACCCTGCACCACCCCTCCTTCGGCTCCGCGGAG
CGTGGTTTCCCGCCTGAACGGCTCCTCCCTGCACCTGGAATGGAGTGCCCCCCT
GGAGTCTGGTGGCCGAGAGGACCTCACCTACGCCCTCCGCTGCCGGGAGTGCCG
ACCCGGAGGCTCCTGTGCGCCCTGCGGGGGAGACCTGACTTTTGACCCCGGCCC
CCGGGACCTGGTGGAGCCCTGGGTGGTGGTTCGAGGGCTACGTCCGGACTTCAC
CTATACCTTTGAGGTCACTGCATTGAACGGGGTATCCTCCTTAGCCACGGGGCC
CGTCCCATTTGAGCCTGTCAATGTCACCACTGACCGAGAGGTACCTCCTGCAGT
GTCTGACATCCGGGTGACGCGGTCCTCACCCAGCAGCTTGAGCCTGGCCTGGGC
TGTTCCCCGGGCACCCAGTGGGGCGTGGCTGGACTACGAGGTCAAATACCATGA
GAAGGGCGCCGAGGGTCCCAGCAGCGTGCGGTTCCTGAAGACGTCAGAAAACC
GGGCAGAGCTGCGGGGGCTGAAGCGGGGAGCCAGCTACCTGGTGCAGGTACGG
GCGCGCTCTGAGGCCGGCTACGGGCCCTTCGGCCAGGAACATCACAGCCAGAC
CCAACTGGATGAGAGCGAGGGCTGGCGGGAGCAGGgceggeege

CF2, precursor:

MELRVLLCWASLAAALEETLLNTKLETQLTVNLTRFPETVPRELVVPVAGSC
VVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGTFKP
LSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVVSRLN
GSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPRDLVEPWV
VVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVTRSSPSS
LSLAWAVPRAPSGAWLDYEVKYHEKGAEGPSSVRFLKTSENRAELRGLKRGASYL
VQVRARSEAGYGPFGQEHHSQTQLDESEGWREQGGRSSLEGPRFEGKPIPNPLLGL
DSTRTGHHHHHH
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Plasmid DNA sequence:

AATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATA
TTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGA
AAAGTGCCACCTGACGTCGACGGATCGGGAGATCTCCCGATCCCCTATGGTCGA
CTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGC
TTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAG
GCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGC
GCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAG
GCTTTTGCAAAAAGCTTTGCAAAGATGGATAAAGTTTTAAACAGAGAGGAATCT
TTGCAGCTAATGGACCTTCTAGGTCTTGAAAGGAGTGCCTCGTGAGGCTCCGGT
GCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGG
AGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGG
AAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGT
ATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTT
ATGGCCCTTGCGTGCCTTGAATTACTTCCACCTGGCTGCAGTACGTGATTCTTGA
TCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGCGCTTAAGG
AGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCG
CGTGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTA
GCCATTTAAAATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTC
TTGTAAATGCGGGCCAAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGG
GCGGCGACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGCGGGGCCTG
CGAGCGCGGCCACCGAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCCTGC
TCTGGTGCCTGGCCTCGCGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCT
GGCCCGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGC
TGCAGGGAGCTCAAAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGT
CACCCACACAAAGGAAAAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACT
CCACGGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCGAGCTTTTGGA
GTACGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACA
CTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCT
TGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTCAGACAGT
GGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCGTGAGGAATTAGCTTGGTACTA
ATACGACTCACTATAGGGAGACCCAAGCTGGCTAGGTAAGCTTGGTACCGAGCT
CGGATCCACTAGTCCAGTGTGGTGGAATTGCCCTTtactagtccgccATGGAGCTCCGG
GTGCTGCTCTGCTGGGCTTCGTTGGCCGCAGCTTTGGAAGAGACCCTGCTGAAC
ACAAAATTGGAAACTCAGCTGACTGTGAACCTGACTCGATTCCCGGAGACTGTG
CCTCGGGAGCTGGTTGTGCCCGTGGCCGGTAGCTGCGTGGTGGATGCCGTCCCC
GCCCCTGGCCCCAGCCCCAGCCTCTACTGCCGTGAGGATGGCCAGTGGGCCGAA
CAGCCGGTCACGGGCTGCAGCTGTGCTCCGGGGTTCGAGGCAGCTGAGGGGAA
CACCAAGTGCCGAGCCTGTGCCCAGGGCACCTTCAAGCCCCTGTCAGGAGAAG
GGTCCTGCCAGCCATGCCCAGCCAATAGCCACTCTAACACCATTGGATCAGCCG
TCTGCCAGTGCCGCGTCGGGTACTTCCGGGCACGCACAGACCCCCGGGGTGCAC
CCTGCACCACCCCTCCTTCGGCTCCGCGGAGCGTGGTTTCCCGCCTGAACGGCTC
CTCCCTGCACCTGGAATGGAGTGCCCCCCTGGAGTCTGGTGGCCGAGAGGACCT
CACCTACGCCCTCCGCTGCCGGGAGTGTCGACCCGGAGGCTCCTGTGCGCCCTG
CGGGGGAGACCTGACTTTTGACCCCGGCCCCCGGGACCTGGTGGAGCCCTGGGT
GGTGGTTCGAGGGCTACGTCCTGACTTCACCTATACCTTTGAGGTCACTGCATTG
AACGGGGTATCCTCCTTAGCCACGGGGCCCGTCCCATTTGAGCCTGTCAATGTC
ACCACTGACCGAGAGGTACCTCCTGCAGTGTCTGACATCCGGGTGACGCGGTCC

-55-



10

15

20

25

30

35

40

45

50

WO 2006/034456 PCT/US2005/034179

TCACCCAGCAGCTTGAGCCTGGCCTGGGCTGTTCCCCGGGCACCCAGTGGGGCT
GTGCTGGACTACGAGGTCAAATACCATGAGAAGGGCGCCGAGGGTCCCAGCAG
CGTGCGGTTCCTGAAGACGTCAGAAAACCGGGCAGAGCTGCGGGGGCTGAAGC
GGGGAGCCAGCTACCTGGTGCAGGTACGGGCGCGCTCTGAGGCCGGCTACGGG
CCCTTCGGCCAGGAACATCACAGCCAGACCCAACTGGATGAGAGCGAGGGCTG
GCGGGAGCAGGgeggecgcTCGAGTCTAGAGGGCCCGCGGTTCGAAGGTAAGCCTA
TCCCTAACCCTCTCCTCGGTCTCGATTCTACGCGTACCGGTCATCATCACCATCA
CCATTGAGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCA
TCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCA
CTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTC
ATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAA
GACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGA
AAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATT
AAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGC
CCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCT
TTCCCCGTCAAGCTCTAAATCGGGGCATCCCTTTAGGGTTCCGATTTAGTGCTTT
ACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCC
ATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAAT
AGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTT
TTGATTTATAAGGGATTTTGGGGATTTCGGCCTATTGGTTAAAAAATGAGCTGA
TTTAACAAAAATTTAACGCGAATTAATTCTGTGGAATGTGTGTCAGTTAGGGTG
TGGAAAGTCCCCAGGCTCCCCAGGCAGGCAGAAGTATGCAAAGCATGCATCTC
AATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAG
TATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCC
GCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGA
CTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCC
AGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCCGG
GAGCTTGTATATCCATTTTCGGATCTGATCAGCACGTGTTGACAATTAATCATCG
GCATAGTATATCGGCATAGTATAATACGACAAGGTGAGGAACTAAACCATGGC
CAAGCCTTTGTCTCAAGAAGAATCCACCCTCATTGAAAGAGCAACGGCTACAAT
CAACAGCATCCCCATCTCTGAAGACTACAGCGTCGCCAGCGCAGCTCTCTCTAG
CGACGGCCGCATCTTCACTGGTGTCAATGTATATCATTTTACTGGGGGACCTTGT
GCAGAACTCGTGGTGCTGGGCACTGCTGCTGCTGCGGCAGCTGGCAACCTGACT
TGTATCGTCGCGATCGGAAATGAGAACAGGGGCATCTTGAGCCCCTGCGGACG
GTGTCGACAGGTGCTTCTCGATCTGCATCCTGGGATCAAAGCGATAGTGAAGGA
CAGTGATGGACAGCCGACGGCAGTTGGGATTCGTGAATTGCTGCCCTCTGGTTA
TGTGTGGGAGGGCTAAGCACTTCGTGGCCGAGGAGCAGGACTGACACGTGCTA
CGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTT
TCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCT
TCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATA
GCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTT
GTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAG
AGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCA
CAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCC
TAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGT
CGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGA
GGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCT
CGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGT
TATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAG
CAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTC
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CGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAA
CCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCG
CTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCG
GGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAG
GTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGC
TGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTA
TCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGG
CGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGAC
AGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGG
TAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGC
AAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTT
TCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTC
ATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGT
TTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGC
TTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTG
CCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCC
CCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAG
CAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTA
TCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCG
CCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCAC
GCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGT
TACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATC
GTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTG
CATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGT
ACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCC
CGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCA
TCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGA
GATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTAC
TTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAA
AGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTC

A vector encoding a preferred GCF2 truncated protein, lacking any c-terminal tags,
such as a hexahistidine tag was derived from pEF6-B4ECv3-V5-His by re-amplifying the 3’
(C-terminal) part of B4ECv3 to eliminate V5 and His tags ands subcloning back into pEF6-
B4ECv3-V5-His.

PCR primers used: IntB4-3: CATTGGATCAGCCGTCTGCC and
B4ECV3FIN (tgtttaaacTTACTGCTCCCGCCAGCCCTCGCTCTCATCCAGTT).

The fragment with the correct N-terminal part of B4ECv3 was cut out from pEF6-
B4ECv3-V5-His and subcloned into Kpn I-cut pEF6-Int3-B4ECV3FIN intermediate

construct.
Sequence of the whole HindIII-Pmel fragment is:

AAGCTTCCGCCATGGAGCTCCGGGTGCTGCTCTGCTGGGCTTCGTTGGCC
GCAGCTTTGGAAGAGACCCTGCTGAACACAAAATTGGAAACTGCTGATCTGAA
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GTGGGTGACATTCCCTCAGGTGGACGGGCAGTGGGAGGAACTGAGCGGCCTGG
ATGAGGAACAGCACAGCGTGCGCACCTACGAAGTGTGTGAAGTGCAGCGTGCC
CCGGGCCAGGCCCACTGGCTTCGCACAGGTTGGGTCCCACGGCGGGGCGCCGTC
CACGTGTACGCCACGCTGCGCTTCACCATGCTCGAGTGCCTGTCCCTGCCTCGG
GCTGGGCGCTCCTGCAAGGAGACCTTCACCGTCTTCTACTATGAGAGCGATGCG
GACACGGCCACGGCCCTCACGCCAGCCTGGATGGAGAACCCCTACATCAAGGT
GGACACGGTGGCCGCGGAGCATCTCACCCGGAAGCGCCCTGGGGCCGAGGCCA
CCGGGAAGGTGAATGTCAAGACGCTGCGTCTGGGACCGCTCAGCAAGGCTGGC
TTCTACCTGGCCTTCCAGGACCAGGGTGCCTGCATGGCCCTGCTATCCCTGCACC
TCTTCTACAAAAAGTGCGCCCAGCTGACTGTGAACCTGACTCGATTCCCGGAGA
CTGTGCCTCGGGAGCTGGTTGTGCCCGTGGCCGGTAGCTGCGTGGTGGATGCCG
TCCCCGCCCCTGGCCCCAGCCCCAGCCTCTACTGCCGTGAGGATGGCCAGTGGG
CCGAACAGCCGGTCACGGGCTGCAGCTGTGCTCCGGGGTTCGAGGCAGCTGAG
GGGAACACCAAGTGCCGAGCCTGTGCCCAGGGCACCTTCAAGCCCCTGTCAGG
AGAAGGGTCCTGCCAGCCATGCCCAGCCAATAGCCACTCTAACACCATTGGATC
AGCCGTCTGCCAGTGCCGCGTCGGGTACTTCCGGGCACGCACAGACCCCCGGGG
TGCACCCTGCACCACCCCTCCTTCGGCTCCGCGGAGCGTGGTTTCCCGCCTGAAC
GGCTCCTCCCTGCACCTGGAATGGAGTGCCCCCCTGGAGTCTGGTGGCCGAGAG
GACCTCACCTACGCCCTCCGCTGCCGGGAGTGCCGACCCGGAGGCTCCTGTGCG
CCCTGCGGGGGAGACCTGACTTTTGACCCCGGCCCCCGGGACCTGGTGGAGCCC
TGGGTGGTGGTTCGAGGGCTACGTCCGGACTTCACCTATACCTTTGAGGTCACT
GCATTGAACGGGGTATCCTCCTTAGCCACGGGGCCCGTCCCATTTGAGCCTGTC
AATGTCACCACTGACCGAGAGGTACCTCCTGCAGTGTCTGACATCCGGGTGACG
CGGTCCTCACCCAGCAGCTTGAGCCTGGCCTGGGCTGTTCCCCGGGCACCCAGT
GGGGCGTGGCTGGACTACGAGGTCAAATACCATGAGAAGGGCGCCGAGGGTCC
CAGCAGCGTGCGGTTCCTGAAGACGTCAGAAAACCGGGCAGAGCTGCGGGGGC
TGAAGCGGGGAGCCAGCTACCTGGTGCAGGTACGGGCGCGCTCTGAGGCCGGC
TACGGGCCCTTCGGCCAGGAACATCACAGCCAGACCCAACTGGATGAGAGCGA
GGGCTGGCGGGAGCAGTAAgtttaaac

The precursor sequence of the preferred GCF2 protein (also referred to herein as

GCF2F) is:

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGLDEEQHSV
RTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAGRSCKE
TFTVFYYESDADTATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKVNVKTL
RLGPLSKAGFYLAFQDQGACMALLSLHLFYKKCAQLTVNLTRFPETVPRELVVPVA
GSCVVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGT
FKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVVS
RLNGSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPRDLVE
PWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVTRS
SPSSLSLAWAVPRAPSGAWLDYEVKYHEKGAEGPSSVRFLKTSENRAELRGLKRGA
SYLVQVRARSEAGYGPFGQEHHSQTQLDESEGWREQ |

The processed sequence is:
LEETLLNTKLETADLKWVTFPQVDGQWEELSGLDEEQHSVRTYEVCEVQRA

PGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAGRSCKETFTVFYYESDAD
TATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKVNVKTLRLGPLSKAGFYL
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AFQDQGACMALLSLHLFYKKCAQ LTVNLTRFPETVPRELVVPVAGSCVVDAVPAP
GPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGTFKPLSGEGSCQP
CPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVVSRLNGSSLHLEWS
APLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPRDLVEPWVVVRGLRPDF
TYTFEVTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVTRSSPSSLSLAWAVPR
APSGAWLDYEVKYHEKGAEGPSSVRFLKTSENRAELRGLKRGASYLVQVRARSEA
GYGPFGQEHHSQTQLDESEGWREQ

2) Mammalian cell culture and transfections

HEK293T (human embryonic kidney line) cells were maintained in DMEM with
10% dialyzed fetal calf serum and 1% penicillin/streptomycin/neomycin antibiotics. Cells
were maintained at 37 °C in a humidified atmosphere of 5% CO2/95% air. Transfections
were performed using Lipofectamine 2000 reagent (Invitrogen) according to the
manufacturer’s protocol. One day before transfections, 293T cells were seeded at a high
density to reach 80% confluence at the time of transfection. Plasmid DNA and
Lipofectamine reagent at 1:3 ratio were diluted in Opti-MEM I reduced serum medium
(Invitrogen) for 5 min and mixed together to form DNA:Lipofectamine complex. For each
10 cm culture dish, 10 pg of plasmid DNA was used. After 20 min, above complex was
added directly to cells in culture medium. After 16 hours of transfection, medium was
aspirated, washed once with serum free DMEM and replaced with serum free DMEM.
Secreted proteins were harvested after 48 hours by collecting conditional medium.
Conditional medium was clarified by centrifugation at 10,000 g for 20 min, filtered through

0.2 um filter and used for purification.
3) Generating stable cell lines

To create stable cell lines producing EphB4ECv3 and EphB4ECnt HEK293 or
HEK293T cells were transfected with either pEF6-B4ECv3 or pEF6-B4EC-NT plasmid
constructs as described above and selected using antibiotic Blasticidin. After 24 hours of
transfection, cells were seeded at low density. Next day, cells were treated with 10 pg/ml of
Blasticidin. After two weeks of drug selection, surviving cells were pooled and selected
further for single cell clone expansion. After establishing stable cells, they were maintained
at 4 pg/ml Blasticidin. Conditioned media were tested to confirm expression and secretion
of the respective recombinant proteins. Specificity of expression was confirmed by Western
blot with anti-B4 monoclonal or polyclonal antibodies and B2EC-AP reagent binding and

competition assays.

4) Protein purification
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HEK293 cells were transiently transfected with a plasmid encoding secreted form of
EphB4ectodomain (B4ECv3). Conditional media was harvested and supplemented with 10
mM imidazole, 0.3 M NaCl and centrifuged at 20,000g for 30 min to remove cell debris and
insoluble particles. 80 ml of obtained supernatant were applied onto the pre-equilibrated
column with 1 ml of Ni-NTA-agarose (Qiagen) at the flow rate of 10 ml/h. After washing
the column with 10 ml of 50 mM Tris-HCI, 0.3 M NaCl and 10 mM imidazole, pH 8,
remaining proteins were eluted with 3 ml of 0.25 M imidazole. Eluted proteins were
dialyzed against 20 mM Tris-HCI, 0.15 M NaCl, pH 8 overnight. Purity and identity of
B4ECv3 was verified by PAGE/Coomassie G-250 and Western blot with anti-Eph.B4
antibody. Finally, the concentration of BAECv3 was measured, and the protein was

aliquoted and stored at -70 °C.
B4EC-FC protein and B2EC-FC protein were similarly purified.
Generation of an EphB4-Serum Albumin fusion protein:

Human serum albumin fragment in Xbal-Notl form was PCRed out for creating
fusion with GCF2 to extend GCF2 half-life and TA-cloned in pEF6. In the next step, the
resulting vector was cut with Xba I (partial digestion) and the HSA fragment (1.8 kb) was
cloned into Xba I site of pEF6-GCF2-Xba to create fusion expression vector. The resulting
vector had a point mutation C to T leading to Thr to Ile substitution in position 4 of the
mature protein. It was called pEF6-GCF2-HSAmut. In the next cloning step, the mutation
was removed by substituting wild type Kpnl fragment from pEF6-GCF2-IF (containing
piece of the vector and N-terminal part of GCF2) for the mutated one, this final vector was
called pEF6-GCF2. Note that N-terminal junction site has changed as a result because the
new Kpn fragment came from a different GCF2 expression vector. The DNA sequence of

pEF6-GCF2 was confirmed.
The amino acid of the HSA-EphB4 precursor protein is as follows:

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGLDEEQHSV
RTYEVCDVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAGRSCKE

TFTVFYYESDADTATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKVNVKTL
RLGPLSKAGFYLAFQDQGACMALLSLHLFYKKCAQLTVNLTRFPETVPRELVVPVA
GSCVVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGT
FKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVVS

RLNGSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPRDLVE

PWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVTRS
SPSSLSLAWAVPRAPSGAVLDYEVKYHEKGAEGPSSVRFLKTSENRAELRGLKRGA
SYLVQVRARSEAGYGPFGQEHHSQTQLDESEGWREQSRDAHKSEVAHRFKDLGEE
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NFKALVLIAFAQYLQQCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDK
LCTVATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFH
DNEETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKLDE
LRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLT
KVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAEVEND
EMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAK
TYETTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNCELFKQLGEYKFQNAL
LVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCV
LHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEK
ERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGK
KLVAASQAALGL

The mature form of the HSA-EphB4 protein is as follows

LEETLLNTKLETADLKWVTFPQVDGQWEELSGLDEEQHSVRTYEVCDVQRAPGQA
HWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAGRSCKETFTVFYYESDADTATA
LTPAWMENPYIKVDTVAAEHL TRKRPGAEATGKVNVKTLRLGPLSKAGFYLAFQD
QGACMALLSLHLFYKKCAQLTVNLTRFPETVPRELVVPVAGSCVVDAVPAPGPSPS
LYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGTFKPLSGEGSCQPCPAN
SHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVVSRLNGSSLHLEWSAPLE
SGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPRDLVEPWVVVRGLRPDFTYTF
EVTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVTRSSPSSLSLAWAVPRAPS
GAVLDYEVKYHEKGAEGPSSVRFLKTSENRAELRGLKRGASYLVQVRARSEAGYG
PFGQEHHSQTQLDESEGWREQSRDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQ
QCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEM
ADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIA
RRHPYFY APELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKASSAKQRL
KCASLQKFGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKVHTECCHGDLLEC
ADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFV
ESKDVCKNYAEAKDVFLGMFLYEY ARRHPDYSVVLLLRLAKTYETTLEKCCAAAD
PHECY AKVFDEFKPLVEEPQNLIKQNCELFKQLGEYKFQNALLVRYTKKVPQVSTP
TLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKC
CTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELV
KHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGL

The DNA sequence of the pEF6-GCF2 is as follows:

aatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatitagaaaaataaacaaataggggttccgege
acatttccccgaaaagtgecacctgacgtecgacggategggagatctcecgatecectatggtegactctcagtacaatetgetetgat
gccgcatagttaagccagtatctgctccctgcttgtgtgttggaggtcgctgagtagtgcgcgagcaaaatttaagctacaacaaggc
aaggcttgaccgacaattgcatgaagaatctgettagggttaggegttttgegetgeticgegatgtac gggccagatatacgegttga
cattgattattgactaggcttttgcaaaaagctttgcaaagatggataaagttttaaacagagaggaatctttgcagctaatggaccttcta
ggtcttgaaaggagtgcctcgtgaggctccggtgcccgtcagtgggcagagcgcacatcgcccacagtccccgagaagttgggg
ggaggggtcggcaattgaaccggtgectagagaaggtggcgeggggtaaactgggaaagtgatgtegtgtactggetee geetttt
tcccgagggtgggggagaaccgtatataagtgcagtagtcgecgtgaac gttctttttcgcaacgggtttgecgecagaacacaggt
aagtgcegtgtgtggttcecegegggecetggectetttac gggttatggcccttgegtgecttgaattacttccacctggetgeagtacgt
gattcttgatcccgagettcgggtiggaagtgggtgggagagttcgaggecttgegettaaggageccecttegeetegtgettgagit
gaggcectggectgggegetggggeegeegegtgegaatetggtggeaccttegegectgtete getgctttcgataagtctctagee
atttaaaatttttgatgacctgctgegacgctttttttctggeaagatagtcttgtaaatgecgggecaagatctgeacactggtatttcggttt
ttggggecgegggeggcgacggggeccgtgegteccagegeacatgticggegaggeggggectgegagegeggecacega
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gaatcggacgggggtagtctcaagctggccggcctgctctggtgcctggcctcgcgccgccgtgtatcgccccgccctgggcggc
aaggctggcccggﬁcggcaccagﬁgcgtgagcggaaagatggccgcﬁcccggccctgctgcagggagctcaaaatggaggac
geggegetegggagageggecgggtgagtcacccacacaaaggaaaagggectttce gtcctcageegtegettcatgtgactee
acggagtaccgggegecgtccaggcacctegattagttetc gagcttttggagtacgtcgtetttaggttggggggagggettttatg
cgatgga gtttccccacactgagtgggtggagactgaagttaggccagcttggcacttgatgtaattctccttggaatttgccctttttga
gtttggatcttggttcattctcaageetcagacagtggticaaagtttttttcttceatttcaggtgtc gtgaggaattagcttggtactaata
cgactcactatagggagacccaagetggcetaggtaagetiggtaccgagetc ggatccactagtccagtgtggtggaattgcccttC
AAGCTTGCCGCCACCATGGAGCTCCGGGTGCTGCTCTGCTGGGCTTCGTTGGCC
GCAGCTTTGGAAGAGACCCTGCTGAACACAAAATTGGAAACTGCTGATCTGAA
GTGGGTGACATTCCCTCAGGTGGACGGGCAGTGGGAGGAACTGAGCGGCCTGG
ATGAGGAACAGCACAGCGTGCGCACCTACGAAGTGTGTGACGTGCAGCGTGCC
CCGGGCCAGGCCCACTGGCTTCGCACAGGTTGGGTCCCACGGCGGGGCGCCGTC
CACGTGTACGCCACGCTGCGCTTCACCATGCTCGAGTGCCTGTCCCTGCCTCGG
GCTGGGCGCTCCTGCAAGGAGACCTTCACCGTCTTCTACTATGAGAGCGATGCG
GACACGGCCACGGCCCTCACGCCAGCCTGGATGGAGAACCCCTACATCAAGGT
GGACACGGTGGCCGCGGAGCATCTCACCCGGAAGCGCCCTGGGGCCGAGGCCA
CCGGGAAGGTGAATGTCAAGACGCTGCGCCTGGGACCGCTCAGCAAGGCTGGC
TTCTACCTGGCCTTCCAGGACCAGGGTGCCTGCATGGCCCTGCTATCCCTGCACC
TCTTCTACAAAAAGTGCGCCCAGCTGACTGTGAACCTGACTCGATTCCCGGAGA
CTGTGCCTCGGGAGCTGGTTGTGCCCGTGGCCGGTAGCTGCGTGGTGGATGCCG
TCCCCGCCCCTGGCCCCAGCCCCAGCCTCTACTGCCGTGAGGATGGCCAGTGGG
CCGAACAGCCGGTCACGGGCTGCAGCTGTGCTCCGGGGTTCGAGGCAGCTGAG
GGGAACACCAAGTGCCGAGCCTGTGCCCAGGGCACCTTCAAGCCCCTGTCAGG
AGAAGGGTCCTGCCAGCCATGCCCAGCCAATAGCCACTCTAACACCATTGGATC
AGCCGTCTGCCAGTGCCGCGTCGGGTACTTCCGGGCACGCACAGACCCCCGGGG
TGCACCCTGCACCACCCCTCCTTCGGCTCCGCGGAGCGTGGTTTCCCGCCTGAAC
GGCTCCTCCCTGCACCTGGAATGGAGTGCCCCCCTGGAGTCTGGTGGCCGAGAG
GACCTCACCTACGCCCTCCGCTGCCGGGAGTGTCGACCCGGAGGCTCCTGTGCG
CCCTGCGGGGGAGACCTGACTTTTGACCCCGGCCCCCGGGACCTGGTGGAGCCC
TGGGTGGTGGTTCGAGGGCTACGTCCTGACTTCACCTATACCTTTGAGGTCACTG
CATTGAACGGGGTATCCTCCTTAGCCACGGGGCCCGTCCCATTTGAGCCTGTCA
ATGTCACCACTGACCGAGAGGTACCTCCTGCAGTGTCTGACATCCGGGTGACGC
GGTCCTCACCCAGCAGCTTGAGCCTGGCCTGGGCTGTTCCCCGGGCACCCAGTG
GGGCTGTGCTGGACTACGAGGTCAAATACCATGAGAAGGGCGCCGAGGGTCCC
AGCAGCGTGCGGTTCCTGAAGACGTCAGAAAACCGGGCAGAGCTGCGGGGGCT
GAAGCGGGGAGCCAGCTACCTGGTGCAGGTACGGGCGCGCTCTGAGGCCGGCT
ACGGGCCCTTCGGCCAGGAACATCACAGCCAGACCCAACTGGATGAGAGCGAG
GGCTGGCGGGAGCAGtctagalGATGCACACAAGAGTGAGGTTGCTCATCGGTTTAA
AGATTTGGGAGAAGAAAATTTCAAAGCCTTGGTGTTGATTGCCTTTGCTCAGTA
TCTTCAGCAGTGTCCATTTGAAGATCATGTAAAATTAGTGAATGAAGTAACTGA
ATTTGCAAAAACATGTGTAGCTGATGAGTCAGCTGAAAATTGTGACAAATCACT
TCATACCCTTTTTGGAGACAAATTATGCACAGTTGCAACTCTTCGTGAAACCTAT
GGTGAAATGGCTGACTGCTGTGCAAAACAAGAACCTGAGAGAAATGAATGCTT
CTTGCAACACAAAGATGACAACCCAAACCTCCCCCGATTGGTGAGACCAGAGG
TTGATGTGATGTGCACTGCTTTTCATGACAATGAAGAGACATTTTTGAAAAAAT
ACTTATATGAAATTGCCAGAAGACATCCTTACTTTTATGCCCCGGAACTCCTTTT
CTTTGCTAAAAGGTATAAAGCTGCTTTTACAGAATGTTGCCAAGCTGCTGATAA
AGCTGCCTGCCTGTTGCCAAAGCTCGATGAACTTCGGGATGAAGGGAAGGCTTC
GTCTGCCAAACAGAGACTCAAATGTGCCAGTCTCCAAAAATTTGGAGAAAGAG
CTTTCAAAGCATGGGCAGTGGCTCGCCTGAGCCAGAGATTTCCCAAAGCTGAGT
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TTGCAGAAGTTTCCAAGTTAGTGACAGATCTTACCAAAGTCCACACGGAATGCT
GCCATGGAGATCTGCTTGAATGTGCTGATGACAGGGCGGACCTTGCCAAGTATA
TCTGTGAAAATCAGGATTCGATCTCCAGTAAACTGAAGGAATGCTGTGAAAAAC
CTCTGTTGGAAAAATCCCACTGCATTGCCGAAGTGGAAAATGATGAGATGCCTG
CTGACTTGCCTTCATTAGCTGCTGATTTTGTTGAAAGTAAGGATGTTTGCAAAAA
CTATGCTGAGGCAAAGGATGTCTTCCTGGGCATGTTTTTGTATGAATATGCAAG
AAGGCATCCTGATTACTCTGTCGTGCTGCTGCTGAGACTTGCCAAGACATATGA
AACCACTCTAGAGAAGTGCTGTGCCGCTGCAGATCCTCATGAATGCTATGCCAA
AGTGTTCGATGAATTTAAACCTCTTGTGGAAGAGCCTCAGAATTTAATCAAACA
AAACTGTGAGCTTTTTAAGCAGCTTGGAGAGTACAAATTCCAGAATGCGCTATT
AGTTCGTTACACCAAGAAAGTACCCCAAGTGTCAACTCCAACTCTTGTAGAGGT
CTCAAGAAACCTAGGAAAAGTGGGCAGCAAATGTTGTAAACATCCTGAAGCAA
AAAGAATGCCCTGTGCAGAAGACTATCTATCCGTGGTCCTGAACCAGTTATGTG
TGTTGCATGAGAAAACGCCAGTAAGTGACAGAGTCACAAAATGCTGCACAGAG
TCCTTGGTGAACAGGCGACCATGCTTTTCAGCTCTGGAAGTCGATGAAACATAC
GTTCCCAAAGAGTTTAATGCTGAAACATTCACCTTCCATGCAGATATATGCACA
CTTTCTGAGAAGGAGAGACAAATCAAGAAACAAACTGCACTTGTTGAGCTTGTG
AAACACAAGCCCAAGGCAACAAAAGAGCAACTGAAAGCTGTTATGGATGATIT
CGCAGCTTTTGTAGAGAAGTGCTGCAAGGCTGACGATAAGGAGACCTGCTTTGC
CGAGGAGGGTAAAAAACTTGTTGCTGCAAGTCAAGCTGCCTTAGGCTTATAAtag
c ggccgcttaagggcaattctgcagatatccagcacagtggcggcc gctegagtctagagggeccgeggttcgaaggtaagectat
ccctaaccctetecteggtetegattctacgegtaccggtcatcatcaccatcaccattgagtttaaacccgetgatcagectegactgt
gecttetagttgecagecatetgttgtttgeccctececcgtgecttecttgacectggaaggtgecacteecactgtectticctaataaa
atgaggaaattgcatcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggaggattgg
gaagacaatagcaggcatgetggggatgeggtgggctetatggettctgaggeggaaagaaccagetggggetctagggggtate
cccacgegeectgtagecggegeattaagegeggegggtgtggtggttacgegeagegtgacegetacacttgecagegecctage
geeegctectttegetttcttcecttectttetcgecacgttcgecggetttceccgtcaagetctaaate ggggceatccctttagggttee
gatttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggecatcgecctgatagacggtititc
geectitgacgttggagtccacgttctitaatagtggactcttgttccaaactggaacaacactcaaccctatetc ggtctattcttttgattt
ataagggattttggggatttcggectattggttaaaaaatgagetgatitaacaaaaatttaacgegaattaattctgtggaatgtgtgtca
gttagggtgtggaaagtccccaggetecccaggeaggeagaagtatgecaaageatgeatetcaattagtcageaaccaggtgtgga
aagtccccaggetccccageaggeagaagtatgcaaageatgeatctcaattagtcageaaccatagtcecgeccctaacteegee
catccegeccctaactccgeccagttccgeccattetccgecccatggetgactaattttttttatttatgecagaggecgaggeegecte
tgcctctgagetattccagaagtagtgaggaggcttitttggaggcectaggettttgcaaaaagetcecgggagettgtatatecatttic
ggatctgatcagcacgtgttgacaattaatcatcggeatagtatatcggeatagtataatacgacaaggtgaggaactaaaccatgge
caagcctttgtctcaagaagaatccaccetcattgaaagageaacggcetacaatcaacageatececatctctgaagactacagegtc
geccagegeagcetetctetage gacggecgeatcttcactggtgtcaatgtatatcattttactgggggaccttgtgeagaactegtggt
getgggeactgetgetgetgeggeagetggeaacctgacttgtatcgtegegate ggaaatgagaacaggggcatcttgageecct
geggacggtgtcgacaggtgettctcgatetgeatectgggatcaaagegatagtgaaggacagtgatggacageegac ggeagtt
gggattcgtgaattgetgeectetggttatgtgtgggaggectaageacttcgtggecgaggageaggactgacacgtgetacgaga
tttcgattccaccgecgecttctatgaaaggttgggettcggaategttticcgggacgecggetggatgatcctccagegeggggat
ctcatgctggagttcttcgeccaccccaacttgtttattgecagettataatggttacaaataaageaatageatcacaaatttcacaaataa
agcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtetgtatace gtcgacctctagetagagettgg
cgtaatcatggtcatagetgtttcctgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaageataaagtgtaaag
cctggggtgcctaatgagtgagetaactcacattaattgegttgegeteactgecegetticcagtecgggaaacctgtegtgecagetg
cattaatgaatcggccaacgegeggggagaggceggtitgegtattgggegetettcegettcetegeteactgacte getgegeteg
gtegttcggetgeggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaaga
acatgtgagcaaaaggccagcaaaaggecaggaaccgtaaaaaggeegegttgetggegtttticcataggeteegeceecctga
cgagcatcacaaaaatcgacgetcaagtcagaggtggegaaaccegacaggactataaagataccaggegtitcccectggaage
tccetegtgegetetectgttcegaccetgecgettaccggatacctgtecgectitcteceticgggaagegtggegettictcaatget
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cacgctgtaggtatctcagttcggtgtaggtegticgetccaagetgggcetgtgtgeacgaacceeccgticageeegaccgetgeg
ccttatccggtaactategtcttgagtccaacceggtaagacacgacttatcgecactggeageagecactggtaacaggattageag
agcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggetacactagaaggacagtatttggtatctgeget
ctgctgaagecagttaccttcggaaaaagagttggtagetcttgatccggeaaacaaaccace getggtageggtggtttttttgtttec
aagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatetttictacggggtetgacgetcagtggaac gaaaact
cacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagta
tatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggeacctatctcagegatctgtetatttcgticatccatagttgect
gactccccgtegtgtagataactacgatacgggagggcttaccatctggeeccagtgetgeaatgatacege gagacccacgctca
ccggetccagatttatcagcaataaaccagecagecggaagggecgage gcagaagtggtcctgeaactttatccgectccateca
gtctattaattgttgccgggaagctagagtaagtagttc gccagttaatagtttgcgcaacgttgttgecattgetacaggeatcgtggtg
tcacgctegtegtttggtatggcttcattcagetecggticecaacgatcaaggegagttacatgatcccccatgttgtgecaaaaaage
ggttagetcettcggtectecgategttgtcagaagtaagttggee geagtgttatcactcatggttatggeagcactgeataattctctta
ctgtcatgccatccgtaagatgettttctgtgactggtgagtactcaaccaa gtcattctgagaatagtgtatgcggcgaccgagttget
cttgcceggegtcaatacgggataataccgegecacatageagaactttaaaagtgetcatcattggaaaacgticticggggcgaaa
actctcaaggatcttaccgetgttgagatccagticgatgtaacccactegtgeacccaactgateticageatcttttactttcaccage
gtttctgggtgagcaaaaacaggaaggceaaaatgecgeaaaaaagggaataa gggegacacggaaatgttgaatactcatactett
cctttttc

A. Cell culture and transfections:

The human embryonic kidney cell line, 293T cells, were maintained in DMEM with
10% dialyzed fetal calf serum and 1% penicillin/streptomycin/neomycin antibiotics. Cells

were maintained at 37 °C in a humidified atmosphere of 5% C02/95% air.

Transfections of plasmids encoding EphB4 ectodomain, fragments thereof, and
EphB4-HSA fusions were performed using Lipofectamine 2000 reagent (Invitrogen)
according to suggested protocol. One day before transfections, 293T cells were seeded at a
high density to reach 80% confluence at the time of transfection. Plasmid DNA and
Lipofectamine reagent at 1:3 ratio were diluted in Opti-MEM I reduced serum medium
(Invitrogen) for 5 min and mixed together to form DNA-Lipofectamine complex. For each
10 cm culture dish, 10 ug of plasmid DNA was used. After 20 min, the above complex was
added directly to cells in culture medium. After 16 hours of transfection, medium was
aspirated, washed once with serum free DMEM and replaced with serum free DMEM.
Secreted proteins were harvested after 48 hours by collecting conditional medium.
.Conditional medium was clarified by centrifugation at 10,000 g for 20 min and filtered

through 0.2 p filter and used for purification.

B. Chromatographic separation of EphB4 ectodomain and EphB4 ectodomain-HSA

fusion protein

The EphB4 ectodomain fused to HSA was purified as follows: 700 ml of media was

harvested from transiently transfected 293 cells grown in serum free media and concentrated
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up to final volume of 120 ml. Membrane: (Omega, 76 mm), 50 kDa C/O. After
concentration, pH of the sample was adjusted by adding 6 m! of 1M NaAc, pH 5.5. Then-
sample was dialyzed against starting buffer (SB): 20 mM NaAc, 20 mM NaCl, pH 5.5 for
O/N. 5 ml of SP-Sepharose was equilibrated with SB and sample was loaded. Washing:
100 ml of SB. Elution by NaCl: 12 ml/fraction and increment of 20 mM. Most of the
EphrinB2 binding activity eluted in the 100mM and 120mM fractions.

Fractions, active in EphrinB2 binding assay (See SP chromatography, fractions #
100-120 mM) were used in second step of purification on Q-column. Pulled fractions were
dialyzed against starting buffer#2 (SB2): 20 mM Tris-HCI, 20 mM NaCl, pH 8 for O/N and
loaded onto 2 ml of Q-Sepharose. After washing with 20 ml of SB2, absorbed protein was
eluted by NaCl: 3 ml/fraction with concentrational increment of 25 mM. Obtained fractions
were analyzed by PAGE and in Ephrin-B2 binding assay. The 200 mM and 225 mM

fractions were found to contain the most protein and the most B2 binding activity.

Soluble EphB4 ectodomain protein was purified as follows: 300 ml of conditional
medium (see: Cell culture and transfections) were concentrated up to final volume of 100
ml, using ultrafiltration membrane with 30 kDa C/O. After concentration, pH of the sample
was adjusted by adding 5 ml of 1 M Na-Acetate, pH 5.5. Then sample was dialyzed against
starting buffer (StB): 20 mM Na-Acetate, 20 mM NaCl, pH 5.5 for O/N. 5 ml of SP-
Sepharose was equilibrated with StB and sample was loaded. After washing the column
with 20 ml of StB, absorbed proteins were eluted by linear gradient of concentration of
NaCl (20-250 mM and total elution volume of 20 column’s volumes). Purity of the proteins

was analyzed by PAGE.

INCORPORATION BY REFERENCE

All publications and patents mentioned herein are hereby incorporated by reference
in their entirety as if each individual publication or patent was specifically and individually

indicated to be incorporated by reference.

While specific embodiments of the subject disclosure have been discussed, the above
specification is illustrative and not restrictive. Many variations of the disclosure will
become apparent to those skilled in the art upon review of this specification and the claims
below. The full scope of the disclosure should be determined by reference to the claims,

along with their full scope of equivalents, and the specification, along with such variations,
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WE CLAIM:

1.

10.

11.

A method for identifying a tumor that is suitable for treatment with an inhibitor of
EphB4 expression or function, the method comprising detecting in a tumor a cell

having one or more of the following characteristics:

(a) abnormally high expression of EphB4 protein;

(b) abnormally high expression of EphB4 mRNA; and

(c) gene amplification of the EphB4 gene;

wherein a cell having one or more of characteristics (a), (b) and/or (c) is suitable for

treatment with an inhibitor of EphB4 expression or function.

The method of claim 1, wherein the tumor is selected from the group consisting of a
squamous cell carcinoma of the head and neck (HNSCC), a prostate tumor cell,a
colorectal carcinoma cell, a lung tumor cell, a bladder tumor cell, and a brain tumor

cell.

A method for evaluating gene amplification of the EphB4 gene in a test cell,
comprising detecting the EphB4 gene copy number in a test cell, wherein an increase
in the EphB4 gene copy number in the test cell relative to that in a control cell is
indicative of gene amplification of the EphB4 gene in the test cell.

The method of claim 3, wherein the EphB4 gene copy number is detected by a
hybridization-based assay.

The method of claim 4, wherein the hybridization-based assay is selected from the
group consisting of Southern blot, in situ hybridization (ISH), and comparative

genomic hybridization (CGH).

The method of claim 3, wherein the EphB4 gene copy number is detected by an

amplification-based assay.
The method of claim 6, wherein the amplification-based assay is a quantative PCR.

The method of claim 3, wherein the EphB4 gene copy number is detected by using a

microarray-based platform.
The method of claim 3, wherein the test cell is a mammalian cell.
The method of claim 9, wherein the test cell is a human cell.

The method of claim 3, wherein the test cell is a tumor cell.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

The method of claim 11, wherein the tumor cell is selected from the group consisting
of a squamous cell carcinoma of the head and neck (HNSCC), a prostate tumor cell,
a breast tumor cell, a colorectal carcinoma cell, a lung tumor cell, a bladder tumor

cell, and a brain tumor cell.

The method of claim 3, wherein the test cell is obtained from a subject suspected of

having a tumor.

The method of claim 3, wherein the test cell is obtained from a subject that is known

to have a tumor.
The method of claim 14, wherein the test cell is obtained from tumor tissue.
The method of claim 14, wherein the test cell is obtained from a primary tumor.

The method of claim 14, wherein the test cell is obtained from a tissue that is

suspected of harboring metastatic cells derived from the primary tumor.

The method of claim 17, wherein the test cell is obtained from lymph nodes or bone

marrow.

The method of claim 3, wherein the test cell is present in a bodily fluid selected from
the group consisting of blood, serum, plasma, a blood-derived fraction, lymph fluid,

pleural fluid, stool, urine, and a colonic effluent.

The method of claim 3, wherein the control cell has an EphB4 gene copy number of
two copies per cell.

The method of claim 3, wherein the test cell is present in a pool of test cells.

A method for evaluating the cancer status of a cell in a subject, comprising:

a) obtaining a test cell from a subject suspected of having or known to have a tumor;
b) detecting the EphB4 gene copy number in the test cell,

wherein an increase in the EphB4 gene copy number in the test cell relative to that in

a control cell indicates that the test cell is a tumor cell.

The method of claim 22, wherein the EphB4 gene copy number is detected by a
hybridization-based assay.

The method of claim 22, wherein the EphB4 gene copy number is detected by an
amplification-based assay.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

The method of claim 22, wherein the EphB4 gene copy number is detected by using

a microarray-based platform.

The method of claim 22, wherein the test cell is a mammalian cell.
The method of claim 26, wherein the test cell is a human cell.

The method of claim 22, wherein the test cell is a tumor cell.

The method of claim 28, wherein the tumor cell is selected from the group consisting
of a squamous cell carcinoma of the head and neck (HNSCC), a prostate tumor cell,
a breast tumor cell, a colorectal carcinoma cell, a lung tumor cell, a bladder tumor

cell, and a brain tumor cell.

The method of claim 22, wherein the test cell is obtained from the primary tumor

tissue.

The method of claim 22, wherein the test cell is obtained from a tissue that is
suspected of harboring metastatic cells derived from the primary tumor.

The method of claim 22, wherein the test cell is obtained from lymph nodes or bone

marrow.

The method of claim 22, wherein the test cell is present in a bodily fluid selected
from the group consisting of blood, serum, plasma, a blood-derived fraction, lymph

fluid, stool, urine, and a colonic effluent.
The method of claim 22, wherein the test cell is present in a pool of test cells.

A method for evaluating the prognosis of a subject, comprising:
a) obtaining a test cell from a subject suspected of having or known to have a tumor;
b) detecting an indicator of elevated EphB4 activity in the test cell,

wherein an increase in the indicator of EphB4 activity in the test cell relative to that
in a control cell indicates that the subject is at increased risk for having or developing

a metastatic cancer.
The method of claim 35, wherein the indicator of EphB4 activity is EphB4 mRNA.

The method of claim 35, wherein the indicator of EphB4 activity is EphB4 protein.
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38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51,

52.

The method of claim 35, wherein the indicator of EphB4 activity is EphB4 gene copy

number.

The method of claim 36, wherein the EphB4 mRNA is detected by a hybridization-
based assay using an EphB4 nucleotide probe.

The method of claim 36, wherein the EphB4 mRNA is detected by an amplification-

based assay using an EphB4 nucleotide primer.
The method of claim 39 or 40, wherein the nucleotide probe or primer is labeled.

The method of claim 37, wherein the EphB4 protein is detected by an immuno-assay
using an EphB4 antibody.

The method of claim 42, wherein the EphB4 antibody is selected from the group
consisting of EphB4 antibody Nos. 1, 23, 35,47, 57,79, 85L, 85H, 91, 98, 121, 131,
and 138.

The method of claim 42, wherein the antibody is labeled.

The method of claim 35, wherein the indicator of EphB4 activity is detected by using

a microarray-based platform.

The method of claim 35, wherein the increase of the indicator of EphB4 activity in
the test cell is at least three fold relative to that in a control cell.

The method of claim 35, wherein the test cell is a mammalian cell.
The method of claim 47, wherein the test cell is a human cell.
The method of claim 35, wherein the test cell is a tumor cell.

The method of claim 35, wherein the tumor cell is selected from the group consisting
of a squamous cell carcinoma of the head and neck (HNSCC), a prostate tumor cell,
a breast tumor cell, a colorectal carcinoma cell, a lung tumor cell, a bladder tumor

cell, and a brain tumor cell.

The method of claim 35, wherein the test cell is obtained from the primary tumor

tissue.

The method of claim 35, wherein the test cell is obtained from a tissue that suspected

of having metastatic cells derived from the primary tumor.
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53.

54.

55.

56.

57.

58.

59.

60.

61.

The method of claim 35, wherein the test cell is obtained from lymph nodes or bone

marrow.

The method of claim 35, wherein the test cell is present in a bodily fluid selected
from the group consisting of blood, serum, plasma, a blood-derived fraction, lymph

fluid, stool, urine, and a colonic effluent.
The method of claim 35, wherein the test cell is present in a pool of test cells.

A kit for detecting gene amplification of the EphB4 gene in a test cell, comprising:

a) one or more nucleic acid capable of hybridizing to the EphB4 gene under high
stringency conditions; and
b) a control nucleic acid comprising human genomic DNA having one copy of

EphB4 at the normal position.

The kit of claim 56, wherein said one or more nucleic acid is used in a hybridization-

based assay as a probe.

The kit of claim 56, wherein said one or more nucleic acid is used in an
amplification-based assay as a primer.
A kit for detecting gene amplification of the EphB4 gene in a test cell, comprising:

a) one or more nucleic acid capable of hybridizing to the EphB4 gene under high
stringency conditions; and

b) at least one control cell line that exhibits a mean of about 2 copies of EphB4 gene.
The kit of claim 59, further comprising at least one control cell line that exhibits a
mean of about 4 copies of EphB4 gene.

A method for treating a patient suffering from a cancer, comprising:

(a) identifying in the patient a tumor having a plurality of tumor cells having a gene
amplification of the EphB4 gene; and

(b) administering to the patient an EphB4-selective therapeutic compound selected

from the group consisting of:

(i) a nucleic acid compound that hybridizes to an EphB4 transcript under
physiological conditions and decreases the expression of EphB4 in a cell; and

(ii) a polypeptide that inhibits a cellular function of EphB4.
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Amino acid sequence of the B4ECv3 protein

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSG
LDEEQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTM
LECLSLPRAGRSCKETFTVFYYESDADTATALTPAWMENPYIKVDTV
AAEHLTRKRPGAEATGKVNVKTLRLGPLSKAGFYLAFQDQGACMALL
SLHLFYKKCAQLTVNLTRFPETVPRELVVPVAGSCVVDAVPAPGPSP
SLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGTFKPLSGE
GSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRS
VVSRLNGSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGD
LTFDPGPRDLVEPWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFE
PVNVTTDREVPPAVSDIRVTRSSPSSLSLAWAVPRAPSGAWLDYEVK
YHEKGAEGPSSVRFLKTSENRAELRGLKRGASYLVQVRARSEAGYGP
FGQEHHSQTQLDESEGWREQGSKRAILQIEGKPIPNPLLGLDSTRTG
HHHHHH '

Fig. 1
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Amino acid sequence of the B4ECV3NT protein

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGL
DEEQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLE
CLSLPRAGRSCKETFTVFYYESDADTATALTPAWMENPYIKVDTVAAE
HLTRKRPGAEATGKVNVKTLRLGPLSKAGFYLAFQDQGACMALLSLHL
FYKKCAQLTVNLTRFPETVPRELVVPVAGSCVVDAVPAPGPSPSLYCR'
EDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGTFKPLSGEGSCQPC
PANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVVSRLNG
SSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPR
DLVEPWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVTTDRE
VPPAVSDIRVTRSSPSSLSLAWAVPRAPSGAWLDYEVKYHEKGAEGPS
SVRFLKTSENRAELRGLKRGASYLVQVRARSEAGYGPFGQEHHSQTQL
DESEGWREQGSKRAILQISSTVAAARV

Fig. 2



WO 2006/034456 PCT/US2005/034179
3/54

Arh-in"o' acid sequence of the BZEC pfotein

MAVRRDSVWKYCWGVLMVLCRTAISKS IVLEPIYWNSSNSKFLPGQGL
VLYPQIGDKLDITI CPKVDSKTVGQYEYYKVYMVDKDQADRCTIKKENT
PLLNCAKPDQDIKFTIKFQEFSPNLWGLEFQKNKDYYIT STSNGSLEG
LDNQEGGVCQTRAMKILMKVGQDAS SAGSTRNKDPTRRPELEAGTNGR
SSTTSPFVKPNPGSSTDGNSAGHSGNNILGSEVGSHHHHHEH

Fig. 3
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- Amino acid sequence of the B4ECv3-FC protein

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEEL
SGLDEEQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATL
 RFTMLECLSLPRAGRSCKETFTVFYYESDADTATALTPAWMENPY
IKVDTVAAEHLTRKRPGAEATGKVNVKTLRLGPLSKAGFYLAFQD
QGACMALLSLHLFYKKCAQLTVNLTRFPETVPRELVVPVAGSCVV
DAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRA
CAQGTFKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDP
RGAPCTTPPSAPRSVVSRLNGSSLHLEWSAPLESGGREDLTYALR
CRECRPGGSCAPCGGDLTFDPGPRDLVEPWVVVRGLRPDFTYTFE
VTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVTRSSPSSL
SLAWAVPRAPSGAWLDYEVKYHEKGAEGPSSVRFLKTSENRAELR
GLKRGASYLVQVRARSEAGYGPFGQEHHSQTQLDESEGWREQDPE
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTL
PPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL
SLSPGK ‘ :

Fig. 4
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Amino acid sequence of the B2EC-FC 'pfote'in |

MAVRRDSVWKYCWGVLMVLCRTAISKSIVLEPIYWNSSNSKFLPGQ
GLVLYPQIGDKLDIICPKVDSKTVGQYEYYKVYMVDKDQADRCTIK
KENTPLLNCAKPDQDIKFTIKFQEFSPNLWGLEFQKNKDYYIISTS
NGSLEGLDNQEGGVCQTRAMKILMKVGQDASSAGSTRNKDPTRRPE
LEAGTNGRSSTTSPFVKPNPGSSTDGNSAGHSGNNILGSEVDPEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRD
ELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

Fig. 5
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Domain structure of the recombinant
soluble EphB4EC proteins
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ggggtttcat
ctectgectece
tttctttacc
cctctggaca
atggggtgac
cceecetggge
aaacgcagtc
ccgcagcaag

ggcecteegt:

ggcctgtece
ccgecacgge
Ccaaactttc
gaattattca
cgttgggaga
gcccagttece
tctcectecee
cactcggece
ggctcageece
cacgtcttgce
cgecgcgegeg
cgcatgggece
cgecccaggga
ccgagtgagg
ctttggaagg
cccaacatct
cagtcccaaa
cgacgggtag
acattccect
tttcectttee
ccteeegecg

tegtgectagg

ccagttccac
ccgcteteee
tgcaccccat
ttgagaccta
acagccccca
atttctttgg

agaaactctc’

tctggtatga
agcggegtta
aaggctaggt
gggaacaaaa
acgaggtgtg
tgagtgttte

catgttggec
caaaatgctg
gttgtttect
tttttcaggg
tgtgtgaacg
ggccgtcaat
cctgcgececa
gtcagagecgg
gttgetgctg
gggggtccct
gcacatctgg
tctcaacttc

gtagcgtgag

.getgeeeceg

agcgcagcete
tccegetecy
ggcggcgega
ccgecacceeg
tgcgegeceg
gcacagacgc
cgegcetgagg
gagtcagacc
cggecgeccatg
tgagtttccet
gggcctegga
cacttcggac
tggagtttte
gcccgggete
tcecctaccec
tacatgaggg
ccctaaaacg

actcctgcaa

gcccactget
ccctttaaat
ggagcgggta
catcgcecta
ccatggatcg
ctgtgtccet
aagtggttat
gaaaaaccct
gtggggttgg
accatgaacg
gtgagaagga
caagcaccag
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-EphB4 gene

aggctggtcet
ggactacagg
cgatttttet
cttggttgeg
ttcgctgeaa
tcteccaaage
ctagagggtg
gctttgtgtg
ggtgtgtgtt
gggccccage
gcggtececgg
ccgacctget
ctccaatcag
cceceecegege
agccectgee
tceecgeteg
gcagagccac
gggcgggacc
cccggegegg
ggggccacac
gccccgacga
tgggggggcg
gagctccggg
tgcggggggg
gtggagggge
cgatagtgcet
ttttgtttgg
cccgaactcet
actattcaaa
aaggtttctg
acccecageg
caggatggcc
cctgecectg
gcggtcectaga
gaaactgacc

-actaacccag

ctgtecctee
aatgtcecttt
ggggcggtag
ctcececectgg
gagtgagggg
aggggaagag
aagacgcaaa
gcctgggctg

Fig. 18A
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cgtgagccac
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cgcacagtag
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ggttcctcac
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aggcttgece
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gaggaaatgg
agcgccttac
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acctcaaatg
cgecgcecgee
gcgcagctta
gtccccaaca
actgggattg
ttttccttce
ccaagagcgg
atttacgtge
cctggtgcececa
tcggtectgg
cecgecegeccec
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gctcactege
ccegggeeeg
cgeceggete
atcccegeece
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ggagggaccc
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aaactcagtt
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gg9999cg9g999
gagtctggct
tacatacgce
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gcteoettggt
aggtgagtcce
ccaggtagaa
acctecctggt
aagggggagc
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ggggtggaaa
tgattgtgac
aaatattaat
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ggagecccceg
gcgecegecceg
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gcgaggagag
gcgagcggcece
caactccage
gceecgeegec
ccecgecacgcet
ggcgtecacc
cggatcctac
ttggccgecag

ggacctcece

ccgggeactg
aagaggcgcece
acgacccggg
cctggctgcc
cccagtccca
gcacaacttt
ccttgatecct
aacccccaaa
ttctacagge
cgggcttccc
actgacctac
ctctccaage
caagagccct
cctttetetg
ggaaggattc
ctggggatca
acggagaagg
aaccacgagg
acctattacc
ttcacccatce
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cagcaacgct
tagttaaggt
gccgaaageg
gaggagagat
gggacgcaga
tgtgtaaatt
agcctctate
tcttgecace
ccctagetgg
cttctctect
tceccagegece
ctccactctce
cctgtecect
cgecececcceag
gcgggagect
gggagggagyg
aggagggaag
attgtggggt
gaggttcccee
tcattttaac
cctccaggga
gggtggggtt
tgctccecte
gttcccaggg
tctgtetgte
gacattccct
gaaactgagg
tgtccceeca
cctecgecagta
gcagccctet
aggaactgag
tgcagcgtge
ccgteccacgt
ctgggecgcte
ccacggccct
agggctcagce
cgatgtagtt
tggggaggga
ccggecceca
ccactgtgcet
agctcaagac
tacttgtctt
cctecctaca
tttattttte

aagggtggtg
taagtagttt
aaggagagat
aggtgagaga
aagggagcct
ggagacagga
caccccctte
catggggacc
aggacatcat
gcagctccca
caatgeccccee
cactgceagg
ccceegatga
aatctcctece
gggaacccta
tactgggatg
gacggggtgt
agagaggctg
tcccacacca
cctttctgag
ggcctagatc
ggcacttagce
ttggceccecce
atctggtcett
tcagagacce
caggtggacg
gaggagaggg
gatgacagca
ccagcagecce
ccctggegge
cggcctggat
ccecgggecag
gtacgccacg
ctgcaaggag
cacgccagcece
cacagccaag
gcgaggcectce
agggggtgat
gggaggccca
ccagccacac
tttgcagegg
cggagttcca
atcctgcata
ttttatatct
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ctattattge
atccaaggcc
agtgactgtc
catgcgaact
gcgettgete
aaacactatc
ccagaaccceg
ttgegectet
ttggtcccceca
tggggtggga
cacattgccg
ggctgtgecag
tccgagccaa
cctctgecett
gcatcccgac
ggggccaggg
ttggtctgaa
attctgggac
gcagcectcetyg
ctgecegecece
tggggtatcc
agaagaggec
aactcctcta
cctgacctcece
tgctgaacac
ggcaggtgag
cgectgtgec
gccecagecag
ccctttctea
teccecagecec
gaggaacagc
gcccactgge
ctgecgettca
accttcaccg
tggatggaga
gtgggattcc
tggcecgege
cttctgggeg
agggtcaggc
tgagtttctce
tgatgtctcc
gctcecgaga
cctectgteca
atatttttaa

Fig. 18B

cceccattttt

ctgtgeccgeg’

agaaagagaa
gacagatcaa
tgggctgegg
ccggctggaa
ggcatcetgt
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ctatgcccca
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gctcagagcet
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gcectgettte
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tcttctacta
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getggggget
gaggagcaga
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ccattcccetg
acctgggggce
tcttgcectgt
cctgectgte

agcggggtct
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cagatgagga
aggaacagcg
acggaggtgg
agcgtggctg
acagcccgag
caatggaggg
cceccagtgag
tggctggett
gcctcaccea
ctggctecee
ggattcctgt
tcecececect
ttcaccecte
aatccagatg
tcctgatcag
ggcacggagc
ggtcttggac
aaacgtggag
tcaggaccag

acattttgat

ccatgcctac

cgggtgcaga
aagaggatcc

ccaggcactg

actgctgatc

aggagctgga
tgtgtgccac

gceccttcteca

ctttatagga
ctccttetet
cacctacgaa
ttgggtccca
gtgcctgtec
tgagagcgat
caaggtacct
ceccgtggect
ggaagcagga
atatacgggg
gtcacctcaa
actgcacctg
ctctetgect
gccaccttgg
tcggcactea
tctacgttac

ggctggggct
agaagtggag
acagagagtg
cagctgaget
gcagagacag
tggagacgge
cagggctgte
cccatctgac
cecetetetet
tctccaccct
acccteectce
tccteccagtyg
ccattcatac
tgaggcctcg
ggcactcgtg
gctcectteca
agggaatgaa
gctgagacaa
ggcgcagctce
ctcectecect
cagatgttgg
gggcagggct
acctgecctcg
actctgtcte
tgaagtgggt
gctctggagg
tcecteteece
gaggcgcect
ttcaccecat
gcacagtggg
gtgtgtgacg
cggcggggcyg
ctgecteggg
gcggacacgg
gggtgcceccece
ggagggcagece
ggcttaggte
gctgectgge
ccaccctacc
gctggtttce
ctcacacccce
ctgactctcet
ttttacttta

ccaggctggt
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ttccaggace
gcccagetga
ccegtggecg
tactgcegtg
gggttcgagg
gactgctgct
cattttgtat
tggcacaate
ctgcctecage
ttgtatttta

ctgaagtgat

cacccagcetg
aattccacct
gcctgacaca
cacttgagcc
aaaatttttt
ggtgcgatct
gcctcecgag
ttagtagaga
tctgceegee
tacaaaaact
tctctactaa
ttgggaggcet
gatcatgcca
ttgcccagge
tcaggcgatt
cacacccggce
gtcttgaact
aggtatttac

‘tcacagatgt

Cccaaacttt
tatgtatttt
tcaccagact
cctttectect
tcatcagcct

tgggctcaag
cactacgcecc
ttgactctga
gaataaaaag
ctgaatggac
ctggaacggg
ggtcctcagg
tggcecgegga
tcaagacgct
agggtgcctg
ctgtgaacct
gtagctgegt
aggatggcca
cagctgaggg
catceggggg
agttagatgt
tctgctcaac
ctcgtgagta
gtagagacgg
ttgccegect
gaaaaaaaaa
gcagttgtag
gtggttcatg
caggagttcg
tttttttete
cggctcactg
tagctgggac
tggagtttca
ttggcectecece
ttttagataa
aaatacaaaa
gaggcaggag
ctgcactccg
tggagtgcag
ctcctgcctc
tacttttgta
caagtgatct
aggccattce
taggagactt
tttcectecatg
gtggagtget
gccgagatca
ctaagaggaa
taaaagaagc
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agatttctcc
ggcctcatgg
ggtcaaggcc
ggggagaggt
agtgtggggg
aaccaaggag
gagtggggac
gcatctcacc
gcgtctggga
catggcectg
gactcgatte
ggtggatgcce
gtgggccgaa
gaacaccaag
agagtcctga
tgaaatggag
tgcaaccttt
gctgggacta
ggtttcgeca
cggcctecca
agactttatt
caggacctga
cccatagtge
agatcagcct
aagacagagt
caagctccge
tacaggccce
ccgtgttage
aaagtgctgg

ttatctggge

ttagceggac
aatcatttga
gtctgggagt
tggtgggatc
agcctcecaa
tttttagtag
gcectetttg
aagtgccaaa
gctgctatat
tttcattgca
tttaaaatca
gggtcgaaac
aggttttgag
tggaattttt

Fig. 18C

cacctcggece
tactttataa
tggcatggcg
gcaggccaga
cctgcagaaa
gtccgggagg
agcagcggtg
cggaagcgcece
ccgctcagea
ctatccctge
ccggagactg
gtcceegecce
cagccggtca
tgccgaggtg
actccactca
gcttgectetg
gccteeceggg
caggcacacg
tgttggccag
aagtgctggg
ttcacctgaa
cacttgggece
cagcactttg
gggtgacaga
cttgetetgt
ctceccaagtt
gccaccacgce
caggatggtc
gattacaggt
gacctgccetg
atggtggege
acccaggaag
gcactccaac
tcagctcacc
ggagtagctg
aggcaggttt
gcctecttet
agattgtttt
gttaagaaag
tttcagctta
taagttggag
aggtgaggac
atettttgte
tetetttttt
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tcctaaagtg

cttceccagg
tcagtgtcag
ggccgggceat
gtgtgcectg
gtgagctggg
tgecetececece
ctggggcega
aggctggett
acctcttcta
tgccteggga
ctggcececcag
cgggctgcag
agagctggag
ggacccactt
tcacccaggce
tcecctgttcea
ccaccacgcece
gctggtctceg
attacaggcg
attcattaat
ccatggaaat
agatgccaag
gcaagaccce
cgcccaggcet
aacaccatte
ccggctaatt
tcgatctect
gtgagccacc
accaacatgg
atgcctgtaa
cagaggttgce
aagaaggagt
gcaacctcca
ggattatagg
ccaccatgtt
caggaaaaaa
tgctcatggt
aagcacaaat
attggtttce
tagaggtctt
ccecttctetg
cattttccca

ttggagatgg

ctgggattat
attcattcat
taaatgtttg
atcgcaggag
gggaaggtgg
aagaacacaa
ccgeccggeag
ggccaccggg
ctacctggcec
caaaaagtgc
gctggttgtg
ccccagcecete
ctgtgctceg
cttecececetge
cttaagtttc
tggagtgcag
agcagttctec
cggctaattt
aactcctgac
tgcgtcacca
ttccacttga
cacaggtatt
gtgggaggat
gtctctaaaa
ggagtgcagt
tcctgectea
tcttgtattt
gacctcatga
acacccggat
agaaaccctg
tcccagetac
ggtaagccga
ttegetettt
cctcecegggt
tatgcatcgt
ggccaggctg
aaaaaatcac
gacttcagta
gttgctgtag
ctggtattce
tctgtgggcet
gagagagtct
ccttagcact
gatctcgata
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tgttgcccag
aagtgctggg
atgcttttga
tcaggagaag
gccgtetgec
tgcaccagta
aggtggaccc
ttgtccctag
gctgectggtg
ctcecetggte
gctccteecet
cctacgeect
acctgacttt
tacgtcctga
ccacggggcec
gggggctggg
ggcaggggct
aggcagaaag
gaggctgaga

gaagatctct-

ccagctacte
tgagctatga

tcaaaataaa

agtacaggaa

agccaggggg
catggccagg
cccatgtcta

ttgggaagca
ctgcgcecact
ttttttaagt
cagtacctcecc
tggcctggge
atgagaaggt
ggctgggaca
ttecetggge
aaaatagtta
gctcacgect
ggagtttgag
gggccgggcg
atcacaaggt
aaaaatacaa
ggctgaggca
gccactgcag
aaaaaaaacg

gctggtettg
attcgaggca
tgaatgcttt
ggtcctgéca
agtgccgegt
agtgaccage
tcacatggce
cccggaggaa
cctccattge
tcctgecagece
gcacctggaa
ccgetgecegg
tgacccegge
cttcacctat
cgtcccecattt
gcggetggtg
gtgaagttgg
agggcaatgg
caggcggatc
ctacaaaaaa
aagaggctga
tcgecaccget
tgaataagaa

ggcccccagt:

aaattgagac
ctgatcacaa
ctaaaaataa
accagaagaa
gcactccage
taagggacag
tgcagtgtcet
tgttcceegg
aaggccatcce
cctgggttge
agccttgggt
ctgtaatagt
gtaataccaa
accagcctgg
cggtagcectta
caggagtatc
aaaattagcce
ggagaatggc
tceggectgg
caaaaaatac
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aaccccttgg
tgagccaccg
ctctetetca
gccatgecceca
cgggtacttce
acccaggtge
cccatccectec
catgtggagc
cctectecececa
cctecttegg
tggagtgcce
gagtgccgac
cceecgggace
acctttgagg
gagcctgtca
gtctggcggg
gtaccccgga
ctgggcgcag
acttgagccece
taaaaatatt
ggcaggagga
gcatgccagce
agagagggtg
gggactgggg
aagtgtagce
ggtcaggagt
aaaaattagc
ttgcttgaac
ctgggtgata
agctaccatg
gacatccggg
gcacccagtg
cccagecectg
aggcacctgg
aagccccttg
taccagcagc
gcactttggg
gcaacatggt
cgcctgtaat
gagaccatcc
aggcgcggtg
gtgaacccag
gcgaaagaac
ttaaaatgaa

Fig. 18D

ctcaagcgat
agcccaccgt
gcctgtgece
gccaatagcecce
cgggcacgca
agttcactgg
ctgggcttcet
ccactgtetce
ccaccgcaga
ctcecgeggag
ccetggagte
ccggaggcete
tggtggagce
tcactgcatt
atgtcaccac
agagatgtca
agtgtgaggg
tggctcacge
tggagttcaa
agccaggcega
ttgcttgagce
ctgggtgaca
aggagctcgt
ccagagagaa
agcagaggaa
tcaagactag
caggcatggt
ccaggaggcg
gagcacgact

cacaagggtt’

tgacgcggtce
gggctgtgcet
gggtgggtgg
caggcatttg
gcctgtetga
tggacacagt
aggctgaggce
gaaacttcat
cccagcactt
tggctaacac
gcaggcgcct
gaggcggage
aagactctgt
aaaaattaga
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cctccagect
gcagatggat
agggcacctt
actctaacac
cagacccecg
ggaggggtca
tceetttgte
caaggcaaga
gcaggtegge
cgtggtttce
tggtggeccga
ctgtgecgecee
ctgggtggtg
gaacggggta
tgaccgagag
ctgagggcct
gctaaggctt
ctgtaatcce
gaccagcctg
ggtggtgcat
ccaggagtceg
gagcagtgtg
aaagctgggc
tcagaaggaa
gtgttggaaa
cctggccaac
ggtgggcacc
gaggttgcag

cegtctcgaa:

ccctgtgtet
ctcacccage
ggactacgag
gcaatgggtt
aattccagcet
gcctcagact
ggctgaggtt
gggcagaatg
ctctataaaa
tgggaggccg
ggtgaaaccc
gtagtcccag
ttgcagtgag
ctccaaaaaa
ctgggcacag

cagcctccecca
gtttttgtgc
caagccccetg
cattggatca
gggtgcaccc
cagacctctg
cctggcatgce
gtccagcatg
ctctgcetga
cgcctgaacyg
gaggacctca
tgcgggggag
gttcgagggce
tcctecttag
ggtgagactt
gaaggggaga
tgggggcaag
agcactttca
ggtaacatag
gcctgtggtce
gaggctgcag
agatcectcte
tggagagtta
ttctcgaaac
agataaggga
gtggtgaaac
tgtaatccac
taagctgaga
aaaaaaaatt
ctgcctectea
agcttgagce
gtcaaatacc
gtgctctect
ctgccatgga
cttcatctat
gggtgcggtg
cttgagccta
aacttaaaat
aggtgggcgg
catctctact
ctacteggga
ccgagatage
aaaaaaaaaa
tggctcatge
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ctgtaatcec
gaccagcctg
gtgtgttgge
gaacccaagt
attccagecet
cacatggctt
atgggagtgg
gacggccacc
ctgaagacgt
gtgcaggtac
cagacccaac
caaagttcct
tttttgagat
cactgcaacc
gggattacag
gcttcaccge
cctececgaag
atgtccttct
aaaccaaaac
ctggagcgca
aaccccagceca
agtctgacca

gtggtgcaca

tgggaggtgg

agcaagactc
tgacccetga
gggctttgag
tttctttcac
gtggcgegat
atccacccege
ctaacttttt
ggcaccatca
gcctcccaag
tgttttgttg
caatcctcce
gcattggacc
gttccectge
acagaattgt
gaccctatag
caagcactaa
cgagcagaat
tgtggtttgt
gcagtggtte
cctcagecte

ggcactttgg.
gccaacaagg
gggccectgt
gattctegac
gagaaagtga
gcatgcgtaa
agggcgaggyg
ccactacctc
cagaaaaccg
gggcgegete
tggatggtga
gggaagaccce
ggagtcttge
tcegectceece
gcgectgeca
gttggccagg
tgetgggatt
tcctgtggat
caacagctga
gttgctcgat
ctttgggagg
gcatggtgaa
cctgtaatee
aggttgcagt
tgtctcaaaa
gctceecatt
gattggaggt
attttttttt
ctcagctcac
ctcggettee
ctttttttta
tagctcattg
tagctgggge
agacagtttce
gcatcggcect
agtggctttce
catacaattt
gcagtcacca
cccttagcca
cccactttct
gttttcaagg
tttttgtttg
aattacagcet
ccaagcaget
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gaggccgagg
tgaaatcccce
aatcccaget
ttgaggtcega
gaccttgtct
gttcteccaa

aaggaggcag

tcccggacag
ggcagagctg
tgaggccggce
gcctggggaa
caggtctcca
tctgtcecte
ggattcaagce
ccgegecetgg
ctggtctcga
acaggcatga
cacatggcat
gttttgtgaa
caaagctcac
ctgaagcagg
accgegtcte
cagctacteg
gagctgagat
aaaaaaaagc
ccccatccaa
aacaggttat
ttgagacgga
cgcaagctee
cgaaatgctg
agagacacgg
cagcctacaa
tataggcatg

‘cctatgttge

cccaaagtge
taaaccttgt
gcctgttcaa
ccacaagtaa
tcacceecca
gtcttgaaat
tttatgtatg
ttttggaaac
cactgcagece

gggactgtag

Fig. 18E

tgggtagaac
gtctctacta
actcaggagg
ggctgcagtg
taaaaaaaag
aggcctcacc
gaagagcaac
ggcgecgagg
cgggggctga
tacgggccect
gggggtgagg
aagtcccatce
aggctggagt
cattctecctg
ccgatttttt
actcctgacc
gccactgcac
gccctagaga
gtctggeetg
tgcacagcca
aggatcactt
tactaaaaat
ggaggctgag
tgtgccagtg
tcaccgcagg
caaaatggga
ttttaatatg
gtctcactet
acctcectggt
ggactgctgg
tcttttttat
ctcecegaget

tgctaccgtg.

ccaggctggt
tgggattaca

aattttctgt
agtgtacaat
ttttgggaca
cccagatctt
cttccagtgt
ttgtagtata
agggtctege
tcaacctcce
gcatgagcca
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acctggggtg
caaatagcaa

ctgagacagg
agtcgtgttt
gaatgatatt
agttgcaagg
aggaacttgg
gtcccagcag
agcggggagce
tcggccagga

gtgggggttg
atcttttttt

gcagtggcac
cctcagectce
gtatttttag
ttgtgattceg
ccggtcaaag
ggagagaacg
cttcactctg
ggcacagtgg
gaggtcagga
atagaagtta
gcaggagaat
cactccagcece
cttgactttt
atatcatgaa
ctaggccagt
gttgceccagg
ctcgatctge
cgtgagccac
cacccaggcet
caaccaatce
ctcaactaaa
ctcaaattce
ggcatgagcc
aatagcttta
cgatgacttt
ttttecagecac
tctgttgect
ggtcttttgt
tatccgtggg
tctgtcacce
aggctcaagt
¢catgcccag

aagagttcga
aatcagctga
agaatcactg
gcaccattgce
atgaatacag
caggctagtg
gttccegggt
cgtgeggtte
cagctacctg
acatcacagc
gaaagacccc
tttttttttt
catctceget
ccgagtagcet
tagagacggg
cecgectegg
tcctatcette
taagatgtcg
taccceccagg
ctcaccctgt
gttcgagacc
gctgagegtg
cgcttgaacce
tgggcaacag
agcaacaacc
gcttcectgea
ggctttecttt
ctggagtgeg
tgacctcctg
cacgeccegge
ggagtgcggt
ttccacctta
ttttttttta
tgacctcgag
gccacacccea
ctgaaataca
tgatacattc
cctcaaaaga
tagtccctgg
gactgttcac
tttttttggt
aggctggagt
gatcctecca
ctaatttttt
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ttggtatttt
agctcaggca
tggacctgge
tggaatgtaa
ctectacctce
ttattattat
cctggecteca
ccactgctcc
aaatagctga
ttggataaaa
gtggactctg
aggctggttt
aaattagecg
gagaatcgca
cagcctggge
gtaagaaaag
cccetggggg
tcecetecace
aagccggggce
ccgcagagag
gtgtggtcct
gacacccaga
aagcctttct
tcectttagtyg
atcggctaca
tatctcatceg
gtggtggcte
ggtcaggagt
atcagtcagce
agaagaatca
ctccaggect
accacggaga
gttaattecc
ccttcactta
cctacgtcaa
tgggaacgaa
tccttgtttyg
aaggagagct
gagtttctga
gagggcgtgg
gccctggact
ccacttacac
acctectcca
agacagagcc

ttgtaaagac
atccacccac
ctgttttttg
tggtctgatc
agcctectga
tttttgatag
cacaatcctce
tggccaatat
ttttgttttt
acctgaaaat
gtatttatac
gagactagcc
agcatggtgg
gaacccggga
gacagagtga
atttcgaaac
agagtttgaa
tgtceccetgt
tggggectce
cgagggctgg
ggtcetggtg
ggcccctgga
ggctgtccce
tgtgtgcete
ggaagcagag
gacatggtgg
ctatctataa
tcgagaccag
caggcatggt
ttttaacccg
gggtgacaga
caggggtttg
agctgacggg
tgaagaccct
gattgaagag
gcggagggtgg
aaggtgagtt
gtgtggcaat
gcgaggectce
tcaccéacag
ccttecetgeg

ccagaggcca-

gectttteet
tcgetcetgte
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agggtttcac
ctcagcctece
tttttgtttt
atagtgcatt
gtatctggga
agacggggtc
ccacctcagt
ttcatttett
tattgtatct
gtttcacctt
tagaaccaaa
tgtccaacct
tacacacctg
ggcggagatt
gactgegtct
ttcctceett
acccactgtt
actggggacce
tacaggacca
cgggagcagce
gtcattgtgg
agccctcagt
agcctetttt
ataaagatgt
caatgggaga
gttgccectaa
‘tececagceact
cctggccaac
ggtgggcacc
ggaggcggag
gcgagactcc
gggctaaaag
gccetgeetg
aatgaggctg
gtgattggtg
gcagggccac
tggcgaggtg
caagaccctg
catcatggge
catgecegte
ggtgagcacc
cttgggttaa
cttgggctaa
gcccaggcetg

Fig. 18F

catgttteccc
caaagtgctg
gaacacacga
gcagcctcaa
ccacacgtgce
ttgctatgtt
atctcagagt
tttatggaga
tttggtgaac
tagaacgttt
tcaaaaccac
ggtgaaagce
taatcccage
gcagtgagct
caaaaaaaca

‘gcectgaggt

tgttccetga
tgttctcagg
tcagtttcte
tggccetgat
tcgecagttct
tgatggccac
tacttgaaat
gtgactcagt
gaagcagaat
tttgatggga
ttgggaggca
atgttgaaac
tgtaatccca
attgcagtga
atctcaggaa
ctatgagceg
atttctcagg
tgagggaatt
caggtgagag
actggagcgg
tgccggggge
aagggtggct
cagttcgage
atgattctca
ctcecectgget
gaagccagga
gccetggtcece
gagtgcagtg
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aggctggtct
tgattacagg
ttttgctttg
actcctggge
tcaccaccat
tcccaggetg
gctgggatta
cgtaataatc
atttcaattg
cattgaatgg
tctggeggcet
catctctact
tactcaggag
gagattgcge
aacaaaaaat
acttcagagg
ccttgeectge
agatcacagt
ctgatcagca
tgcgggcacg
ctgecctcagg
ctgcctgggt
cttctccaat
ttaccttttg
attcggacaa
ataggggctt
gaggtgggca
tccatctcta
gctactcagg
gccaagatcg

aaaaaaaaaa

agcctccgag
tactaaggtc
tgcaaaagag
ccgaaggctg
gagagctgat
ggctcaaggce
acacggagcg
accccaatat
cagagttcat
tctgecggeca
cagacagtgg
tctgectttt
gcgcgatctc

cgaactcctg
catgagccac
tcacccaggce
tcaagcgatc
gcttggctaa
gtcttgaaca
caggcatgag
agttgtatgg
tatcgacttt
agattttttt
gggcatgcecct
aaaaatacac
gctgaggcag
cactgcactc
tactetggca
agcctgctgg
ttgtgtcctce
tcattgctca
gcctttecett
gcagtcgtgg
taagggctct
gctacaggac
ccectgetect
ttcetttece
acacggacag
ggggccgggt
gatcacttga
taaaaaatac
aggctgaggc
cgccactgeg
aaaaaaaaaa
tccagtggga
tacatcgace
atcgatgtct
ccegggeace
gacctctgeg
cccagggaag
gcageggegt
catccgectg
ggagaacggc
cceggagtte
gtcccaggte
ctttttttta
ggctcattge
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tgtctececacce
ataggcatgce
atgtaggcca
aaagtgctgg
ccctctggga
gttgtcattce
ggagtttcac
ctcegectec
ggcatgtgcec
gttggtcagg
agtgctggga
gacagagtct
vgccttgacct
cactcatgta
taggttgccce
acagcactgg
aatatttact
tacacacggce
ctgaaaatta
tgaaaaaaag
aatttatttg
gcttttcttt
cgttettgge
cctgagtage
agtagagaca
tccacccate
taggcatctt
acagagttat
gttgttctaa
ggctttgtac
ctttegececa
tggctcaggt
ccacacctgg
ctggtctcaa
ttacaggegt
agcagttcct
tettgatttce
ttcectgtaag
gagatggagt
acctcegect
caggcgagtg
atattggcca
cacagtgctg

‘tccagggtte

accaccatgce
ggctggtatc
tattacaggt
aaggctgggce
cttctttttt
tcttgttgee
caggttcaag
accacgettg
ctggtectega
ttacagacgt
cactctgtce
cctgggcetca
ccaccatget
aggctggtct
gattgcaggce
gagtgectttc
aaactggatt
gcaagtaaat
caaacggggt
gtcactttac
tttcttgaga
tcaccgcaac
ttggaattgce
gggtttcatce
tcggececte
tttaaaaaaa
agcgattccc
agatgtcctt
ctggttatta
gtttagagtg
gatcctcectg
ctaattttta
actcctggac
gagccaccac
catgatgaca

tggatttatg.

agaagctcta
cctgetgteg
cctgggttca
ccaccatgcc
ggatggtcte
ggattacagg
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aagcgattct
tgactaattt
aaactcctga
gtgaggcacc
tcctgggace
tttttaattt
caggccggag
cgattctcet
actaattttg
actccegacce
gagccaccgce
tctaggectgg
agtgatccte
cagcaaattt
gaactcctgg
atgagccact
tacgcaccgg
tctectettg
agacaggctt
ccttcatgceca
cagattttac
tggagtttcc
gtccacctce
atggcatgca
atgttgccca
aaagtgctgg
tcaaaacatt
tagcgtcatt
cactgctgcet
tatatatttt
cagtggtgceca
cctcagceete
aattttttac
tcaagcgate

-gcctgectgat

ctgacacact
aaattcttct
tctgatgtgg
cccaggctgg
agagattctt
cagctaattt
gaacttctga
catgagccac

Fig. 18G

cctgcctecag
ttgtattttt
cctcaagtga
acgcetggee
ttccttteec
tgttttaatt
tgcaatggca
gccttagect
tatttttagt
tcaggtgatc
gceccggcecaa

.agtgcagtgg

ccgectcage
ttaaaatttt
cctcaagcega
gtgcctggee
tcatcctecee

gggagcagag.

tttaaaaaag
gatgtggcta
tgactttttt
atectgtcacc
tgggttcaag
ccaccatacc
ggctggtctt
gattacaggc
tttectatgta
gaatacccag
ttattccaac
atttatttat
atcatagctc
ctgggtagcet
ggagatgggg
ctcecteett
tattatattt
gaagggttag
tatgggatca
ggttttttteg
agtgcagtgg
ctgcctcage
ttgtattttt
cctegtgate
tatgcecgge
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tctcccaagt
agtagacaca
tctccecace
agccectectge
actgccceat
gaattttttt
agatcttggce
ccccagtage
agagacgggg
cgcctgecte
ttttettett
tgcattcata
ctcctgagta
ttgtagagac
gcctcectece
tgtcattcct
agtccccagg
ggtctaatgg

taaacaaatc’

gagaggaaag
ttetttttta
caggctggag
tgattctecct
cagctgatgt
gaactcctgg
atgagccacc
gcaaaataac
ttgattttca
caggatccag
tttagaaaca
actgcagcect
ggaactacag
gtctegectat
aacctctcaa
tcgageccetcet
gtcccttgte
tttagcttgt
gttttgtttg
cacaatctcg
ctcctgagta
agtagagaca
tgcccaccac
taatttttgt

agctggtact
gggtttcacc
tcagecctcecece
ctttaatttt
acagctgaag
tttttgagat
tcaccgcaac
tgggattata
gtttctctgt
ggcctcccaa
ttttttttaa
gctcactgta
gctggaacta
aggatctcga
tcagecctcecee
tcttttgaca
aataaagcta
ggcaggggga
atttcaaatg
agaactgctt
actttattaa
tgcagtggtg
gcctcagect
ttgtattttt
gctcaagtga
atgcctggcé
attgcattga

cgtttctcta

ttcaagaccg
aggtcttgce
ccaaactcct
gtgcacacca
gttgcccagg
agtgctggga
ctaaatcttg
cgcctgaatg
ctctetgtat
tttgtttttt
gctcactgca
gctgggacta
gggtttcace
ctcagectec
atttttagta
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18601
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18721
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19021
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19561
19621
19681
19741
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19861

19521
- 19981
20041
20101
20161
20221
20281
20341
20401
20461
20521
20581
20641
20701
20761
20821
20881
20941
21001

gagacagggc
ccecteettgg

agacagaaag.

ctgaggctgg
acccegtete
cagctactceg
gagccatcat
agatgggaag
tgggcagtgt
cagctgggea
atcacttgag
taaaaataca
gactaagaca
gccactttac
aaaagaccte
gaagectgtt
tcttggaage
agggggtcaa
cacaaactga

tttggagtct

cccagaatac
tctttaaagg
gcagttectce
tttgtggttg
tgcectgtaat
ggagacaagce
aattagccag
aggatcattt
caacctgggg
gttgagtatt
aatttttcaa

attgtaagca:

ggaggaaggc
tctggaagtg
tctgtaatce
agaccagect
gcataatgge
tgaggctgca
cctgtctecta
caagcccecca
gtgggcatgce
caccgagacce
gactttggce
ctggtaatge

ttcgecatgt
cctcceccaaag
ggtcttaaag
tggatcactc
tacacaaaat
ggaggctgag
tgcactactg
accagcacag

gacgggaacc
cagtggctca
-gtcaggagtt

aaaaccagcc
ggagaatcge
tccageetgg
tttgctgggt
gccagcatcec
atcaccagca
aggaaactct
gcggggagta
atgtccctgg
gggatttgtt
tcaaggttgg

actcttetet

gatcagcacc
cccagcacct
ctgggaaaca
gtgcagtggt
gagcccagga
gaaagaaaga
tcctgggtat

ctcataatce:

atgtgttgtg
tcacctgagg
acagatgcag

‘cagtgctttg

gggcaacata
acatgcectat
gtgagctatg
aaaaaaaaag
ccctatetge
tgcggggeat
tggctgctceg
tttcececgatt
tgggggtaat

‘gaggccagga
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tggccaggct
tgctgggatt
gttcagtgac

acaaaaatgg
gcgggaggat
cattccagcec
gtgaaactgg
cgctggaggg
cacttgtgat
cgagaccagce
aggcatggtg
ttgaactcag
gcagtagagce
gctagggagce
aggcegtggg
gaacttgctg
gaggtctata
gggcaggtge
ttctgtaggg
tactgtctgt
gcttcagacce
tgcaaatcca
aatgtatcte
tgggaggcca
cagtgagace
gtgcacctat
gtttaaggct
gaccttgtet
aaagcagtgt
gattgggaga
atactgtage
gagttgggag
tttaggaagt’
ggagacccag
gtgggaacct
tgttccaget
atggcaccac
atgtggatgg
tcteccagecta
cgeccteggge
caacatccta
cctggaggag
actgggtgtg

Fig. 18H

gatctgaaac
aaacgcgtga
acacacctgt

.gttagagatc

gcagagcatg
cacttaagcc
tgggcgatec
tgaacagagg
ctttggcagg

‘cccagcactt

ctggccaaca
gtgcacccct
gaggcagagg
gagactccat
aagagcagga
gtgaagggaa
atggattgga
ccctgaccat
aggtctggag
ctgcagatgg
gacttgttgg
ttggtttttg

tacacagcta

cacctgtaga
aggtgggaag

ccatatctac

agtcccaget
geggtgaace
ctaaaaaaac
accaggttaa
gactgaatgce
aagagctgag

gcttgeecta

ggacgggagg
gcggaaggat
atctctacta

-actcaggagg

tgcactccag
gagggggaac
aacgacggac
atgeggtacc
gtcaacagca
aactcttceceg
agcttcttag
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ccetggecte
gccaccgtge
aatccdagca
accctgggca
atggtgcata
tgggagatcg
catctcttaa
agagatggta
agagtagttt
ggggaggccg
tggtgaaacc
gtaatcccag
ttgcagtgag
ctcaaaaaaa
gctgggagag
gggtttggat
agtggctggt
ctggcaagtg
gatggattca .
tctgccaaat
tttccectggt
caccgatcat
gtccaagaga
cgggttgete
attgcttgag
caaaaaaacc
actaaggagg-

-‘atgatcgtge

taaaaaacag
atggaaggaa
ttaccattga
aaaacttggg
caggtgagtt
ctgggtacgg
cgettcagge -
aaaattaaaa

cttgcectgag

cctgggcgac
ggtgggtggg
agttcacagt
ttgcecgagat
acctegtctg
atcccaccta

ggccaggtgg

05/034179

aagccatcca
ctggtcgaag
ctttgggaag
acatggtgaa
tctgtagtec
aggctgtagt
aaagagagag
gatgctgcat
aagaggatcc
gggcaggtgg
ctgtctgtac -
ctactcagga
ccaagatcac
taaataaata
gcctgcagea
ttgggacatg.
gagggagaaa
gtggtgttge
aaattcagtt
cttagcggaa
gagagcaaac’
tggtcatact
gctgaacagce
aggtgactca
gccaggagtt
cctttgtttt
ctgaggcaga
cactgcacte
aaaagcattt
aagttgaaat
agcaggaacc
aaaagagaaa
gtgaggtggg
tgactcaaca
caggagttaa
aattatccag
cccaggaggt
agaacaagac
ctgtectcac
catccagcte
gagctacgte
caaagtgtct
cacgagctcce
gcagggcagg
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21061
21121
21181
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21301
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23401
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23521
23581
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23701
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ttggaaaggt
ggctgtgggt
acagttggat
agccaggegce
ttgcttaage
ctgggcgaca
ctgtaaatce
gaccagcctg
gtggtggtac
acccgggagg
cagagttgga
gggactgggg
tttctecttt
gcctteegga
gtgatgtcat
tggtcctacce
tceccagagag
atctttgtat
agcactttgg
gccaacatgg
gggtgectgt
acagaggttg
actctgtctt
gcagagatgg
gggccttcag

ttggggggct
catctttgcet

atgccattga
agctcatget
tcagcgeccet
atggcgggtg
cccagaagtg
gggttccace
ccctagggee
tgtgggcgag
tggctttgge
tggagtggag
ttggggtcag
agggccccag

cagcectgece:

tcacttcectag
tgtgtcaact
agatcctett
tatcceccact
atctcctcte
catggtggct

gggaggctga
ggggggacag
aacctgggca
agtggcatgce
ccaggagttg
gagcaagacc
agcactttgg
gccaacatgg
acgectgtaa
cggagtttca
gagtaggagg
ggcagtgtgce
ttctgcaggg
agttcactte
ttggggagag
aagctttect
tcatcactge
caaagagttg
gaggccaagg
tgaaaccceg
aatcccagct
cagtgagctg
aataaataaa
agggcagggt

‘ccacagagag

gtggctccta
tttcetggac
acaggactac
ggactgttgg
ggacaagatg
aggactgcag
tcegtteatt
tcctececceg
tcacacccte
tggettegag
tcettegage
ctgggagagce
cttegggtge
aggagcagtc
gcctecacctce
ctatctttgt
cgggttctet
cagcttttat
tggcetttgt
accccaggtt
catgcctgta
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gggtttggca
tcagctecag
acatagcaag
acctgtagtc
gaggctgcag
ctgtctcaaa
gaggctgagg
gaaaaccctg

tccgagetac.

gtgagccaag
cttggggect
tgggtctggt
aggaaagatt
cgccagtgat
gccgtactgg
cgagtgttct
tgggttcttg
agatacaggg
tgggcagatc
tctctaaaaa
actcaggagg
agatcacgcce
taaaagagtt
tgagaggtaa
cttcaactcc
tcctaccate
agcctcacce
cggetgeecc
cagaaagacc
atccggaacce

.agaatgggcc

ggtgttgggt
gacctgggcce
tcctggacca
ccatcaaaat
tggtcagcca
ggggcagetg
caatgctgtc
acagccccat
ctcctgecat
gcatctatct
ttttccaacc
gtgaaatggt
ctgctactcce
gaataacaga
atgccagcac

Fig. 18I

gcecctgetec
gaagccgact
accccatctc
ccagctactt
tgagctatga

agaacagtgg:

caggaggatc
tcgctactaa

tcaggaggct
atcgcaccac
gagctagggg
gagtccctcea
cccatecgat
gcctggagtt
gacatgagca
ctcacctggg
agaccatgga
ccaggcctag
acctaaggtt
aatacaaaaa
ctgagacagg
attgctttcc
gggtacagca
catgtctgta
ggctaggagg
ttccaagtca
agagcttctt
cgceccccaga
ggaatgcccg
ccgccagect
ctecetteceg
gggagggcect
tggtactcag
gcggcagect
gggaagatac
gatctctgcet
gagtcaggcc
ttcttgcact
ggagctgagg
cacagccctg
gcattccagg
ataaaaggag
tttatgatte
ccctttetge
aatagaagga

tttgggaggc
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agggagagga

tccagatgtce
tacaaaaaaa
gggaggttga
atgtgccact
ccaggtgtgg
gcctgaggte
aaatacaaaa
gaggtaggag
tgcactccaa
gaaaaagcag
gtgagtccce
ggactgecccce
acgggattgt
atcaggacgt
atttggggtg
gatgacaaaa
tggctcaage
aggagttcaa
attagcccag
ataatcgcett
agcctgggcea
tatttgggtc
tcatagccca
attcctggat
ccatttectg
cccctettte
ctgtcccacce
geccecgettce
caaaatcgtg
ctctetgeee
ctgtcegecect
cattcctecece
cactactcag
gaagaaagtt
gagtaagcag
cacggggtct
gcgctcatge
acccaaggac
ggccategeg
cceggcetcete
aagattgggc
cttgectece
cttcecegtte
atagaaatct

cgaggtggge

tacaggagca
taggaaaata
ttaaaagatt
ggcaggagga
gtactgcaga
tggctcacge
aggagttcga
ttagctgagg
aaccagttga
cctgggcaaa
aggcaggtgg
cagctcacct:
ggaggccatt
gatgtgggag
aagtgtcceccg
aagggtgggt
aggagaattg
ctgtaatcce
gaccagcctg
catgatgggce
gaacccagga
actgagcgag
gcagaaggat
agagctgctg
ctgttatttt
ggcctgttag
caggtgatca
tceetecacc
ccccaggtgg
gcccgggaga
ccactccttg
ctgcaaggcet
catccttgee
cttttggete
tcgcageege
tggcaggage
ccaggggctt
catgcctaga
tetttgggge
cttcegecte
acggtaacaa
taggttttgg
aaaggctgcg
ctctcccaag

gaaggccggyg
agatcacttg
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25561
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aggttaggag
caaaaattag
caggagaatc
actccagcect
aaatgtgaag
ggaccgattg
ctctacaaaa
ctactcagga
gggcacatce
ttttteccct
ttececteteec
cagcctctte
cccaagccaa
ggatggctgce
ccecgetgget
gaggagagcg
cctgctecga
gcacatgaag
gtactgacct

gtggggactce
ggtgaggagt
aaatcaccce
ggactgggtg
cccetecaccet
ccagagtggg
attggggttt
tgtaaatgce
gtcttaattt
tcataacttt
aggggeccat
ccecgectggg
gcggtagttg
tatttaaaaa
ggtgatgggg
tggctgacceg
ttatcagccce
gcagctgett

ttcgagacca
ctgggcatgg
gcttgaaccc
ggatgacaga
gccaggtggt
cttgagccca
caaaaacaaa
ggctagagcc
ctccctaatt
tatctcagce
acttcggecet
ccccagtcete
aggccctgee
ccagctctta
tttctgattg
gccacaggga
atcggagtca
tcccaggeca
gcaggaactce
acagaggccc
tggcaatttg
ccagccacct

tgaccagagg

tgatgggtge
ggggctgtece
gtagtecccaa
ccteccccag
ttcteecegt
gtgttggagg
catcatgtct
acccccaage
gtggtggaac
agtaactttt
gtgatggact
agaggtgtca
cagggtatgt
ctaacgtctc

31/54

ttgtggacaa
tggtgcgtge
gggaggtgga
gtgaaattcce
ggctcacgecce
ggagtttgag
aaaattagct
agagggtectc

cttcecagee
tccageccate

tttctttete
attttgeggg
tctggeetece
aaaaaactgce
gcttacaatc
acctagggtce
ctctggcggg

agccgggaac
cccacceccag

ccagccetgt
gagagacagg
cggggaactc
aaaaggaagt
gttccegeag
cagggggcaa
cttgctgetg
ctgctgecett
tccetttttg
gaacctgttt
gtttccagaa
tgtgtecctat
ccagaaacgg
tgtataaata
agatttctaa
gaggtctgga
ttgaggtggt

cttggtgaaa
ctgtaatacc
ggttgcagtg
atctcaaaaa
tgtaatctca
agcagcctgg
gggcatggtg
.aggccagtct
tctetetgac
agcaacctcc
-acactccatt
cttttctcete
agccctaccce
ccgggaactg
ctgaggctag
tcaccaagct
acaccagaag
cccgggtggg
ggacaccgcce
gcceccgetgg
atttgggggt
cagaccaagg
gcccaacatc
accaaagaga
gaaggggtgt
tcaccaccaa
catattgaag
tttcttegtt
cactatggcc
cagtgeccttg
gaaggggtgt
acgccggtge
aaagaaaatg
ggagagtggg
ggctgcaggg
g99g9tggggg

Fig. 18J

PCT/US2005/034179

ccttatgtct
agctactgag
agccgagatce
aaaaaaaaaa
gcactttggg
ccaaaatagce
gtgcgtgect
gccectgecece
ccagggggce
tcttectcete
tcectetacy
ttttctttee
ccttetgegg
ttgacatctg
gaccgtctca
ctcctttect
aaaatcttgg
acaggaggac
tcecccatttt
attgcacttt
tctgccataa
gtgagggcge
tceccagecte
gtgtgactce
cagggcccag
actcaatcat
gtttttgagt
ttgtttttcet
tcetttgece
gtcatcccac
ggggtgaggt
ttggaggggt
ggacgtgtcc
gctgggtagg
ctgtaggggce
ccgagcgaga

actaaaaata
gaggctgagg
gcaccactge
aaaaaaaaag
aggctcaggt
aaaaccccat
gtggtcccag
cacggggect
tcctctecet
cacccagcecte
gcaatctgtg
ttcectggea
ttgcacagaa
ttctecectee
ggagccaaga
tctgcaggga
ccagtgtcca
cggceccgea
ccggggcaga
gagccegtgg
taggagggga
ctttecectea
cccaggtgcee
cttgccaget
tgacaaaatc
ttttttcect
tttgtttttg
accgtccttg
aagttgaaac
atcceceggac
agtgaaaagg
tcttaaatta
cagctccagg
gagggctttg
tggaacttgg
tgaatcattce
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441

1501

1561
1621
1681
1741
. 1801

1861

1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581

ctcggeccgyg
ctcageccee

cgtcttgetg
cgecgegegge
catgggcccg
cccagggaga
gagtgaggceg
ttggaagaga
cctcaggtgg
cgcacctacg
ggttgggtce
gagtgectgt
tatgagagcg
atcaaggtgg
accgggaagg
ctggeettec
aagtgcgccc
gttgtgeceg
agcctctact
gctceggggt
ttcaagecce
accattggat
cggggtgcac
ggctcctecce
acctacgcec
gacctgactt
ctacgtcctg
gccacggggce
gcagtgtctg
gttcceeggg
gcecgagggte
gggctgaagce
gggccctteg
gagcagctgg
attgtggtcg
gacaaacacg
tatgaagacc
aagattgaag
gcceccaggga
cggcageggce
atcatccgee
atggagaacg
cagctegtgg
tacgtccacce

cggcgcgage
gccacccggg
cgcgecececgece
acagacgcgg
cgctgaggge
gtcagacctg
gcgeccatgga
ccctgectgaa
acgggcagtg
aagtgtgtga
cacggcgggyg
ccctgecteg
atgeggacac
acacggtgge
tgaatgtcaa
aggaccaggg
agctgactgt
tggccggtag
gccgtgagga
tcgaggcage
tgtcaggaga
cagccgtcetg
cctgcaccac
tgcacctgga
tcecgetgeeg

ttgaccccegg
acttcaccta-

ccgteccatt
acatcecgggt
cacccagtgg
ccagcagcecgt
ggggagccag
gccaggaaca
ccctgattge
cagttctctg
gacagtatct
ctaatgaggc
aggtgattgg
agaaggagag
gtgagtttct
tggagggegt
gcgccctgga
gcatgctgeg
gagacctgge

32/54

EphB4, mRNA

agagccactce
gcgggaccec
cggecgeggec
ggccacactt
cccgacgagg
ggggggcgag
gcteegggtg
cacaaaattg
ggaggaactg
cgtgcagegt
cgccgtcceac
ggctgggege
ggccacggcec
cgcggagcat
gacgctgcgt
tgcctgeatg
gaacctgact
ctgecgtggtyg
tggccagtgg
tgaggggaac
agggtecctge
ccagtgccge
ccctectteg
atggagtgec
ggagtgccga
ccececgggac
tacctttgag
tgagecetgte

‘gacgcggtece

ggctgtgcectg
gcggttectg
ctacctggtg
tcacagccag
gggcacggca
cctcaggaag
catcggacat
tgtgagggaa
tgcaggtgag
ctgtgtggcea
gagcgaggcc
ggtcaccaac
ctcctteetg
gggcatcgcece
tgctegcaac

cagggagggyg
gaggccccgg
actgeccagcea
ggcgecgeceg
agtccecgege
ggccccccaa
ctgctetget
gaaactgcetg

ageggcctgg.

gcccecgggece

‘gtgtacgcca

tcctgecaagg
ctcacgccag
ctcaccecgga
ctgggaccgce
gccectgcetat
cgattcecegg
gatgccgtce
gccgaacagce
accaagtgec
cagccatgcc
gtcgggtact
gctcecgegga
ccecctggagt
cccggaggcet
ctggtggagce
gtcactgcat
aatgtcacca
tcacccagca
gactacgagg
aagacgtcag

caggtacggg.

acccaactgg
gtcgtgggtg
cagagcaatg
ggtactaagg
tttgcaaaag
tttggcgagg
atcaégaccc
tccatecatgg
agcatgcccg
cggctaaacg
tcgggcatge
atcctagtca

Fig. 19A
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gggagaccgce
agggacccca

cgcteeggge’

cccggtgece
ggagtatcgg
actcagttcg
gggcttcgtt
atctgaagtg
atgaggaaca
aggcccactg
cgctgegett
agaccttcac
cctggatgga
agcgccctgg
tcagcaaggce
ccctgeaccet
agactgtgce
ccgcecetgg
cggtcacggg
gagcctgtge
cagccaatag
tcecgggecacg
gcgtggttte
ctggtggccg
cctgtgcgcee
cctgggtggt
tgaacggggt
ctgaccgaga
gcttgagect
tcaaatacca
aaaaccgggc
cgcgectctga
atgagagcga
tggtecetggt
ggagagaagc
tctacatcga
agatcgatgt
tgtgccgggg
tgaagggtgg
gccagttcga
tcatgattct
acggacagtt
ggtaccttge
acagcaacct

gagcggcecegg
actccagcca
ccgecgececg
cgcacgcteg
cgtccacceg
gatcctaccce
ggccgecagcet
ggtgacattc
gcacagcgtg
gcttcgcaca
caccatgctc
cgtettctac
gaacccctac
ggccgaggcce
tggcttctac
cttctacaaa
tcgggagetg
ccececageecce
ctgcagcectgt
ccagggcacce
ccactctaac
cacagaccce
ccgectgaac
agaggaccte
ctgcggggga

ggttcgaggg
atcctectta

ggtacctcct
ggcctgggcet
tgagaagggc
agagctgcgg
ggccggctac
gggctggegg -
cctggtggtce
agaatattcg
cceccttcact
ctcctacgte
gcggectcaag
ctacacggag
gcaccccaat
cacagagttc
cacagtcatce
cgagatgagc
cgtctgcaaa
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gtgtctgact
agctccectgg
aagttcactt
tttggggaga
gactaccgge
tgttggcaga
aagatgatcc
caccctetee
cttecgggceca
ttcgagctag
ggacaccaga
accccgggatg
agggacaccg
gtgececeget
ggatttgggg
tccagaccaa
gtgcccaaca
agaccaaaga
aagaaggggt
tgtcaccacc
ttcatattga
tgtttctteg
ttcactatgg
aacagtgcct

ttggectttce
gaggaaagat
ccgecagtga
ggccgtactg
tgccececgee
aagaccggaa
ggaaccccege
tggaccagceg
tcaaaatggg
tcagccagat
agaaaatctt
ggacaggagg
cctecccatt
ggattgcact
gttctgccat
gggtgaggge
tcteecagece
gagtgtgact
gtcagggccce
aaactcaatc
aggtttttga
ttttgttttt
ccteetttge
tggtcatccce

——408l—-atgaaggggt—gtggggtgag

4141 ggacgcecggt gcttggaggg
4201 taaaagaaaa tgggacgtgt
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ccgattectg
tcccateega
tgeectggagt
ggacatgagce
cccagactgt
tgceeggece
cagcctcaaa
gcagectcac
aagatacgaa
ctctgctgag
ggccagtgte
accggceeceg
ttccggggea
ttgagceccgt
aataggaggg
gccttteect
tccecaggtg
ccettgecag
agtgacaaaa
atttttttce
gttttgtttt
ctaccgtect
ccaagttgaa
acatccecgg
gtagtgaaaa
gttcttaaat
cccagctcca

Fig. 19B

gaggagaact
tggactgccc
tacgggattg
aatcaggacg
cccacctcecce
cgctteecece
atcgtggcecc
tactcagctt
gaaagtttcg
gacctgcetce
cagcacatga
cagtactgac
gagtggggac
ggggtgagga
gaaaatcacc
caggactggg
cccccctcac
ctccagagtg
tcattggggt
cttgtaaatg
tggtcttaat
tgtcataact
acaggggccce
accccgectg
gggcggtagt
tatatttaaa
ggggt
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cttececgatce
cggaggccat
tgatgtggga
tgatcaatgc
teccaccagcet
aggtggtcag
gggagaatgg
ttggctetgt
cagceegetgg
gaatcggagt
agtcccagge
ctgcaggaac
tcacagaggc
gttggcaatt
ccccagcecac
tgtgaccaga
cttgatgggt

ggggggctgt
ttgtagtcce

.cecctececece

ttttctcece
ttgtgttgga
atcatcatgt
ggacccccaa
tggtggtgga
aaagtaactt

cacctacacg
tgccttecgg
ggtgatgtca.
cattgaacag
catgctggac
cgecectggac
cggggectca
gggcgagtgg
ctttggctce
cactctggcg
caagccggga
tcccecacccee
cceccagecect
tggagagaca
ctcggggaac
ggaaaaggaa
gegttcececge
cccagggggc
aacttgctgce
agctgctgcee
gttccetttt
gggaacctgt
ctgtttccag
gctgtgtect
acccagaaac
tttgtataaa
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EphrinB2 Gene

ggcgcacgce
cgtcagtcece

gtcttececeg
ttcttggcce
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ccagtctgec
ggagtgcgeg

ccggaggatt
gagctgggag

tggcttggcc

ggttttatgc
ctcgaactee

atggctgtga
agaactgcga

gaagggactc
tttccaaate

cgtgtggaag
gatagtttta

tactgctggg
gagcctatct

gtgttttgat
attggaattc

aagtaagtgg

cgccgteegg
cggttceceg
cggctttceca
gctcccagge
gcgatacctg
cggcacgcgg
cgggcggegt
agcgegttcet
ggcgecttgg
agaactcggg
gagggcccge
ggtctcgatg
tcgacactge
cagatttget
ttcagtttgg
gtgtggtcat
cacagccaaa
agtatgcaga
gcctaattga
ttagaaatca
actaacatgt
tttaaacaaa
tacttagcte
attgttgtat
aggegccagg
gtccgggaga
gececeggtgece
tceececagge
gttttttttt
gttagectct
ttagtttgtg
agaacaatag
gagatggggg
gatgaagatg
aagcctgeceg
cttttaaaat
ggtctcccett
cataggaaag
tcgetttect

gcgggaggag
tcecececacee
acccgagecce
gctaaaagct
accctctect
ggactggtgg
ggtccgggge
ggagagggga
caccgegceeg
cgtecgagece
cgcacctcgg
gccgacctga
tcctgaagec
cttaccggac
gccaccagag
aactcgtagt
acatatttta
cattagctgg
agttgagcaa
cgtcttaaag
taaccaagaa
tgtttgtatg
tgcctectte
ttgctgatga
tggtgeccgga
ggcgggcggyg
tccagaggtce
cgectgetee
ttcttatgag
tcagcgttta
tgtatccggt
ttatttcaac

gtcctggggg
agtctgtett

tttgcgeggt

tctectgata
gcagctgaat
agtcctctcet
tggggaagtt

cgtcecgegat
gggtcagtce
ccaacccceceg
cgctggaacg
actatcggcet
gttttcgagg
gctctggaga
ccgcgggcgg
gcctggagte
ccagcccgag
tttccteege
cctceegett
ttgtaatgca
ttctcecteg
tctacagceg

tgcattcaga:

catctgggta
cagaatcttg
tttctggaga
gttgggectg
gagtgtgtce
tcccttcatg
atgctagaag
catgtagtct
agtactggcg
aggagccggg
cgggcgagge
actcttecat
agccactctg
gatttaatat
gttcggtgtg
aggagaatta
ctaaggttta
gaggtgacag
tccagctatg
tgaggttgcet
acggcctgcece
gctagectcecca
aagtttttga
ttatatttat

cccectatgt
geggggecte
cccecatttca
gacggtctct
cgggtgtcaa
acgaaggaca
gaggcggaga
gcgaccgggg
gctacgetge
ggtgcgecggg
gccggggaga
cgttcataag

‘cttcetataa

ggaccctggt
ggagcgagcc
atttagaaaa
ttcagtactg
gaattgtagt
aaacgtttga
gttttaggag
attctcttaa
aaaagggcga
gcactttcaa
gctcttgecat
gcggcatctt
ctaggacctc
ggtcgcegggg
gcggaatcege
cactttcact
ttctgtttaa
tgtatcttta
gaaataccta
gacgttaata
gtactcacca
tccagacctg
gctgectgtcet
tggatgactg
gagatcagaa
gaatgcatac
ttccagagga

Fig. 20A

ccecegeeecg
ggagcctgtt
ctaggtggag
ccgceccetttee
gtccgggaag
tggccacaat
tgctgecattce
tggcaggacg
ccgcagagec
gagctcgect
cgggecttag
ccggtagece
aagcttaggg
aggaatggga
aggccttgtg
tcccatcecat
tgtatcccct
ctcgggaaac
gatcagaagc
aaaagaaatg
aagtgtcaaa
aaacgtcggt
caccgctcat
ggattatatt
tgcatcgatg
gcgcagcage
agcccgegge
gcagcgccag
gaccggttcet
atctagttga
tctttgeget
gttgggagaa
acttcttttt
ctcececccee

cgagggccct

.tgtectecac

gataatgtgt
agatttctte
aaccccctga
aagtttgaat

gggtccgeceg
tctggaacct
actcctcget
tceceegaac
gtgtccgatg
ctaggctggc
gcggggagceg
ctggcagcga
ctggagcegg
gcttcgecagg
gcettcteecet
cggagtatge
ccctgeccag
tccttaggat
gagagtaact
ccctaaatct
tatttcgaat
ttggagaaga
aaaatcaatg
ggggattgat
tttcaaattc
tacaaatcgg
acggagaagt
tttaatgtaa
ccggeteggg
gggtcccgga
gcegetgcecce
gcctegeccee
ctttgaggcet
aagcaattce
atattaacta
aaagaaaagt
gtaatgtgte
ccattctgat
gcgtttetag
agcagcattt
gcectggaaaa -
ctgtaggagce
tgacaggggg
cggtaaatat
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ctaatgectt
gcattttget
gacttgatac

Cacaatcagg

atagtgectgt
tctgaaatte
ttgaactatg
aaaagctcaa
ttgtcaggat
ggcagagcac
cagatgagaa
tacagcttca
tctaaatctt
gatgactcca
cgeccatggge
gagtcagetg
aggtgcatcc
ggagcaacta
gcttcagtat
tattcgagat
aggaaataca
tttatgagaa
ctaaggaagg
gacataaaga
ctcacccttt
ttgattaaaa
agggaacagc
taagaacagc .
tcctgtgget
tteteccatg
ctcattttaa
attttgtagt
taggcaaate
agatgtgatg

gaaggtaatce
ttgtaatgaa
aggtggtcga
gtaaattcag
tatgtaataa
acattgettt
gttttggttt
gtttttaact
aaagtagtgg
ttggtatggt
atgtctgggg
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aaatgcattg
gccgecatea
cacagggagce
cgtctcegta
tggaaagatg
gatacgttet
tttttttgtt
taacacttca
getetttttt
gttetgecaat
ttaccattee

tttcccatgt aattttttee

aaaagaatgg
ctctgaataa
ttaaacagte
ttatttttgt
ctccacagtt
agcaccaggg
gataaactgt
aaagactaag
tttatttgag
agccccagaa
ttacaaagca
acatttecag
ctggagacca
aagaacaatt
tteggttagt
aatcecttget
gacaccaaac
cccagegtga
gattgtagac
cttecattett
tgattaaact
acctgttttt
gtgtagegga
Eatgcagqac
tceccecette
aaagaaggaa
tcattgtcte
atggaagatg
attcagcacg
tcecgaatcaa
aaccetggte
taaatcaagg

ctééatgata

‘atacagacct

cattcaataa
aggtaaacaa
tgegtttggg
gtggaattgt
aggtaatgga
ctaaagcgat
aatcatgtgt
acaggagctg
taagctgttg
aggcttctga
gettgetaaa
ggtggattta
ggatcagtga
gtectttectt
ttcggocgac
ctgcagtaat
cctaatasdaa
aaaatactta
ggtcctecta
caggtcactt
gtagagcctt
ccatagaact
tttttaaggg

ggatagcaaa

tataaagcca
taaaccgttg
atactagccg
aaacaaagtg
atagttaata
gcagagtata

aagtttcaca
gtaattagat
atgcagcage
actactttaa
tectgegtge
ggtagagttg
ttttttttaa
gtagaacatt
aaaaaaaaat
gcattacact
ctgtgcatca
ctatataata
teccagataac
gtcagagatt
catatataag
atgcacatte
ttaatcttgt
tagtgcttte
ctgtegttgt

-acctcacaac

ctagggactg
gaggttaaga
acgetggtte
cttaagctaa
aactatgtgt
tattaaaace
gataattgec
cctctgaaat
gttttagagt
gegtecatagg
aaatttttag
attgcaaatt
tcagectaat
aatatacate
aaagaggagt
ataagettet
gggaattaga
tgggacatgt
aagaatacaa
acatgecctece -
tgtgaactet
aaagggtétg
aggggattac -
aagaaactga

Fig.20B
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tcagttcgta’

ttgtttcatt
tgtttggata
tcacattgte
tgaaacagta
ggtccgttgt
ttcageagag
ttcttecaag
taattttact
gactttgaaa
catactagtt

‘etggattect

gtataataca
gataaaataa
ccagcctgee
agcactgatt

cggttttaat:
acatccacat

tctgcaggac
atgettggta
cacatcttaa
tgatttgcta
tgececgacgea
agtgtgtgga
ttgaatggtt
tettgtetgt
ttcagatgga
cttccaggta
gegttcacet
aatgggagtg
gaaagatatt

agacaaatag

ctctgectge
tacatagatt
gctcaactgt
agtcaggaat
aggaggctgg
tccgaacage
agacataagc
cctgtttaac
gaagatttet
acacaatttg
aactcagact
tecettttga

tgaactgtgg
-cagaggtcag
cagggtccag
ggctcteeeg
getgecctgt
‘agccattttyg
aacagtaatg
agggagattt
ttaatgtgag
attéégagta
agttaacata
gatactaatt
tgggetteac
actacaatgg

‘tteccattgtg

gaatagccee
atagagagaa
tcctcacatt
aactgagcca
gecttetttt
cctcaacagt
agcacctggt
aagacatgca
caggtgaatt
cctccagaca
aaacttactg
cattgcaact
gectcecgaga
aatgggaaac
gcaggggaaa
tctttaacgt
aagtgctctt
ctttgetgct

‘tgettatgag

ttaaaatatt
tagctcttte
gggaggaata
ttggaaaaac
aattcagece
ttgtttaatt
ttagtaatce
cttttatttt
aggtctttac
ttgaagtata
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gtaaaaagge
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agataaaggg
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acacagactt
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tagactcaaa
ttaccttett
agcttcatca
attctacact
gggaacagaa
gactaggtgca
cagctttcta
gtttgtttac

cagaagtatt

gttataaaat
agacaatcag
atgtaattct
agaaaacata
aaacaagata
ctctaaagea
ctgtgaatga
tattgttgtt

tttaaatect.

atagagaaac
tcagataaaa
tgaagccatg
cgcgggacga
ggaaactggg
aagaaaagct
ttgactgeet
gttagggect
ggattaactg
tgggaaggaa
agaccttttg
gcaaaggtaa

tgtctttece

tagttttaat
gtaattttac
gtggtgtaaa

-gaaaaatcte

ctagactttt
tgaaaccacg
atacttgcte
ctgaactetce
gagtgcatct
tgtttttett
caaaaatggt
aaattctcaa
tttttetegt
acatttttaa
tttctaactt
gagagaggct
tgacagtgat
catgataaat
tatttatgge
tcagaaacag
taaccttcat
agagataagg
getttecatg
cagtggetct
'agtccaaagc
gcaagggaaa
ggaagaaaaa’
lcgagtaagta‘
-accactgetg

'tttatgtatt

gttgcateca
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gcaacatata
aggeecettge
attaggaagt
gctcagttct
tttttataga
gggagatttt

cacttegegg.

cagagaccag
atttcagcca
acaggacaca

‘adcctggasa’

tcaaatgagt
‘tegtaaatgt
ttacaggatt
tgtgetgttg
gtttttgect
attgggttcee
gattgccece
aagacattga
tggtgtgttt
ttttaaagag
cattaaatga
ctgacttgag
ttctatggga
agtattgcat
aatgcagcag
acccectgat
tgctaatgge
gtccagcaag
aggcaaatga
ggttaaagtg
ccaacattta
aaggaggatc
cacattgaat
agattattaa
attctgtgge
gctccattaa
gtggacagta
agcgttcaaa
tﬁctgccéta
attataatta
attttaatta

i;ggqggcagt aatctgattg

ataatgtggt aaatccatge

gattagcﬁtg
ctccaggetg
atgaaagctc
tgctecattagg
ttgagattgg
cctttttaac
tegttgeett

‘aggggatagg

tcttttcaga

>ttgtccctct"
aadagataaa

agtaatccaa
gagtcttaaa
ataaaaatgt
agtcttceeg
tccatacttt
atgcagagtg
tatttggcat
aaatgccaaa
tacaaagggg
cagcataggg

-gcaatattat

catctgtttg
attactgtag
ataggetggc
tctgtattaa
ttacaggcetg
ccattcaact
cttgctgect
caaaagaaaa
attaaagcaa
gectttgtagt

tagcaaacca:

gccaggcgaa
catattttee
tggtaagcac
acaagttgtt
gtggagtatt
ctactctgtg
cttaatttat
tttatttata

cagtttttgt:

Fig. 20C
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tatggcaata
agttcataag
atgttagaaa
ttgggcatta
tacttgtggt
tggtggataa
ggctgattaa
tcectggecta
aatctatttg
tagggctggg
cceagcteee
ccctecageca
atacaatttt
tatgccaaaa
ctttgagttg
tagtgetgee
ccctetetee
ccatttcage
acatccgcaa
tacaggaaag
ggctgcaaac
aattcagtge
ceccttctaga
aatttagacc
gggctgtaga
ccattactat
catatccagt

cagatccatt

ctcacateca
aaagtatttg
cctteagett
agctgaattg
tcattcaaga

‘ctacctgtga

gtgaaaagag
cctatttctg
tttcatgtat
atacttgetg
tetgeectta
aatagtgtge
gtgggcatac
ttatattatt
ttactaattt
atctgectte

aaaccaccat

atgtaaagge
tgacacgtct
tgtgagaacc
ctgggatgge
tatggcaaag
aacttcagat
acagcageag
ggcttcagge
gttatctgaa
tctecegetg
cagagectctt
taadaggggs
gcagtggget
aatggggceag .-
cagccttaaa
tgaacaacct
cattaaacaa
tcgggtcaag
tcteccacact
accctgtgtc

tgtttttttg

ctcttggatt
catttcactg
tacattgecec
gtagctttea
gecctgttact
tcatttgtet
agcaccttge
cttgttaaca
ttcaaacgca
ccctggecte
aagccetgec

gaagatattt

taggtgacca
ttattccage
aaattcaaat
atttcaaata
gtaattectet

‘tetttteatt

atttagagecg
atttttattt
attttctcaa
ccatacttge
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atccatgttt
agacttttga
gcatttttag
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attettttgt.
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gectetttgaa
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tgttgttcee
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‘atgaattata
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aatccecceece
atgatttcte
gtcttttett
cacggtacgt
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‘tagtggaaty
catccttetg’

ggctettgaa
ggeccecacce
tttaacaage
gecctacaca
agaaatctgt
gtatttgttg
aatacaaggc
cccaggtggg

aagggaatgg’

tcttgaaata
tagtaagcaa
cctgtgaaca
ggaacageta
cttttcaaaa
ggcaagtgece
aatcccagtt
cagttgtcce
asattttggt
caatcaatca
geegtggtte
ctatagcata
aacttctact
cctattaaat
tttaacectg
ttcattttgt
taattcaacc

catgatattt égaaaactgc

tagcactcac

Fig. 20D

tatgtgccag
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ccactctegt
gtcaacatgt

tgtgtgttta
aatccacatt
gagccagaag
atcettgete
atcagaattg
tgtacctage
ttegaggtac
ttgetatagg
ctagacatgt
cataatecca -
catgattgat
ttcatttcat
‘gacagdcaac
ctactagaca
ctttagggca
ccagagttcce
tccecaggtga
aacctttectg
agtccttgee
ttaattcage
agagtgacct
agcaagcaca
catttgectc
ctgtgggcat
gccaaagaaa
cgtcccagga
agccactgat
tgagtatgat
actgtagttt
tagccattta
atctctataa
caacatttaa
aacaccagtt .
aatttgectt
atactttcac
cattcettat

‘taagttctct

gactttctea
atattctagt
tggagggatg.
ttaactggtg
ctgctattct
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aactgcctga
tatatccata
catattgaac
atcttetgee
‘gcatgecattt
tttaattetg:
ttaaatggaa’
ggttatacce
ttacaataca.
taaaaattgt
gagatccatt
tttagagtet:
tccagettgt
gggattctgg-
~tgcaagtttg:
tctcttgact
cctggagacce
gaactcagag
tctecagtage
ttggtcaagg
caaagttaca
gtatggaagt
ggctgttttyg
caaagcecctg
tgaccctect
' tgcacacage
tcttatageca
attctttaat
gtcagaggga
agccectege
- ggtgaatcat
gaaggaaagg
tagtattgtt
‘aggcattcece
aatgagcaaa
ctttgaattt
aggagttcca
aggtgcécac
‘tgaaatccte
tttgtgagat
caaatctcca
cgtgtgtggt
aggtggttga

acgacaacad

caaatactce
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tgaaacctte

ataccaacgg.ggagactgtg

taataagtgg
tecctgettat
gcttaaagcea
tcattatcca
cctttgaate
aatggaaaca
taatagtcat
aacatttgat
tggtgagatg

agtcacaatt:

cagagctgag
cttettgeeg

gagccatttg:

ccaagtggtg
atgcageccge
tcececcageac
tgcttgtttg
taattccagg
gtggageget
caggaaccca
tagecectgett
agacgtgcag
ctgaageccca
cttgtaaact
aaagagaact
tacacagcca
gggtcecatg
tgggctgttg
ttttgtcaat
gatgggcaga
atgettgtea
tgtatgactt
tggatttgaa
ctttetctat
cctteoecttta
aaattacagt
cttttagtaa

cacceccett
cattttttct

tttttttttg
'gttttgtctt
tgatatttgg

atttaaacce

gctgttgeat.
gtgcatacat-

ttttgattta
tttgatataa
gaataatgat
gcatatattg
tgttecttgt
ctgagtgtagt

-aaatgecatt-

aagactcaaa
gtggattecat
ttgaaggaag
ccccttggtt
cggccagagg
atcctectte
aatcacttat
ctgaatgtgg
gtttctattt
gtctgatttt
tgtttttett
gaaaatgtct
ggaaggaggt
gtgttactgg
tggagagttt
cctattgage
gtaaacgaga
gccccaccaa
aggcaaaatt
gggttaaaac
ctgtagctga

"acgtgagect

cactcatatc
gtaaaccatt
tagactcttg
tgggaaagaa
tggagetage
ctcacttgee
tatctagcta
tttttttggt
taatttcatg
ggatcacaca

‘ttattttgga

‘ccaggeggty

atggtaacca
gccaaattgg
agctagtetg
ggagtagtct
gatggatcaa
tagtcacttt.
taaggttatg
cagcccattt
agtagtatte
tgggagaaaa
gtcaagctaa

tcaagtccag
tcagtacage

tgcatttteca
tcteccaacaa
ctecteeottg
agtatttaac
tgactaagca
tcctaaggta
gcttcetttt
ccttttcotte
cctgtcatac
atctgtgaag
gctgattata
tatctcatct
accctattta

.cagactcaat

aagggaaagg
ctttgtagtt
aaaagatatg
attccattte
ttcatcteeg
taaaacaaga
tttetttcetg
ctgaaagcat
gectgeagtg
gtgatcaage
cactgtacat
caaaattcat
aaataaagac
acagagattt’
cttaaagtts

Fig. 20E -

tatgagggaa
ttaattaact

gggccagggt
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gcacttttaa
tagccaaagt
ccctetttta

ttatcatata actadattaa

aaagtttgtg
cttatgatgg
tcaaatettg
aaaggatgac
ctttggtaac

.ggaggtcaga

ggagatagta

.ttttgggatc

gcttatttet
ccatctgget

“aatattggtg

ccatgcttag
ccaaatctte
tccaattact
ttctagggtyg
ggaaataaat
cacagttgtg
gatggtagca

cctaacttca

gcccacagea
cagcctgett
cttgattgge
tatgeccttat
tgcaaggtac
cctggaggag
tttcatttta
aaaaaaaaat
ctcteectaa
tttgagtttt
cgatttttec
gagaaccagc
gtgectcace
ggtttggaac
catcttgtet
cagcaggatg
agcatcccag
aggctgattt

ctgcattttt

aactagtcte
gatttctaga

gtataattgg
tcgtgtagtt
ggtataataa
tggagagtta
attttecttt
‘tttttgaggg
tgacatcttt
cgtgecaget
-acagcaaact
tttgatgtte
"gtcctggggt
catctgctta
atgectttta
ttcatgcagt
tttttgggtt
gggtegtect
'ggggegatee
gtacagacct
cgggetgtag
gacctagece
-gtaaagcaat
aaggtgaatc
taatttgtte
ctggtcgggg
caggaatgge
ataatacatg
atgatggtag
ctctagattyg
ttcaatgcca
cattcaggta
tggaaatgee
tataaataac
aagaccgtac
ctgaaggtta
-aaatttggeca

ccttactett
ttttggggtg
attttgatat -
aacttttgaa
tgattaatac.
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caaagtagat
tgacégtgaa
gaaaaaaaaa
gacttcagee
aaggagtcag
gactcatatg
cacagcatca
gccctctage
agtttaatta
gaagagttge
ttctecatctt.
'accéqcaccc

tagcctgete

tatttgtttt

acacatatac™

ttggaggttt
actttttact
cgctacaccee
ttaaagtgcea
tatttcttat
aaaactctta
attaaatgga
tcacatgcte
cacttecggaa
gcaggecccaa
tgcatecettt
ctecatctgea
aggctttgac
atggggtaaa
ttacatgact
atctttgaaa
tcacttattt
ttaaatagge
tcaaaagttt
gaaagatage
caaaagcatt
'accattcagt
gttgtcteeg
tattttcaac
tgaaatgaaa
tctcgccctg
cceccccdcac
cctgttacat

ataaatatta.

gattttttag

aatcatggca_

aaaagcttaa
agcaggattt
ttttcatteca
ctaattgtag
cacgcagcetg
tctgttattg
cttttettca
tazaactggtt
teccttttcott
atctagtett
Efégaébéct
aggaaagtgt
atccaaatta
aaagccgetg
ctaagcagta
cagtatttct
aaagggggea
tactgcetgt
tgtttgggge
agacatgcaa
atgatgcaga
aggagccttg
agtacatggt
gtcaggaggt
ttcggaattg
atttaattaa
ttcgaagtat
tttggtttge
tgtttgtaca
gagtéaacaa
cacaacttca
aagtctgtag
acaaagtttt
gactatttat
agcccaaégt
‘tgcagtcage
tgaaattage
agaaaaataa
cttggcagtt
atttattctg
gagtaacatg
aatatttaaa
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cctcageceat
cagataaaaa
actatgagaa
tgagecattac
attgtgcage
actgacagag
tatcaaatac
cagattcaag
aaggtatgceg
tgtgtgecega
gaaaagattt
tgctetecaga
tttcttttec
gaaagaaggg
‘dagcagasdaa
agaagatagt
gtatctggta
ctgatttcag
gtaaagtgct
gtetttegta
attcagagaa
gactgaagat
gtcecttettt
gtctttggtg
ggggtgaagg
gactggaaac
cagatgaacc
aaattaaagc

acttgataca

aactgctagg
gttcaatgat
gtttgttact
‘actaggataa
gecattaaata
tetgaaacta
tgcaaagaaa
‘ggtctcaggt
aaaataaaca
catctgetta
aataattctt
tgctctagag
- ctecacacttg
gccetgatte
tagatcttta.

ttataggtat
ttaaataaat
‘tactgtettt
atcacaaata
actgtgggcet
-gaaaatggat
aagttgaggt
tttgacaaat
tgatgaagag
tcagttcace
tgecttgtecat
tttataacac
ttgaataﬁat
gcacctgtga
‘tgteaaagee
ggtgccecteg
acctaattec
aataagtctg
atccacaaaa
ggecectgect
taccttatta
cctgeetgtt
gggagﬁattc
ttaatgetet
gtcaagggtt
accagccaat
agtttgtact
cttttatgga
gaacactggce
ctgagectet
taagcataaa
acagcttetg
ttttatttat
ttttaaatge
cattaaaaaa
acacagaaag
aaaggceggtg
gaacaacatg
caatgatcat
tgtggagagt
gtagaagage
caccagcatc

tcaagtgcatl

cgtgtgtaat

Fig. 20F
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gcccttetgt
acttctgtta
gagcacttta
aaaaacaaga
gtgaaattta
tgtgtttaaa

ctttgggceea

aaaactttce
gcacaaatac
gtgtgtttga

-tggtgtgaat

tttaatggtt
caggttcatg

aaacacgcaa

tccaatcact
ctggaagttt
gtataaacct
cgtagaaact
aaggaaaaac
ttatttatte
agetgttgea

tatgaagtgt

gtattecccaa
cctageteeg
tgggcttate
tacagcagaa
cgacttctcet
aaaagtacat
ttgggaataa
ttgtaaaget
ttgtatatat

‘tggactcaga

ctgettgtta
ttatttttaa
ataatgtttt
ctaaaaatca
tgtgtgacca
ccatatatta
atacactaat

aatgcgaatt

tttatgtgtg
catgtcagga
gataactgcc
attaggtaga

gaatttttta
ﬁtttcctgaa
aaataaaatt
ttaacatcaa
-atattatttt
taaaaggata
ggaactgggg
tttagactgt
acctcacctt
atttctgtge
tgtaccecee
ccaaattgta..
ttgcagacga
ttgttccaac
accttattte’
taaggtaatt
gacaccctat
tgttctgatg
attttccaag
attttataac
gcaatctage
gccatcaaat
gtgcacagag
tatagatgtg

-cagagcagcg

ctgcagactg
tcttecactgt
gttttccaaa
écctgtgata
gggatttaga
tecectttttt
gatttatgta
gggaattgca
agtcaattat
aatcttatca
ttctaagtee
tttgtttatg
ttgatgtgta
ggtataattt
gacttatgaa
ggcctectee

ctecaccttgt

ataattacac
agtggetetg .
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gatcgaatet gatgettttt

gtgtctgtct eyatttgggg

agttcctgtt
gcagtcagtt
ggtttectte
tttecgecatgt
tcttcteggt
atgtttgtgc
tggecgtggg
taaacttcte

atagatcagg
caatacaggt-

gaatgaaaat
attaggcceg
ttcattaatt
ctaatttttt
gtgcgatcte
ctececgagtaa
atagagacgg
acccgcctea
taaggactat
tagagatcca
aagtatccat
aagttcaata
tcatgttaag
ctatatttga

agccactgga.

ttceccaggea
tcctgaacet
tagtagagag

cctgtgtggg

cagactttat
aacagectce
gttacaagat
gaaagtcagt
tttcaaagtc
tagatgtget
aatataaacc
ggaactcaat
tcatatatat
acacaaatge
gaagggttge
tcaggcecacca
getecacatgt

tgtatetttt
actaacatat
cgtggacctg
attttcagag
taatctacac
taaggtgegt
tgggagggga
cactgctgge

cgaccactge
cagcagaaaa
cacatgaggt
tgttttaaac

atgetgtgtt
tattttttgg

‘ggctcactge

ctaggactac
ggttttacca
gccteccaaa
tttttaaagt
gtttagatta
gtagaagtat
ggtaatccaa
tttggaagee
ttcaaaggea
gttgcctatt
ggcectceag
ggagattgte
cctgctetga
acatgaatca
taaatgacac
cceccatgtgg
gaacattatc
ttagtaattt
agcataggag
gtgtagtttg
ccatcactte
tgttttcecat
tctgctattt
catgtagetg
acatctgage
ctgatgtgtyg
gegtgtettyg
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aaatagaage
tttacctgge
ttgttctgat
‘taactcatee
tcgegtectet
actacagcag
tctttggeca
gtagtatggt
agcagggagt
ttcccacgga
cteegtecaty

gtccagactt

gacctctgaa
aagcatgtge.
ctagtctatt
agacggagtc
aacctecegee
aggecgeccge
tcttggecag
gtgctgggat.
ttttacaatt
ctaaatattt
tagagtctag
gagtaaaaac
ctacttgagt
gggcatctat
tccactcagt
tgagaatgca
ttgatggaaa
cttcgeteag
ctettggtag
ctectctctaa
tatgggttgt
tgaacacaca
aaacttagec
aagtgtattg
atttgttaat
caaaatagga
taaaaaatga
gcataattgt
gtetgtttet
cgtggtctea
cttggtgtgg
atttccctta

tttceccacaa
ctagttatct
ctctttatte
ttgtttggaa
caggagagdc
‘catcaagtag
accgtgagaa
cagaggaaga
gcaatttegg
tecteetatt
ttcecaggea
gacatcccaa
ctctaagtgg

tegtagtgta

aatattaaag
ttgetetgte
tcteggatte
caccatgcce
gctggtettg
tataggegtg
atgactgtga
atgtctaatt
attggtgaaa
agattccaat
gtttccagtt
tgtettgett
atgcctcact
ccaagccaca
ggaagaggca
ggatggaact

tctttgettt.

ccactctetg

aactgtggeg

gaaagaaatc

agttatcatec’

ttgaatatta
gtgtctaage
actctgttta
tactattagg
ctggagtcca
tcctecacett
gatgactgee
agctagactt

acttcatgge’

Fig. 20G

catttccaag
gtetgggtgt
tgtgteaget
actttggeat
accaggtata
cecececageg

aacttgtaag-

aagaagcagg
gttcactaca
acactgggca
cectgtgaga

cgtgccatgg’

ctggtttatg

ggttaaaact

aatattgtgt
acccaggetg
aagcaattct
agctaagtgt
aactectgac
ageccaccacg
agttgaaatg
gagatgatta
aacttgaaaa
atcagatctt
tttteccacat
aggactgatt
cttagagtag
cgccatggece
gectteccet
ggtctggete
ttatttggge
tetgggegaa
gtttcectet
tgtatttggce
atcataattc
caaaatattt
aatcaaagca
ctgacttgat
aaactcacec
tatgtaatat
ttggttectg
tcggaagaag
tcectggete

ttatctatga
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cactgtcatec -
agaaactggt
aaatattett
atccttccat
ttgtcaéaca
atttgggttt
aaggcatcag
gaaaatggag
cagctcteea
aagtgcagaa
cccgataatg
tctggtetgt
ttttcagtgt
ttctgttgte
tgecataatga
gagtgcagta
ctgtectcage
tgtattttta
ctegtgatcece
cctggecaaca
tctaaattat
gacttagcca
agcttggett
ttcaccatag
tatattgtgt
cactgggaaa
cttececatgg
tgggaagcag
cccaggaaga
agttetctet
ttaaaatcag
gtttaacaag
getgtttttg
atccataatg
tttttaacac
agggcataga
acagaattea
tataacatat
cattttettt
taaatgtasa
gcctectggg
cetetteoect,
tccatgtgac .
acagcttgat- -
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18481
18541
18601
18661
18721
18781
18841
18901
18961
19021
19081
19141
118201
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ttgggggaaa aaaatgtgtt
actgaaatgt gtgcagagaa
cttcacctgt tttgtgtgtt
tggggctttg gacagtgetg
ttagtggttc tggaggtgge
ctgccaatac ttagaacttt
cttgctctecc agaaatgecea

cctecagtgtg tectgtaceg’

atctgcaaat agtggtattt
tcatteetat tttttgttea
ccttgggtgt ttaatactga

actatasatt cctaatgatc
dcataggtta cttgagttgt’

gaagtgtgag agttcceggg
ggccaggaga--gctgtagtte
taatttctte acttaaagtg
aaagctgcta aaccactcaa
cattgtttta atgagctcta
ctcacgtttt gccacagtgt
tagtgagett tgtcacgatt

‘agoctcceca ccacacttee

atagattttt aacaaagttg
ctggegtgtt tgtaaaatga
ctgaaaatat ggcctcaaac
ttectegacet cacecgeatca
gtcaagagga gtgacttgca
ggaaaaaaaa aatcctcatg
gettagtgag ccaaacttga
gatgtacage ttgggagggg
ggaaatgggt acatctggtt
gggcttgtaa tttaggaata
tgcaggctac aaaaggagca
aggcaggaat tgactcctgg
taagacagga gaaaaaggaa
tttgtactta ctgcceggca
actgtgtgtg tgttggaggg
tgattcagte tgttacttga
tctacagaga acacattgece
gtgatttgca tttgtcaaaa
aaatatatca ttgttataaa
tgaatgaatg tcatatatcc
ctettttggg ggttgtacag
ttcttececaa taaagagtgt
tttgtgetge ttcataacca
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tcccaatget
agggggettt
aggtccatge
agccaaaagce
tgattgeett
ttccagagag
gtgtgeetgg
actcagtggt
aatttgactt
attaatacat
attagtcaca

_agtggtctee

tacactcaca
aggcagagtce
aggctcteag
actgtgeget

ggattgggge

gaaacaatta
gttetgaaag
.tactttttac
getttgataa
gacagtacac
attaaaaggce

acagagatcc

gcaccagecaa
tggectggga
aaggaaacag
gacatagggt
gtgtaatgca
tggttaagga
cttecccctaa

gattaaggat

tgtttgtaaa
atgtcaggaa
tcttgectga
getgggggag
gaaactgaat
attcacaagg
gttctagaga
aattcgtttt
ttgctaaagg
taacacatte

.gggtttttaa

cactcatgca

ggagttataa
~tcetgtcatg
gtcatgectga
aagtgctcaa
' gcattttaag
gaagggtcag
gagggcatet
tctgtettca
caatttgtat
tatttattga
tgtgggactt
acttttctgt
gtactgttgt
aataatgcag
.ctcaactgca
atggetgttt
cttttgtatt
cttttgaaga
gtgaattaat
aagcgtatct
gcatcececeg
actgaatgaa
tcattaaatg

gacctgtege

ggaaacctee -

gatcttggga
gtaatgtggg
ttttcttaaa
tcctaatete
tagtagctaa
agaaaaggtt
ccttaaagat
gatgatcaat
ggtttttaac
ataaagaaat
tgtgttttgt
ttgaggggat
attcttcaac
gagttctgtt
agctcagtta
ccaagaaaga
tatgaatcca
“gttttecagdd

~ Fig. 20H

ccaaageccac.

ttgaatgtge
ctcattggge
aatgaagaac

aagcagetgt.

tagagaggga.
aaactgecatc

tcagaaatce
gaattcctat
aaatgttage
gcatctacte
gectgeccte

cactcataat

“ttgctgecat
actacacgta

-etetgteeac

atatatacge
gatttaatta
gccgaggate
gettttggaa
aatatgcata
gattgeegte
aactttacat
atttatatga
accgacccct
tgagacggtg
tgtgaatett
gcattttgaa
agagttttaa

agagctgaat’

tgaagectgg
cccttatata
tggagtgtat
gtcctaaaaa
ttaatgttta
ctcagcagca
tagcctecate
ccataaagaa
accacégaga
agtacacaca
tcacagaaag
aaaaaaaagg
ggtaédagcc
tagtatgatt

‘Eﬁﬁﬁdﬁtddc
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tgcagtcaaa
accagtgtgt
atgggatgta
gtttgtatta
ttgtagaaga

tgcagggete
agtctetect
catgtetgtg
ttctatttgt
tgtgtcagee
agggagctag
gtctggeaca
ggtgetttag
gtgaaaacat
tgagaagcca -
ttaaaaagta
aaggaacaat
aaattcttge
tcatcaggaa
ttgaaatgtg
actgaccatt
caaggaaggce
cttacgectt
gcgteccatg
agtgatgaga
tagttaagca
tgaagaagga
gatttgcaga
gaatggttga
gatgccecca
gtgectgtcetg
gagaaaccct
ggtcaaggaa
tggaatttag
catcagaatt
ccaaacattc
gatgaaattg
ggcetcecact
tggttgtttt
tttttttgaa
gaccatcctt
‘acatacattt
tctgttatgt
‘dttcdattage
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ataaatcata

aagaaagggt
taatgagcct
tgttagcact

tccecattaa.

aggctttcecag
gcttctgaga
gcagggacag
cacaactaat
taataaaaaa
tcttgatgaa
aagtattagt
Eaaétaaégc

aggaagagtt-

taaagadatg
ctgtetttee
aagtaagaga
ggcattgeet
ctttttttte

aactattcec
ctttatctet

tagtgaatta
tggattggaa
gcaggcttag

‘tgtagaagga

gaaagatecat
ctataagcat-
attaattgga
tagttgtéct
tatttctggt
cccattgttt
acttgtctgt
ggatccactg
tgccaatggt
atggtaaagt
tcagcaggta’
tttttettett

cttttgataa

ggctatcttg
ttatgctttt
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ttggtatggg
tgaccctgta
ggattcagag
ctgcttacga
tgttcattag
tcaggaacat
taaggggata
gcaaatacat
tgcaagtaga
tatcttttac
gatcagtgac
taattaacat

ttccctccaa

taaaaaataa
tacacaaagg

‘gectgatect

aaagcttaat
atgaaag;gt
taactgtcat

tttgaaattg
gtcatcatgg
gcgattettt
acgagetgag
gaagttdttg’
ggctaccaag
ttgtatcagt
ctcaagggaa
ggacactteca
gcatttgtaa
tgactaatta
caacagcaca
ttgacgaget
caaacatgtg
agtactgaaa
acagecttaga’
tccaaaatac
gaatctgaaa
taatactgtt

ggggtgecct

ctggtgggeg.

gttcttagge
atttctaagt
tttcagtttt
aaagaggaaa
agtettagtt
gaaaaaaaaa
ttttgcaget
gacattgett
tgataagtaa
gggaaactaa

ttctctgtgg

ggagatctga
tattacaage
gtaaggaaag
attcateccea
atgtgtagtt
aatttttate
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atcatcettg
tctctggtta
tttaatattt
gtgttgttag
tcagagaaac
gggaggaggy
ctaaagattt
gétttatagg

gaatcaatac '
ttgttcagtg
tttgaaacat
caggacaaca
catgececaat .
ctcaccacgg

gagggggtag

tggtttettt
tattgatetg
tgggattatg
aactcaatgg

agatttctac

22321
22381
22441
22501
22561

taggagacaa
aatattataa
aaaataccce
tﬁcaagaatt

attggatatt
agtttatatg
tcteceteaac
cagccctaac

atttgcecea
gttgataaag

‘tgtgccaaac

ctctggggte

ctggacaagg
aagtggactce
accaagecaga
cagaccaaga
tagaatttca

actggtacta
taaaactgtt
cagatgcact
tatcaaattc
gaagaacaaa

tacccacaga
ggccagtatg
attaagaagg
accatcaagt
gattattaca

ttatatgtaa

22621
22681
22741
22801
22861
22921
22981

"23041"taacagtcta

23101
23161
23221
23281
23341
23401
23461
23521
23581
23641
23701

ttgtatcaat
tggaaaaatt
cctgtgetac
cttaatagta
catttttaag
cacccatececa
cttaaggget

aaaccagatt
atacatatat
tatctgaggc
ctactatgtg
aggtgactea
tggtttaaaa
gacttcagtt
ctctaaaact
atgagccgca
ggetggegty
atceteceac

gtataatttt
tttttgttte
gtecceeccee
cagtattcat
ttgaaataaa
gaccattggt
tccattcatt
agggattcag
gagaagatgg
cagaagaaaa
ataatttgac
tgacttgtga
cagatctete
gacagctgtt
ttatactcat
tattagggaa
ttaggtagga
ctttattgtt
cagtggcatg
ctecagectee

attcatttat
cttaaaatta
cctttttett
taagtataca
tgtattatat
ggattttgat
cactcattca
cagtgaaagg
agctcateaaa
agacgaaact

acgetgttte.

ggatgtgaag
gtcagcgtea
cgegteatte
aattaattgg
ctgctatctg
gactcttggt
attttatttt
atcacagctce

aagtagctqg,

“23761 caagagctac acttcaaagc acagaatgaa

tttatagaaa
ttgtgacaaa
tttcaaagaa
tacccaaaga
gaatatattc
aggtaaatct
tttcgtattt
tggtaaaata:
ttegaaagat
tggtttgett
aagaagagat
tcagctgaté
tteccagggce
aagcaatgaa
gttgaatttt
ccactggttt
gatcaaactg
tttagagaca
actgtagect
gactacaggce
dacctatttt

- Fig. 20I

ttaagataag
taatttgatg
aacttcattg
gaaaaaaaaa
agcatctcta
tgtgecattge
attctgtgee
gcatgtttte
ggggatgaca
agtacattac
ggtacgtate
agcacatttg
cccaggtggt
gtctttttte
ccagtggett
attatttgee
aaactcttge
gggtctaget
tgaactcecag
atgtgecact
taaégccaac

ctatataggt
aaaatctatg
aatttgggac
cactagaatt
ctgacaaaac.
cttttctectt
agagactgtg
ctcaagaagt

‘ggtcacatta

tettttttge
cettgggtca
gagecccacge
gttaaagtct
ttaatttett
ggttaccata
ccaaggtgga

atctcaacet. .

ttgttgcega’
ggctcaagtg

gcacccaget

ttgatacata
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24901
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25021
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25201
25261
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25741
25801
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25921
25981
26041
26101
26161
26221
26281
26341.
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gagtagctta

agtatatact

agatggggtg
caggtaaaat
aagactttat

caggctggag

.tgattctect

tttttagtea
tgateccttee
gecttagtaa
tttacaggca

'ggtgggagaa

gggcagtgaa
acacccagag
ctaagttege
tgaaataata
gagcatttaa
tttataatta
ctettcatac
cteccttagag
tcttaataca
ttgggggact
ccagttgaga
tttcagatac
tgatctacaa
tttagaaatt
gaatggattt
acacacacac
agtgtttgaa
cggaaagtat
gacagtaaat
caaatctgag
tattgtgtge
cttgactttt
acatgaacag
cttcectaage
aaaacgecttt
ccaccttagg
ggacatgatc
‘ttaaaatata
tgtattttta
tatgcatcct
tatatatgaa

ccaagaatta
tagtaaggag
gccaagtatg
aaatggaaac
ttttetattt

tgecagtggeg -
-gcctcagect

agacggggtt
geettggect
agacttttaa
actgaaactg

-agaaggtegt -

cgecatgtecce
tetctettet
actgggogea”
tgcaagatat
taattgettt
taatattaat
cacactaaca
ttacgattta
gaattgaggg
gtcataaggg
ctttecagcag
ttgggaaaat
gtttceectag
aatattgact
taaaaagteca -
acacacacac
gttagtaatt
taaaatttac
aatattagca-
tgtetagttyg
toggtttettt
ccccagtgag
catttcagaa
ttaatgagaa
tagtattgte
gctgggeata
ctctgtaaat
gtcatcacac
aacacactaa
cattcattct
tggtcaccga

43/54

gtaacaacaa
taattattat
cagcatagta
tttaagettt
tattttattt
tgatectegge
cccaagtage
tcaccatgtt
cccaaagtac
agtaagactt
atcagatgca
ggtacgggaa
‘Eaafgcgtgg
tactttaget
agtggaattt:
gcaaataatt
ttattaatac
ctacacaata

ggttcattge:

ccatgcaaaa
tctcaagttt
ctgggtggag
agttgaaaga
atagaagcca
aaaggaaatg
ttgtattget
ctactttgca
acacacagte
tttatatcag
atgtatattt
tttgagttea
gtaagegcct
ccatggagag
gagtagtecca
gaattaaacc
agtcaatttt
attgttctag
caaatgcaat
tctttaaaaa
ttgtgagttt
gtattaacta
tctcatagat
cttaaaatag

Fig, 20]

ggttatttgt

caacaagaaa
aaaataaaag
gggaaatctt
tggaagceta
tatttttgag
tcactgéaéc
tgggactaca .
ggccaggate .
tgggattecea
tttcagtgaa
tttattaaga
gaggggacac:
atgcagceea
tatgacttca
tagtaaacat -
gtttaccaac
atgagagatt
acgacatcta
agttactgaa
gcatatggta
gaaactacga
gactcaggge
ctteccacgat
atttctcace
ggaaatgcag
tctgcataag
tatcagacaa
aagctctgta
tacatttata
ttaacacttce
gctttaataa
tcagaacgag
gaaaaagaga
gagggactga
aggaacctag
atttctttga
ctaatgatgg
ataggatcac
catttaattt
cagacgtgaa
agtccectta

ttccacttaa
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aaaaagagag
cattctgaaa
tgaaaatgta
acaatgtatt
acggagtctc
étccacctcc
ggtgtgecget
atctggatct
ggcgtgagee
agctactgtt
aggttaatgce
actagagatg
cgtccacega
cgaagaatge
taagagttta
atctectttge:
tgtatttaga
ttattttett
ctactctgge
gectgggata
gaggctattt
taagaagttt

.ggegtaggea

caccctacag
agaacaaatg
ttccaagaca
atgcacacac
ctggettttt
aatagtgcta
aaatcgttgg
attctacatg
cagtgttata
cctgatgectt
cttgcattgg
agtecctactt
actttaattt
cggtetecte
ttgttagtgt
gatttgtggt
tatgaatttt

.ggagatatgt
‘tttttaactt
tttetgatgg

atttttcaac

aatgtggtag
tgaaacaggt
aaatagttac
Eatattagta
tetetttegt
tgggttcaag
aatttttgta
cttgaccttg -
accgegecetg
aggcatgaca
ccctaggtgg
agatgecccta -
taéfgccgéd )
tttgcaaatt
acctttagtg -
ttaatgtggt
agcagtttaa
tttttggaaa
catcagagct
aatgaatctt
gaatgttget
gccaggaagt
gaggaaggeg
caaagctcat
ttaaaatagt
ccaaaacaat
acacacacac’
tgagaaggaa
ggtagcatga
ttcactttga
ggtttaacce
ataaatatgt
tggaggagtg
ggagtaccct
gctagtectg
atttccctaa
cagtttcaag
ggtttcaaat
gttacctget
taatttgaac
ggcaaactga
gtggcaaaat
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27721
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27901
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28081
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28741
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28851
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gtttattgga
atcaagtatc
cttgtttaga
gcataatgag
tctgaagaga
taatttacct

aaataactgt-

ctccagttga
tgcagcattt
gtcagcaggt
tggttattet
ctaccaaaat
tccagtgaac
ctcccaattt
catcttgtgg
tgtgagatce
ccttggcaaa
ggccctcatt
tatgtaaaat
‘ctaagcaaaa
aaagaatcaa
cttectetget
tactgaatge
tatagattte
atttgatgaa
taatcccecatt
gaggatttct
tatttetaac
ctgtgecattt

aacagatcaa

ctttgacaag
tgacagcacc
ttattacttc
aggaagtgtg
ggaccccaaa
cacgtttcag

tgttataaaa
tttttgttca

agacagggga
cttgccagga
aattttagta

ttgegttate-

gegttgttte

tacatttaag

gtattaaatg
aagacatage
attgactttt
atctcctaat
ccttttettt

aacctetagt
.tgggaaattg

tactgggaaa
tctgtgcctg
ttggtgtgte
accttcgeat
catgtgagte

‘agtagctaca

agcttcatat
catagtcegt
accctgtgtt
gtctteetta
ggttcagttg
tggaaagctt
tcacaaaata
agcagaagaa
tttgatttac
actgttcttt
ttttagaata
ttatttatgt
tggtgataca
gtttgatacc
ctacagetgt
gggatcttgg
catcttaggt
taacttaacc
tgcttcacag
cacctttgac
aggctecagg
agcttggetg
taatgctgea

getettttgt

tggaattgec
ggagtcttca
ctttttetea
gcatcctaat

-actgaggeta

tgttatttet

tteccagtgt gtgtcagtga

gattaaagte

tattttcaat
cccacctaag
tcaagtgace
cttcaagtaa
attatgtteca

tattttatta

cctattttea
geettettgt
gtttagttte
gaccetttge
aaaaccttge
agagatggat
gcagagetgt
ggettttgeca

.aagtcatctt

gttcatggea
aggaacactg
tctatagett
cacaaacagc
aagtaaaatg
cttcagagte
ttatttctgg
agcaagatag
tagaataatg

acgataaatg-:

gcaacatcag
ttgtgcataa
catctttgta

gggatacage

tgagagtetg
cctgtetgee
ggttgatggg

accaaataca

ctggaggcag
atttgaagte
taacttaatt
ccttgagett
caagettgtt
gatacatata
gttcectgtt
gtggtataéa

gctgggaaag.

gaacatcatg

gactcetgat
tcagettctg
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ttaatgatat
‘tcatggagceca
tatttcagta
tgrcaaagatg
gatctttaat
ttgtctttaa
agggaagctg
gttegtagee
ttttcagagg
aacagctgtc

‘aaaataaccec

gaaaaatgaa

-tagacaaags

ttattttget
tcecgaaggac
tcctettgga
aacaagtctg
tttatttttt
tttgctattt
cttccacaaa
tgttgcttat
ggtgtaggtt
ttacaggagce
tgtgggctgt
tagcaaaagc
cctgtecattt
tggctgeatt
ataggatatt
accaccacca
gggtctggaa
tcagtectett
aatccagatg
tataactaag
acctgtgtte
catccataaa
ataagatctt
cctttaccaa
agcagatcct
atcattttte
acacaatgaa
tegtctteca
tagatcagece
tgaactcctt

tgaatttaat-
‘cttaacttga.

. Fig. 20K

tttcagctta
tctgtatatg
. attageccctg
gagatattat
tgccttaaaa
agtttttttt
tgtcttagac
tttatcegta
cgacacccag
cttacgaagg
acaaagaggt
tgccattgtg
‘Eaaccgtatﬁ
gcaaatcecat
tgtttgatta
ggececteecte
gagaagetge
attttttttt
tttagacatg
tataatgaaa

gttaagcata:

tggcaagtag
tttcaaatgt
ataaagcgat
cacatttcca
gggtecctetg
caagcattta
catcagaatc
cccteeccect
gacccgagtt
catctgtaaa
tggtgggata
agttaacttt

ggctgeaage -

atggaactee
ctctetttgt
gaaacatgea
ttgtaagace
ccaattteca
aatagtgtct
gagaagaaaa
cattagtctg
ttctgggtgt
atgaataaag
gattgcactg
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ccttgtgett
ggtttttatt

ggcctgattt -

ggccatgtgg
atagagtagce .
aatgttcatg
ttactaaatg
gagttttett
agctgaatga
ttetgtggge
tttegtecaca

ttcatacttt

aatgaagege
agctaagaca
aaggttgtte
actctecatg
catttcttag
taataaagag
tacteccactt
caatattctt
tatttgtttt
tactgaaacg
cctcttaaca
tatgtgcttt
tcattaaatg
attgaggggt
aactcatttt
ttgeccagaga
gtccaagaga
cctgagtgece
gtggggataa
tagaaaatge .
ggagcagggay .
tggagaggat
agagagttta

‘cttetttcag

tttatgtatc
caaaagagac
tgttaccage
ctttattgat
tgtgtcaggg

‘ataattegaa.

attaaaggtt
ataaattctt
agaaactect
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129101
129161
129221
29281
29341
129401
129461
129521
29581
129641
129701
29761
29821
29881
28941
30001
30061
30121
30181
30241
30301
30361
30421
30481
30541
30601
30661
30721
30781
30841
30901
30961
31021
31081
31141
31201
31261
31321
31381
- 31441
31501
31561
31621
31681
21741

ggcetcteggg
aagaagaaaa

atcatgacag

aaaatgtate
tataaataat
cttaataacc
aaaatagccé
cttaagagte
gggaagtgtt
tagagcaatt
cagttggcca
gegttgttag
agtaaagata
cacatgttgc

gettgtatca,

ttgcaatcat
ggccattggg
tttttagaca
gttagcaagt
aaaaatctct
acaagtgcag
cctcaagetg
tttgcaagtg
ggggatgaag
atagaacatg
ccttattggg
tgtgatgtee
ttgttatatt
agagatgaac
ctgggtecatt
gatgtgcacc
gtatcttgge
attatgtget
ttagatatta
tacagctaat
ttctttaaaa
aaaacacaat
tttettttet
agtggeagtg
actgcaactg
agctaatgac
gtacggccca
gactctecac

aaggctgget
tatattaagt.

tatagecggag

-agetgetgtg-

caagaattat
ttggtatectt
tggacaatgce
.pgggaacatt
agatgcacag
acatttgtte
gtggcettea
tttatcactg
tcaaatgteca
tttacaacag

gtatgtatge

atacatagca
gacattttgg
ctgcecceccaa
aaaaggtggt
tactcttaat
actttaagee

caaacataca
cagttttgtt

gagtgtaatt
gttttttgeca
gtattectttt
tececcetggac
gttactactg
atctaagctg
ctaaactgte
tctgecteeg
aatatcattg
ctceccacea
aaggatattt
ggaaataatt
tcactatcce
atagacaata
atgtgagetg
tecctectatet
caagacatgg
ggctggacaa
cttgcaaaca
ttccacctgg
tgttccacag
attggccact
cttctatgtg
ttttetgaat
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tcacgacctg

‘gacggagact

ttaggaattg
tagcacctta
tagagaccta
catcaggaag
accégacaag
ctgaagttte
catactcttg
tgagaaaget
gaaacaaaac
tgcctectgg

-atacataaca

acagcagaga

tactgacget,

agttgaacta
tatagtggceca
tccatttttt
cctcaataga
agtagaggtg
ggctggetgg
gatctcatta-
ttggtgaagt
attggcacaa
ggaataaggt
gtctctagat
tgtgtgteca
agcagacatt
atggatgttt
catgcaatta
tgaacttttt
taatgattga
cactcaaaca
ttecectggga:
gggaattatg
agtcattgct
tagtagattt

ggttttattg

gatatccaca
gcatgtagtt
caaccttcat
gatgggccga
cccggattee
aagttactta.

tactgtggea.

gggatgtctg
ctgttcacat
ctcagaataa
tttatggett
gtacaagaat
ataaaacttt
caaatactac
aaaatctcgg
tctecactttyg
gaaacttagt
tcagteccagg
gtccaaacat
catatgtégé'
agctcatgaa
ttgtcatata
agaaaatcct
atttgttage
caataaatct
aagttgctac
gtatgagact
ctgecatagaa
cagaggagcc
agcccatttt
acgcgggaaa
tcatgtgtag
ggtcaaagca
tgagagtgac
aattcggteg:
tccacttcag
gtgacagtag
actctgaccce

gactgtcaga_

cctgcttete
agtttcattt
ttttatettt
attgecagtgg
tggceccatat

ggggcttata

tggceetgtg
catctatage
ttaatccaga

‘gggctecaget

ctagetcagg
ttcttttace. .
ataagaaacg

i I?ig;.ﬁZ()I,
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tcccatatgg
taaatgacat
aactgcctte
tttaaaggtt
gaaagaggac
aaagcaaaat
tttaacttat
getgagtgtt
aagtctagaa
gtgagtagct
geecgetggac
ctaagtgcac

gacagcagag

ctataaagga
ttgtgtaaca
acagggtact

tcttatgaat
-atactatttt

atcatatagt
tcaaattecce

ggactgatgg
aggetgggtg
gttgttectyg
ttgetetgga
ggcaaattta
aacaacatgt
gcattttete
ctggtgaagt
tgecactegt
aaagagctag
tttecccaget
atcttcagag
catggtﬁcag
ttaasaatct
agaactctta
tcatctggee
taagcatate

tacaaggaaa:

gecagtgagcet
attttcactt
acttaggace
gttectcata
acacatattc

attgactete.

gtececttaaa

ctctgtgtgt
cacctaagcc

attatttcat
cactgggatt
aggcttettt
aaaacacatg
ttgtatagtt
tgatcactta
acacaggtct
tagtacaatt

.ccttaggeecg

gtg;agcaat
tatacgtaca
tggactgtat

.tataaccage,

aggaaaggaa
tttettttte
gtgtttttat
gattaaaaat
ttagccaagt
attggcagac
acagttgtgc
atgttaaaca
ttcttagagg
gataggggea
ccatctaage
ctctgecagtg
cccacegect
ctcgcaatta
agggttgtgg
agacctttte

caggeactgg

aatattttca
gatgettaag .
cattattett
gectattttt
aagaatgact
gagagagtcc
gggcaggaaa
aacaccaccc
tcgagtecct
gacaaggaat -
aggtgtgtct
atgttecccac
ttatactaga
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31801
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33541
33601
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33721
33781
‘33841
33901
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134021
34081
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...34441

agaaéagctt
actgagagat -

aaagtgatgt

aatagtttga
tctctageaa |

tttttttgtt
teccacctgea
ttttectcaa

ggggaaataa

aacaaacaaa

gtactgtctg gtctttctea

tttcttgate
acacatgtge
gccagtaget

tataccecct
acctgecatce
ttccaggtet

attgctattt gacattcata

tagaatttct
agtbcbgtaE
tcaaaacctt
tecatgttta
gaatatttga
ttgataacat
actcaatttt
agtgttgeat.
ctgctttaag
tatcatattg
ttatacagtg
gagaaccatc
tttettettg
tttgggagge
ctgtgaaacc
tgtagtccca
cttgtggtga.
‘tctcaaaaaa
catttagggg
gatgaagtge
gaataatgag
cagtgaaaaa'
cttttggcaa
aacagtcatt
tctaagttag
agtttcagaa
aaatagataa
ttcttatttt
tgtggtagaa
gtcacggett
caagataaca
ggaagactceg
gaatagttece
catgagagta

cetgttctag
ttctccctca

cctggtatec

ttaagtgcac

acactcttet

aattaaagaa
cttcagteat
agaatctact
agaaaagtca
ttttcaaaac
aacgatattt
ttttagectgt
tcatcaagta
aaaataaatt
cgaggegggc
ccgtetctac
getactegog
gccaagatca
aaaaaaaagg
aaagtatace
tatgtgattt

geceteggaa

cacataaaag
attaaataga
tatttttgge
catcttaaaa
attgaattct
atcttagett
tcaacttace
gaaaacagta
tgetttecat
gtecttecgat
cctaagaagt
catagatatt
acttgtgtee

 Fig. 20
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ttgtttttta
taaatcgtca
cagaatttat
aataaacaac
caﬁéaéagtq
gaaaagcgte
atgtgtacat
actttctget
gtatagtcaa
cggtttttaa
atgtggtgtt
gtgtceaage

-tttctecttac

atacaaacaa
ttctgagete.
ataaaactgt
atttcaatge
ttttccaaat
ctgaagctaa
acaaccatag
tcacgggtga
ggctceetge
gagggcttgt
ctgggeeggyg
ggatcacgag
taaaaataca
aggetgagge
caccactgea
aaaataaatt
ataaaacttg
gaagtaatge
agtcatgatt
gaagaagtta
tgtttetgtt
attcagtgaa
gataactgtg
tgtttctaga
cctaggttgt
ttattetttt
atacagtttg
gttgttactg
cttcagaagt
ccaaattagce
gacagagaat. .
agtgcagetg

ttttgaaatt

taacttttaa
taaaaatcaa

tccataaata

gggggttggg

agtgtacatc
gtgettgeac

ctteegtett
agatacctat
tggttaaaag
tattgcttta

.ctcgeatage
.caagtagaag

aatcaactta
toggtagaat
accattttet
tggcaaagag
tattctgttt
gccagttatt
caatgtggta
aaaactcaca
atgcaaaata
tttgtttaaa
cgeggtgget
gtcaggagat
aaaaatgagc
aggagaatgg
ctccagectg
cttctgtatt
ctctaagata
tgaatttttt

atatttctca

gaaaaaaaaa
tcagaagatt
cactatcatt
aaactcaagg
gtacatagtt
atattcacac
tgtttttttg
gtttgttgtt
gattatgett

ctgtatcaag:

aaggctagca

gttcataaaa .
tatgtaaggg

M
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atgttaaatt
cagtaagatc
gacaccaage
atcttatgtt
ggaggtgcag
actgagecctg
gcacacacat

~ttcactettg

ggcectgaat
getttatgeg
ttttgtgact
atgatggecac

caattaagta

ccaaactgct

gtectattat

ttaagagcat
gaggggagtt
agtgcagaaa
acttcttaat
ttaattcaag
catcctacat
agagttaatce
ttaactttge
cacgcectgta
cgagaccaaa

cgggtgtggt

cgtgaacctg

ggtgacagag
tttetttett
aggcaaattt
aaatatatta
tttttcteat
tgaatgaaat
ttattaatta
tccatgttta
cattcaacta
tgaattgatg
taattatttt
acactcagat
gtgtttgtgt
tttttaatte

cttaaggaaa
tgtgaggaca
tgctacgtgt‘

caacgttttt

ttttttetta
ttagacttag
tgttccaaac
gttaaacatg
tttattgeca
gacggtatgt
gtagacacge
agtgtctgta
gtettcactg
aaagctgtga
tttecteteag
ctgtaaacte
atatatgtea -
tcaaagttgt
tgttcatcat

ccatttgtac
ctaaactgtg
actaattaat
gcatgattta
tgattcttce
cactgatagt
aaatgtcagt
taagtataaa
atcctageac
ctggctaaca

ggegggetece
ggaggcagag
cgagactceg
caagtgaggc
ggtattatag
aactaaacaa
tttaaagcca
tettttttte
actttaaaga
gaacttttet
cattaatttg
tcagggtgtt
tttatcagee
ttgatagcce
ttattttaaa

‘ttecagtttge

ctgatgtgta
tgetggaaaa
tttgtggtta
attctgacga
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34501 ctctgtggﬁt'téééégaccc
34561 agttgataca
"34621 acaaatacgc

34681

tgcttcatte

aatacttgct
tacattttta
tttccataag

34741 ccecgtttcac étctctgtgc

34801

tgtccatectg

34861 gectggagett

34921
34981
. 35041
.35101°
35161
35221
35281
35341.
35401
35461
35521
35581
35641
35701
35761
35821
35881
35941
36001
36061
36121
. 36181
36241
36301
36361

36421

36481
36541
36601
36661
36721
36781
36841
36901
36961
37021
37081
37141

gagtactact
ttecagtetg

atactcttee

cagatggcag
gaactttttt
gtagtgactt,
acaggctgta
tttctggtaa

"atotgggecte

tgtgatttca
agatacaaag
taaaaattee
tggaaataga
ctaagecttt.
gttttattte
tttagectgtg
gtgatgagga

atcaagtata

ctggagttte
tcatttectaa
ccctttataa
tatcttccag
gaatatagca
gcaagcacac
catctgtaga

cttttttttt

ttcttatgca.
ttccaattga
ggtaaaccta
attaaaagaa
aagtcatcag
ctectactgtg
aatctttgac,

tetttetgtg

tttagcaaca
agtttgagtg
gattccacct
cetttcactt:

attagcacac
agcctecetgg
tecetettect
ctttacagtt
cagtgactaa
ctgtgtggtt
gctgagecagt
ctatatactt
aaatgcceat
tttttaaatt

taaaagetta’

tttatgtage
aaaaactaag
cagtacattc
ttttttttee
cagagettct
agagtteget
tcactgttca
tgtagcaggg
aaatagactg
agttagtacce
ctcatggcaa
gcaaccaagt
taccectttge
gaaaaactgt
tcceccaaac
ttttteette
aaaccaagaa
acacagcectt
attttaatac
gggagctceg
aaaaaaatca
cagtttctece
cctgttttte
tgtettttec
cactgeectt
aaaagtcagt
cacttttgeg
gaatgaagta

ctttctatat
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tggatgctta
tccaagtgte
aataatttga
aactgtgata
cagtgagacc
tgttagcaat
gagcagageg
_ggggatgggc
actcactggt
gaactgcaga
tcagatgtge
aatctctacc

.actacatgea

gtatctttat
tgtaaagtet
gttataacaa
aatactatga
tataatgaac
aaatgaacaa
caagcattag
tggtgactat

gccaggaagg

aggagggggg

gagaagaaag
aagtcatttt
agtgtactaa
aaatectttee
atttgggatg
aagtcacagg
ctgcattcag
aagcaatagce
ttcaactecta:
ataaadaagt
cctcctactg
tctagagatt
cacaaaagca
aataatgtge
ctctgeagac
tcttgetgat
ccctcaagat
cagatctcat
tacttacttt
tgtaggttca’
aaccaaacat

tcatgtctct
catctgeect
aataccctca
ccattattct
catatatcgg
gtggtggact
gtgaacatca
taaaaagcac
tetetttttt
taagtatagg
tgcagaactt
cactggaaat
gttagaceeg
taagecctatt
atttttttee
tgttattttt
ttgtggetgc
taacaattta
tgaaaataat
caatttcttg
tgcaggagaa
aggtataatt
tttaggaacct
gtgattttea
gaattacgtt
ctgggttaaa:
tggtggaacg
ttattttgat
ttgacttaaa
actgttecage
ctgtggette
agacttgaat
tttecactett
tcttatagte
ttacatttgt
ttgatattca
acctettgtg
gcagttctca
actcatttaa
taaaataaat
tttgtcattt

gagtaagtaa .

tttatgtget
tttaaactat

Fig. 20N

ctgttggact
ctectecate
atagtattta
gtaggatttt
tgcaaatecca
adaacacagecc
gatgaagaca
agccagaaat
ttcctactea
tgcaaataga
ttagacgatg
taggcectgg

‘tgaagcaaaa

ttccaactgg
tgagccaagg
tctatetctg
attagatcac
ttttcactet
tgcagaattg
ttatttttca
atcagaatat
gggataggag
cagcataaga
ctatgggaag
atacttgtaa
acagttcatg
tgtaactgta
attagtagtg
aggaaaagaa
ccacttttge
agaggaacct
gtttecctet
aaaggtgcaa
tgtggatgtt
ggttgtecaag
gaaaaggcac
cttocagttt
attctattta
ttgtttttet
acatctgtat
ttecagecttag
ctcaaagtaa
tgtgaattta
cagccagata
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tcttcaacgg
ctggcecccat
tatttecetgg
tttgtgette
gaagtttgat
aagatgtggg
tgtgaaaatg
attcttgeee:
gataaccagt
tggcaaaccg
tgaacgcaag
ggggaacaat

gottttaaaa

atagagaaat
‘gaaaaaaaat
"aatgattaaa
gctgatagaa
ttctctaagt
tctecectgaaa
aaatcagecsa
taatcttgtg
actttttttt
attacactet
ctatacttac
agtttacctc
gcaccttaga
ttttaaatge
aatttttcag
gcaaaatgct
tccccacgtg
acaaaggcag
tcecccacaca
agcagtttca
aaattataga
acceccgtttt
tgacctacaa
gacaaagcag
caagtaactg
tttggatctg .
tccteccett
tgttgaaact
gttaactttg
aaaacattgg
gagacatcag

‘gcagacatat cctaattttt tagasaaatc aaataggaaa.
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attctcaaca
gctcatagaa
catatttgga
ggggectgte
aaatgacgéé’
ctgecacgttg
cccattaaat
tttttetett
caaacagata
tgcccagttt
actgtaaagt
gtetttgttt
ataagtgect-
tgcatataga
tgtetttogg
agtgttacaa
atatgaaaca
ctccacctte
gtacctggeca
tctaaagaga
ctgaaaatgg
aattcagttg
gccacaggac
tccegecaaca
cgtatgttet
ttectggtata
ctcetggtet
tcttgaagca
gaaatggctg
ttttgaagga
aaggagaaag
tatccattte
cagaaaactt
ttcatgtaaa
ttatttttaa.
ggtgtgeccag
gectgettcat
ccgatgeeca
gagccactga
aagatcageca
atagatagat
aaaatatcca'
acagaagagt
ataattattc.

aaatgtcate tgcaatgett

attaattgaa
actcatagtt
ggagggaaaa
gtgaggtogg
ttaacaggeg
tgecacatgta
aattaaaaag
ttaagctgte
ctgtetgett
cccgggaaaa
ttaagcaagce
tgaggaaaac
tatttttgta
acttgtttge
atttattttt
gccaagactt
cttttgttec
ttttctetee
gectatctet
cagaacaagg
taaaatgatt
gtgaacacca
ccagaatgag
ggtagtttgg
tctgatttac
cq;cttaagc
agtgtttaca
ggaaatctge
cattaactat
tgccatecect

tgcctaaata

tctttattte
gtgactaaga
cttggettat
tcagctacat
acaagagcca
gacgccactg
ccttcattcg
cagatttect
aggtagaatg
agatagatag
gaatgaaaac
tttgttcatt
ttctaattaa

gattataget
- tgaagectet
gggaaagage
ggactggggg
cagcccacca
ccctagaact
‘atttttttta
tgctgaatag
cttactacce
atttatccac
actcagagaa
agtgaaagta
gttaatataa
‘tgacctactg
accagaaaat
tgatadtcag
ttgcececttg
tggaacttga
‘ttacagcttg
atgtgtttaa
ctgteettee
gcaagtggcet
tggtgggeat
ttgaagaggt
aaaacgatgg
atgecataagg
gaacttggat
agtggaggaa
tttgectette
tttatttata
aatttggagt
tttttotttt
gtgaattctt
tgatttectg
caaatgggte
tgaagatcct
tgacctggtg
ctecttetttt
caagtcaatg
tctattgeea
atatttcttt
taaaagcttyg
gtgactttte
.aaattggtat
tgcctgecaa
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ctgetetgaa
gggaggaaag
agaatgaaga
agggatagca
acatggcaca
taaagtataa
gattcacaga
tttcttaatg
ttccaagaca
agttacagaa
gcacagtgat
aagttaattc
tttcagtgga
tttggaaaac
caatecetttt
gtagaaaatg
aactttaggg
actgtaattc
agttacaaag
atagagcata
ttccacteet
ggtaaaagte
gtgtgtgaac
tgactaaggt
aggaaaaagg
ctgaaaaaag
gcttgacaaa
gcaggtgtgg
tgagtttgge
gactaacatt
cagatagcat
tetttttgge
atttttcaaa
atttttcttt

tttggaggge

catgaaagtt

‘tagcccccag

tagttttcaa
tactaagett
tagatagata.
ttaaaaagca

‘tgecagttttg

caatatagat

agtagtcaat .

atgcaagaat

A

~-Fig. 200

atggtccaga
gatactttaa
actgaaaaaa
ttaggagata
cgtatacata
taaaaaaaaa
agtgtacaaa
gtctacaatg
agtattatta
gaatgagatg
atgtatgcac
aagaccacaa

-atgeatattt

aaacaatecee

ttcagtecct
gatttaaatt

gaatgaaaat
aaagectgtt
ctattcagag
ggctgttgaa
cactgetgag
ceccactttet
cctetattea
tgacattgge
ggagattttg
aagacaaggg
cagagcgtea
ggggatgatt
cccaaaagag
aaatcagtca
acgtgeggea
tttcagecate
ttgttttecag
atttttttgt
ctggataace
ggacaaggta
ctagtatggt
agcaaaccct
ttattggaga
gatagataga
aaacactttg
ctcatttetg
aacctattgt

caacttgete

cectatagtt
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aataggatct
aatttagtca -
atcacacacc:
tacctaatgt
tgtaacaaac
ttttaatage
atttttaggt
tttgtatcta
tggcaattat
caattgtgag
agaagaggca
agacaagtaa
ctaccataaa
attagaagaa
tgcaaagtac
‘gcagaaatgt
gtctagcact
tctecattaaa
acctegetgg
aaaaaaaatg
gtggagaggg
cteccaggget
gccagagttt
agtaataaca
aagacctgat
ttgtgggagg”
agctaattgt
accacgtttg
tccatagact
tttgtgaagg
gtgtttecga

ccecatacttt

acatttcatg
tttgtcecatt
-aggagggagg
aagaccatct
gctaatgttg
tetgecacttt
tctaagagtt
tagataatag

gttcaaaatc
aatcttgact
gcagaaagaa

agttaaattg -
tocacagatg
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gecteacgtt
atattcttgt
tgttgaaata

atcatttgtt

aagacgtcca
aaaaccaaat
tcttagtagt
c¢tggdagtta
taagaacaaa
ctgtaagtge
tatcaagctg
ctaatcecte
ttaaatggta
ttgtttecaca

taccagataa

tctgtatttg
agttttgtat
caatattcca
caagatgtgt
ttttttagtg
ccaaatatat
caggcccecet
ttctttagaa
aagagcaata
ttecectgeeg
tggctgtcac
tgggagggta
agacgaggta
tcacattttt
gaccttttet
ggggaacaac
catcttecate
caggaagcac
gcgeagegge
ggacagegtce
catcgtccag
accctggtgg
gtttgagagce
cctectegga
gtgaacacac
tatgcegegt
gaageccaagg
ccaggatgce
taccggactt
gtecttactg

ctaaacctet
atttcacagt
tatatgcagce

tttcatatag

gaactagaag
ccaggtataa
atcttaaaag

‘cagtgatcag

ataactcatt
cagttattag
gttgtcaact
atctaattat
acatttttaa

ttttecatgt

aattgtececgt
ttaccatget
taggattgtt
tceettteeca
caaattcttg
cttaacattt
tttaagtgta
cacteccttec
ggcaggccct
ccacataaac
ctgececeagg
cgacagtctg
gggaagtcce
ttggcgagge
aagggtcata
gtcteegegt
atccteggtt
gtcatcatca
tcgeegeage
aacaacaacg
ttetgeccte
gagatgecee
tacctgtget

ccgcgtgctg

agagcccgte
acgctceccetg
cccacgtcte
gaagacagtg
acgectggaa

gtcacacgga

tctcactegt
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gaaataacta
actttgcata
tcctaaaget
atgcaagtte

ctggtacaaa

cagcatgatc
gtagggcaga
gaatctttge
ccaatgaaag
aactactctg
ccagcttaaa
atctaageca

atattgcata-

aasagaaaat

egttgacett.

aatgaaggtt
gtgtgettge
agagtcaagg
tgacaaactg
gggctggeag
aatcaaataa
gegttecega
ttgaaggttt
gctcaceget
ctggctgaca
tgectcttget
tcctagagat
aaagtccage
aaagcagtecce
ctgcaggttc
ccgaagtgge

tcacgetggt

acacgaccac

gctcagagcee:

actacgagaa
cgcagagece

‘ttcccagagg

gagaattgac
gcgetggaca
gaagctggaa
ctectegaag

gtttgtggac:-

gggcecggett

gtataaccat
aagactetta
agatattgtc
tgctggatca
tggaagaagt
tgtgtgtatg
gtctaaégac
tgtcagtgag
tcatatatte
tcaggecaaa
gctgatgtta
cagagggttt
atagtatttt
attaaacagg
cgttttctta
ttatagagta
ttggtegttg
agggaagttg
ataaatggat
tctgtteaogt
tacagacgag
gctgttetgt
gcatgaaact
gacctggaga
cgggttagaa
ggataatgat
acctctcatt
ttctagttag
gtctgcactyg
tagcacagac
cttatttgea
ggtecctettg
gctgtegete

cagtgacatt

ggtecagegge
ggcgaacatt
acacctaatg
tgaagcacag

gcttacctag,

gactgtgcag
ccatgtgctg

‘gagagggctg
ctgectggag

cctegggeta. gttaaggtat

tctgttacce

agggctetge

'Fig. 20P

tttgttttaa
tgttcattgc
agatgtetgt
accaggaata
tegacaacaa-
gaggtctgtg
ttctaaccag
tcattattaa
aaaggagtag
ggtttecattg
atgtatatgt

~aattgatcet

ttcaggtagt
teccetgacaa
acagtcttgg
gctgttgage
tgcaaattta
ttatttctaa
aatataatga
gtgagagttt
ttacgagctg
tctgecagga
cecctttetea

.attggccact

gatgaagcaa
acaaaggaaa
tccttttgeg
taataagect
ggacagcagt

.ggcaacagcg

gggattgett
ctgaagtacc

.agcacactgg

atcateceege
gactacgggce
tactacaagg
tcececgatgee
caccggggga
tettgtagea

‘aagacgeccca

cggtcactca
tgagcatcect
tgcatttcce
gcaaagatct
agcacctecac
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aagaaaaatt
tattecatgec
gccgtaatta
aagatccaac
gtcecetttgt
ggtaccacat
ttaggattag
ttacactcaa
agttcatgag
gectgacattt
aattaatgtg
cttctaaatt
tategttatt
aagtgtagaa
aacaaatagt
agacatcagc
tcgtctgeag
ctttcaatga
tgccaggecag
ctgctgeett
aacattttece
ggcagggcte
aaggaggcgg
tccettttte
gatcaaggge
ccctgtgget
ttgagetectt
ggcttatttt
aactatctct
ccggacatte
caggatgcat
ggaggagaca
ccacacccaa
taaggactge
acceggtgta
tctgagaggg
tecettgagg
gagggacact
tteggecttg

ttcggactge
ggectetgea
ggcaggtgee
ccgeagtgea
ctagagttta
ctgagaccte
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cactccacat ctgeatcact
ggcaacaaca gcttcagtece
tgcectttag ccagatgceta
ggggetgggg asdagggetgg
gttggaaagg aaaaaagaaa
cgaagaggcc agtaggagac
ctegetgtta-tcaaatageg
agacgggtat tgttgggaaa
gatatattcg ggcaggactg
gagagtcggt ctgctttgga
ttattaaaca cagggaaagc
tgaaaaggca, aaggtcaaac
ttatctataa aaggtaggtce
gagccttacg acactttggt
actgatggag gctgcagege
cttagagtcc ttaagacgga
tatttataat aggtatatag
attttaaggt tgcacacagt
ggtcccaatg ctcagegett
tcattccaaa aagaacaata
tctcacggaa ccgtagacta
catcatatat ttaacaatga
tgcct&atgg gctgaagtgt

catggaacac
atgggtaatc
ggctgtetge
ctgcaattge
aaagcaatta

-acgacagcac
-atgtgcagga:

ggaacaggct
ttgtggtact
tgatttttta
atttaggaga

‘aggctgtaat

agatcccect
ttatgeggtg
ceggtgetet
agtaaattat
aacacaaggg
acacaccaga
aaaaaaacaa
atgagagcaa
ggaagtacga
caagatgttce
tctqtaga
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tcatgtetgg
cgttcataga

gaagaaggct

agctcactge
ggtagcacag
acacagtgga
agaaaagcce
tggagggaag

‘ggcaataaga
‘agcagactca

atagcagaga
tccatcatea
ccecececaggt
ctgtecegggt
gtgtcaaggt
gatgtccagg
atataaaatg
agatgtgaaa
attggacage
atgcaaaaat
gccccacaga
cggegtttat

Fig. 20Q

agtccecectee
aattgtgttt
aggagttcat
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tccageeget
gctaacaagg
agaagggagt

tgctgectet gaaacagaaa

cactttggtt
ttccagtgea
ctecttcatte
ggagaaagta
tacacagecte

.gctgctatac

gccaaatctg
tegttgttat
tecctecttec
gccagggcetg
gaagcacata
gggagaagga
aaagattttt
ttcatttgtg
tacttctggg
aaccaagtece
gcaggaagece
ttctgegttg

ttgetgagat
tggggaggca
cggggaacaa
ggecgetgat
cgagctgtag
ttatcacatt
acctaaaagt
taaagaatcc
cctececgatt
cagggtcggt
cggcagacct
agataggacg
actaatatat
gcaattaagt
aaaaacaaca
teccgaaggea
gatgtgactg
ggtttteecect |
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

gcgecggaget
ctggggtgtt
tatctattgg
acagatagga
gtatgaatat
gaaggaaaat
caagtttcaa
ttacattata
gtgccagaca
atcaaccagg
aagttcgaca
cgccggacat
ttcaggatgce
ccggaggaga
ggccacaccce
gctaaggact

gcacccggtg

ggtctgagag:

cctcecttga
gagagggaca
cattcggcct
cattcggact
caggectctg
ctggcaggtg
ccccgcagtg
ctctagagtt
acctgagacc
cctecageceg
ttgctaacaa
atagaaggga
ctgaaacaga
ttttgctgag
catggggagg
tcecggggaac
taggcecgetg
tccgagetgt
acttatcaca
tgacctaaaa
attaaagaat
ccecteccega
tgcagggtcg
tacggcagac
gaagatagga
ttactaatat
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EphrinB2, mRNA

gggagtggct
ttgatggttt
aattcctcga
gacaaattgg
tataaagttt
acccctctece
gaattcagcc
tctacatcaa
agagccatga
aataaagatc
acaagtccct
tcggggaaca
atcatcttca
cacaggaage
aagcgcagcg
gcggacagceg
tacatcgtcc
ggaccctggt
gggtttgaga
ctecctecteg
tggtgaacac
gctgtgcecge
cagaagccaa
cceccaggatg
cataccggac
tagtccttac
tccactceccac
ctggcaacaa
ggtgcccettt
gtggggctgg
aagttggaaa
atcgaagagg
cactcgetgt
aaagacgggt
atgatatatt
aggagagtcg
ttttattaaa
gttgaaaagce
ccttatctat
ttgagcctta
gtactgatgg
ctcttagagt
cgtatttata

atattttaag

tcgccatggce
tatgcagaac
actccaaatt
atattatttg
atatggttga
tcaactgtgc
ctaacctctg
atgggtcttt
agatcctcat
caacaagacg
ttgtaaaace
acatcctegg
tcgtcatcat
actcgccgea
gcaacaacaa
tcttetgece
aggagatgcec
ggtacctgtg
gccegegtge
gaagagcccg
acacgctccc
gtcccacgtce
gggaagacag
ccacgecctgg
ttgtcacacg
tgtctcactce
atctgcatca
cagcttcagt
agccagatgce
ggaaagggct
ggaaaaaaga
ccagtaggag
tatcaaatag
attgttggga
cgggcaggac
gtectgetttg
cacagggaaa
caaaggtcaa
aaaaggtagg
cgacactttg
aggctgcage
ccttaagacg
ataggtatat
gttgcacaca

Fig. 21A

tgtgagaagg
tgcgatttce
tctacctgga
ccccaaagtg
taaagaccaa
caaaccagac
gggtctagaa
ggagggcctg
gaaagttgga
tccagaacta
aaatccaggt
ttccgaagtg
catcacgctg
gcacacgacce
cggctcagag
tcactacgag
cccgcagage
ctttcccaga
tggagaattg
tcgegetgga
tggaagctgg
tcecteectega
tggtttgtgg
aagggccgge
gacctcggge
gttctgttac
ctcatggaac
ccatgggtaa
taggctgtet
ggctgcaatt
aaaaagcaat
acacgacage

cgatgtgcag

aaggaacagyg
tgttgtggta
gatgattttt
gcatttagga
acaggctgta
tcagatcccc
gtttatgegg
gcececggtget
gaagtaaatt
agaacacaag
gtacacacca
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gactccgtgt
aaatcgatag
caaggactgg
gactctaaaa
gcagacagat
caagatatca
tttcagaaga
gataaccagg
caagatgcaa
gaagctggta
tctagcacag
gccttatttg
gtggtecctcet
acgctgtcgce
cccagtgaca
aaggtcagceg
ccggcgaaca
ggacacctaa
actgaagcac
cagcttacct
aagactgtgc
agccatgtgce
acgagagggc
ttctgecetgg
tagttaaggt
ccagggctct
actcatgtct
tccgttecata
gcgaagaagg
gcagctcact
taggtagcac
acacacagtg
gaagaaaagc
cttggaggga
ctggcaataa
taagcagact
gaatagcaga
attccatcat
ctccececcag
tgctgtecgg
ctgtgtcaag
atgatgtcca
ggatataaaa
gaagatgtga

ggaagtactg
ttttagagce
tactataccc
ctgttggcca
gcactattaa
aattcaccat
acaaagatta
agggaggggt
gttctgetgg
caaatggaag
acggcaacag
cagggattgc
tgctgaagta
tcagcacact
ttatcatccc
gggactacgg
tttactacaa
tgtcccgatg
agcaccgggg
agtcttgtag
agaagacgcce
tgeggtcact
tgtgagcatc
ggtgcatttc
gtgcaaagat
gcagcacctc
ggagtcccecct
gaaattgtgt
ctaggagtte
gctgctgect
agcactttgg
gattccagtg
ccctetteat

agggagaaag

.gatacacagc

cagctgctat
gagccaaatc
catcgttgtt
gttcctectt
gtgccaggge
gtgaagcaca
gggggagaag
tgaaagattt
aattcatttg
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2701
2761
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2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321

tggcaattaa
ggaaaaacaa
cctcecgaagg
ccgatgtgac
tgggttttcc
ggcttcaggt
ttctgggaaa
atctttaaca
aaatgtagcg
tgtcacagaa
gtgtgtgtat
ctacaatata
gccacagtac
aagagtttct
gaaaaatggg
gttttggttc
ccaattgaaa
aactgtccct
tatgatcgtc
tgtaaatagg
ctttttaata
tacatagagc
attttgcaat
aatgaggaaa
taccatgaat
tgagttataa
atctgcttta
cacatctgtt
aaaaaaaaaa

gtggtcccaa
catcattcca
catctcacgg
tgcatcatat
cttgccttat
gacgatttag
caagaagagt
tagtcctgtt
acagcatttt
attatgatcc
gtgtgagtgg
tattatatat
atatgtaatt
tgtaagccat
aaatagtctg
tatgctaaac
agtgttctgt
ttgtttgaag
cctggtcacce
ttcagatttt
aaaatacaca
aatgttggtt
gtatttagct
aaatggtata
atttatttaa
atattttttt
gtttcacatt

tcaaactgaa

aaaaa
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tgctcagcge
aaaagaacaa
aaccgtagac
atttaacaat
gggctgaagt
ctgtggctec
aaacaggaaa
actatggtaa
aaggttctca
tctatttcet

‘gtgcgtggta

atctatatca
ctttccatca
cagaagttac
attttaatga
tgtgaaaaat
gcgtetgttt
ttggtttage
cgactttgga
actgtctatg
tgaaaacaag
ttttataaag
acagcttgtt
aaaggttgcce
aatttcgttg
ctttetttgt
gcagttagcc
tttgttetta

Fig. 21B

ttaaaaaaac
taatgagagc
taggaagtac
gacaagatgt
gttctctaga
ctcctectgt
cctacttttt
cactttgett
gacctccagt
gaacctggaa
tacatgtgta
tatttctgtg
ccccaacctce
ttttaggatg
aatcaaatgt
cagatgaatt
tgtgtctggt
tttggaaagt
atttgcacca
gatttggggt
aaagaaatgg
tctaagcaag
taacggcagt
aaattgctge
tccaatttgt
tttattttaa
ccagaaaatg
aaaaaataaa
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aaattggaca
aaatgcaaaa
gagccccaca
tcecggegttt
atccagcagg
cctecceeecge
atgtgctatg
tctgaattgg
gagtacctgce
atgatgttgg
catatatgta
gagggttgcce
tcctttetgt
ggggagaggyg
atgtatcatc
gataaaagag
gcagaatatg
tactgtaaat
tcatgtttca
gttacagtag
cttttecttac
atgttttgta
gtcattcccee
atatttgtge
aagtaacaca
tagcctgtca
aaatcecgtga
atattttttt

gctacttctg
ataaccaagt
gagcaggaag
atttctgegt
tcacactggg
acccectece
caaaatagac
aagggaaaaa
aaaaatgagt
tccaaagtgce
taatatatat
atggtaacca
gcattcatge
gcgagaaggg
agttggctac
ttcecetgecaa
acaatctace
gccttgcttg
gtgaagatgc
ccttattcac
ccagattgtg
taaaatctga
tttgcactgt
cgtaattatg -
gtattatgcec
taggttttaa
agtcacattc
cctatggaaa
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EphB4 Precursor Protein
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Fig. 22

EphrinB2
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Fig. 23
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