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ABSTRACT Advances in screening technologies allowing
the identification of growth factor receptors solely by virtue of
DNA or protein sequence comparison call for novel methods
to isolate corresponding ligand growth factors. The EPH-like
receptor tyrosine kinase (RTK) HEK (human EPH-like Kki-
nase) was identified previously as a membrane antigen on the
LK63 human pre-B-cell line and overexpression in leukemic
specimens and cell lines suggested a role in oncogenesis. We
developed a biosensor-based approach using the immobilized
HEK receptor exodomain to detect and monitor purification
of the HEK ligand. A protein purification protocol, which
included HEK affinity chromatography, achieved a 1.8 X
10%-fold purification of an ~23-kDa protein from human
placental conditioned medium. Analysis of specific SHEK (sol-
uble extracellular domain of HEK) ligand interactions in the first
and final purification steps suggested a ligand concentration of
40 pM in the source material and a K4 of 2-3 nM. Since the
purified ligand was N-terminally blocked, we generated tryptic
peptides and N-terminal amino acid sequence analysis of 7
tryptic fragments of the S-pyridylethylated protein unequivo-
cally matched the sequence for AL-1, a recently reported ligand
for the related EPH-like RTK REK?7 (Winslow, J. W., Moran, P.,
Valverde, J., Shih, A., Yuan, J. Q., Wong, S.C., Tsai, S.P.,
Goddard, A., Henzel, W. J., Hefti, F., Beck, K. D. & Caras, L. W.
(1995) Neuron 14, 973-981). Our findings demonstrate the
application of biosensor technology in ligand purification and
show that AL-1, as has been found for other ligands of the
EPH-like RTK family, binds more than one receptor.

The pivotal role of receptor tyrosine kinases (RTKs) in
regulation of cellular growth and differentiation has triggered
considerable interest in the identification of novel members of
this ubiquitous protein family. Screening techniques, which
were not dependent on function, brought about the isolation
of numerous novel RTKs for which the ligands were not
known. Many were EPH-like RTKSs, which comprise the
largest RTK family known to date (1-19).

In contrast to the PCR-based approaches used for most
other EPH-like RTKs, human EPH-like kinase (HEK) was
identified on the cell surface of a human pre-B-cell line with
monoclonal antibody (mAb) IIIA4 (2). HEK protein was
affinity purified on a mAb IIIA4 column (2), and its amino acid
sequence revealed homology with EPH and the predicted
amino acid sequences of other EPH-like RTKs [ELK (3), ECK
(4), and ERK (5)]. The sequences of the mouse (MEK4) and
chicken (CEK4) homologues of HEK have also been reported
(6, 7). To date, at least 28 members of the EPH subfamily have
been identified in diverse vertebrate species including ze-
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brafish (8), frog (9, 10), chicken (6, 11, 12), mouse (6, 13-18),
rat (3, 5), and human (1, 2, 4, 19, 20), and their expression
patterns suggest distinct roles in developmental processes.
Structural features of EPH-like RTKs include an extracellular
N-terminal domain of 10-20 highly conserved cysteine resi-
dues followed by two fibronectin III repeats, a hydrophobic
transmembrane segment, and a cytoplasmic domain with
characteristic features of protein tyrosine kinase catalytic
domain. Overexpression of HEK in leukemic cell lines and
some leukemic specimens (2) and of EPH and ERK in some
carcinomas (1, 21) and ECK in melanoma (22) suggests a role
for these RTKs in oncogenesis.

The BIAcore (Pharmacia) biosensor has been shown to be
a sensitive tool for monitoring receptor-ligand interactions.
This paper provides evidence that BIAcore technology could
be applied to identification and purification of the ligand for
HEK from a complex protein mixture. In this case, the
BIAcore technology had the sensitivity to replace a bioassay
and provided a specific monitor within a classical protein
purification scheme, yielding a 1.8 X 109-fold purification of
the HEK ligand from human placental conditioned medium
(HPCM). We show that the amino acid sequence identified
this protein as a member of the emerging ligand of EPH-like
receptor tyrosine kinase (LERK) family.

MATERIALS AND METHODS

Conditioned Media. Cell lines and cell suspensions from
tissues were cultured in either RPMI 1640 or Iscove’s-modified
Dulbecco’s modified Eagle’s medium, with the minimum
serum required for optimal growth, to produce conditioned
medium. Supernatant fluid was recovered from confluent
cultures, filtered, and stored in aliquots for BIAcore analysis.

HPCM was prepared from normal placentas obtained from
the Royal Womens Hospital, Melbourne, as approved by their
Institutional Review Board. Each placenta was dissected into
0.5- to 1-cm cubes, washed with phosphate-buffered saline
(PBS), and cultured in 75-cm? tissue culture flasks containing
60 m] of RPMI 1640 medium supplemented with 5% newborn
calf serum (HyClone). After 4 days of incubation, supernatant
fluid was harvested, centrifuged to remove cells and debris,
and frozen at —20°C.

Production of Soluble HEK (sHEK) Protein. The extracel-
lular region of HEK was generated from HEK cDNA (7) by
PCR using primers based on the 5’ untranslated region
(5'-AGATATGCTCCTCTCAC-3') and the end of the extra-
cellular domain (5'-TTGGCTACTTTCACCAG-3’) with a

Abbreviations: HEK, human EPH-like kinase; sHEK, soluble extra-
cellular domain of HEK; RTK, receptor tyrosine kinase; RU, relative
response unit(s); SE, size exclusion; mAb, monoclonal antibody; RP,
reversed-phase.
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terminal in-frame stop codon in the antisense oligonucleotide.
The PCR fragment was cloned into the pEF-BOS vector (23)
and clones were analyzed by DNA sequencing. The sHEK-
pEF-BOS DNA and pSV2neo DNA were cotransfected into
Chinese hamster ovary (CHO) cells and transfectant clones
were selected with G418. High producer clones were selected
by screening on a IIIA4 mAb-derivatized BIAcore sensor chip.
sHEK was extracted from sHEK-CHO cell-derived condi-
tioned medium on II1A4 Trisacryl beads (2) and eluted with
3 M MgCl,/25% ethylene glycol/0.075 M Hepes/0.1% Triton
X-100, pH 7.2. The eluate was purified to homogeneity by
Mono Q HPLC (5 X 50 mm; Pharmacia) using a linear NaCl
gradient (0—600 mM in 20 mM Tris/0.02% Tween 20, pH 8.5).
The identity and concentration of the purified SHEK in the
final preparation were confirmed by N-terminal amino acid
sequence analysis and amino acid analysis.

Biosensor Measurements. All measurements were per-
formed on the BIAcore biosensor equipped with CMS5 sensor
chips and immobilization reagents provided by the manufac-
turer (Pharmacia). Immobilization of mAb II1A4 or sHEK to
the sensor chip surface was carried out essentially as described
(24, 25). Parallel channels of the sensor chip were derivatized
under identical conditions either with nonrelevant proteins or
in the absence of protein and were used as sham-derivatized
sensor surfaces in control experiments. The conformational
stability of immobilized sHEK was routinely monitored by
measuring the BIAcore response to the mAb II1A4, which did
not react with the denatured protein (M.L., KM., RJ.M,,
L.A K., and A.-W.B,, unpublished observations). Denaturation
of the immobilized receptor was achieved in situ by injection
of 0.5% dithiothreitol in 6 M guanidine hydrochloride/5 mM
EDTA/50 mM Tris, pH 8.0, over 20 min. Screening of cell
culture supernatants and column fractions for a putative HEK
ligand was performed by injecting aliquots (35 ul) of 1- to
10-fold concentrated samples onto the sHEK-derivatized sen-
sor chip. The relative BIAcore response expressed in relative
response units (RU) was determined as the response 30 s after
sample injection relative to the response 10 s before injection.
Receptor binding was monitored as the relative response of a
sample minus the relative response of the same sample incu-
bated with 10 pg of SHEK per ml for >1 hr before analysis.

Purification of HEK Ligand from HPCM. The sHEK-
specific binding activity in batches (0.9-1.0 liter) of 10-fold
concentrated (YM-10 Spiral ultrafiltration cartridge, Amicon)
HPCM was subjected to sequential 30-55% ammonium sul-
fate and 4 M sodium chloride precipitation prior to application
to a phenyl-Sepharose column (16 X 5 cm) in 4 M NaCl/20
mM Tris/0.02% Tween 20, pH 8.5. The column was eluted at
7 ml/min with 20 mM Tris/0.02% Tween 20, pH 8.5, and the
NaCl concentration in the eluate was determined from the
conductivity in individual fractions. Active material was con-
centrated and dialyzed (YM 10 membrane) to 50 mM NaCl
and further purified by Q-Sepharose (6 X 5 cm) chromatog-
raphy at 5 ml/min using a 40-min gradient of 0—-600 mM NaCl
in 20 mM Tris/0.02% Tween 20, pH 8.5, at 23°C. Active
fractions were passed through 10 ml of protein G-Sepharose
FF (Pharmacia) before extraction on sHEK Sepharose (1 mg
of sHEK coupled to 0.5 ml of packed CnBr-activated Sepha-
rose). After a 1-hr incubation at room temperature (end-over-
end rotator), the sHEK affinity resin was washed with 9
column vol of PBS/0.02% Tween 20 and eluted with 3 ml of
50 mM diethylamine/0.02% Tween 20, pH 12.2. The column
eluate was neutralized immediately by addition of 1 M Hepes.
A homogeneous HEK ligand preparation was obtained by
sequential fractionation of sHEK-binding activity on a Super-
ose-12 size exclusion (SE) HPLC column (300 X 10 mm;
Pharmacia) at 0.25 ml/min (50 mM NaHPO,/0.5 M NaCl/
0.02% Tween 20, pH 7.4) and a u-Mono Q column (50 X 1.5
mm; Pharmacia), which was eluted with a 40-min gradient of
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0-600 mM NaCl in 20 mM Tris/0.02% Tween 20, pH 8.5, at
a flow rate of 100 ul/min.

Peptide Mapping and Amino Acid Sequence Analysis. Be-
fore proteolytic fragmentation, the u-Mono Q-purified HEK
ligand was rechromatographed on a narrow bore RP300
reversed-phase (RP) HPLC column (1 X 50 mm; Brownlee
Lab) to confirm the homogeneity of the material. After
reduction (dithiothreitol) and S-pyridylethylation the RP-
HPLC purified protein was desalted from the reaction mixture
on the same RP-HPLC column and digested with trypsin
before multidimensional chromatography as described (26).
N-terminal amino acid sequence analysis of purified tryptic
peptides was performed on a Hewlett-Packard model G1005A
protein sequencer operated with the routine 3 sequencer
program (27).

RESULTS

Screening of Conditioned Media for a Putative Ligand
Source. In an initial search for a potential source of HEK
ligand, the relative BIAcore responses of concentrated cell
supernatants were evaluated on a chip bearing immobilized
sHEK. Using this approach, high nonspecific responses be-
came apparent when selected samples were analyzed in par-
allel either on a sham-derivatized channel of the sensor chip or
on channels decorated with denatured sHEK or irrelevant
protein at comparable densities. To increase the specificity of
the assay system, it was necessary to monitor the reduction of
the BIAcore response (i.e., the HEK specific component of the
total response) in samples supplemented with a competing
concentration of sHEK. In a survey of some 150 samples of cell
and organ conditioned media, supernatants from human pla-
cental tissue cultured in the presence of supplemented new-
born calf serum gave small but consistent SHEK-competable
responses (see Fig. 3B Left). These initial results were con-
firmed by analyzing a number of partially purified extracts
(ammonium sulfate precipitation, HEK-affinity extraction,
and SE-HPLC) of concentrated HPCM. These procedures
resulted in an increase in the competable response, and size
fractionation of crude samples suggested active material in
fractions within an apparent molecular size range defined by
the standard proteins bovine serum albumin (66 kDa) and
lysozyme (17 kDa).

Purification of the HEK Ligand from HPCM. The purifi-
cation of the protein responsible for the HEK-specific biosen-
sor response in HPCM was achieved by a protocol that was
aimed at reducing protein complexity, and associated nonspe-
cific binding, before receptor affinity chromatography. Se-
quential precipitation of proteins with ammonium sulfate and
sodium chloride reduced the total protein level ~3.2-fold and
some 54% of the initial activity was recovered in the 4 M NaCl
supernatant (Table 1). Subsequent fractionation on prepara-
tive hydrophobic interaction and ion-exchange columns
yielded a 13-fold purification of the starting material (Fig. 1).
To deplete immunoglobulins that coeluted with the active
material in most purification steps, active fractions from
Q-Sepharose were passed through a protein G-Sepharose
column before sHEK affinity extraction. Although enrichment
of the specific response was achieved (Table 1), both the
activity and protein profiles (Fig. 2 Left Inset and Right Inset,
lane 1d) of the sHEK affinity eluate indicated persisting
heterogeneity. Additional fractionation on SE-HPLC and
u-Mono Q columns yielded an apparently homogeneous HEK
ligand with apparent masses of 28 (SE-HPLC; Fig. 2) and 23
(SDS/PAGE; Fig. 34 Inset) kDa and a specific binding re-
sponse to sHEK (Fig. 3B Right, sensorgram C) of 7.7 X 10°
RU/mg. A comparison of the specific activity with the HEK-
specific BIAcore response of crude HPCM (Fig. 3B Left,
sensorgram C) revealed an ~1.8 X 10%-fold purification.
Approximately 9% of the total HEK-binding activity in the
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Table 1. Analysis of purification of HEK ligand from HPCM

Total Total Specific
protein, response, response, Yield, Purification,
Purification step mg* RUT RU/mg % -fold

HPCM concentrate 29,780 13,020 0.44 100 1.0
AS/NaCl precipitate 9,200 6,975 0.76 53.6 1.7
Ph-Sepharose 2,872 3,380 1.18 26 2.7
Q-Sepharose 483 2,769 5.7 21.3 13.1
sHEK agarose 0.156 2,400 1.54 x 104 18.4 3.5 x 104
SE-HPLC 0.0045 2,340 52 X 10° 18.0 1.2 X 106
u-MonoQ 0.0015 1,150 7.7 X 10° 9.0 1.8 X 106

HEK ligand was purified from batches of 10-fold

concentrated HPCM by sequential ammonium

sulfate/NaCl (AS/NaCl) precipitation, Phenyl (Ph) and Q-Sepharose LC, sHEK agarose LC, SE-HPLC,

and p-Mono-Q HPLC.

*Protein concentration in eluates from SE-HPLC and u-Mono-Q HPLC was estimated by comparison
with the absorbance (peak area) of a standard protein.
TBIAcore responses were expressed as HEK-competable RU per ml of undiluted sample, and these were

used to estimate total response of the preparation.

starting material (29.8 g of total protein) was recovered as 1.5
ug of pure ligand (Table 1).

Amino Acid Sequence Analysis of the HEK Ligand. N-
terminal amino acid sequence analysis of the ligand after the
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FiG. 1. Preparative hydrophobic interaction and ion-exchange LC
of a crude HEK ligand preparation. (4) Phenyl-Sepharose LC of the
30-55% ammonium sulfate precipitate of 1 liter of 10X HPCM,
adjusted to 4 M NaCl and cleared by centrifugation (10,000 X g). The
column was eluted with 20 mM Tris-HCl (pH 8.5) containing 0.02%
Tween 20 and the decreasing NaCl concentration (- — —) was estimated
from the conductivity of individual 2-min fractions. (B) Q-Sepharose
LC of the active fractions (20-40 min) from A dialyzed into 50 mM
NaCl/20 mM Tris/0.02% Tween 20, pH 8.5. The column was eluted
with a 0-600 mM NaCl gradient (—--) and 2-min fractions were
collected. Elution of proteins was monitored at 280 nm (——) and
HEK binding in samples preincubated with or without 10 ug of sHEK
per ml was determined on the BIAcore (O, total response; B, sHEK
competable response).

RP-HPLC step (Fig. 4) yielded blank sequencing cycles indic-
ative of an N-terminally blocked protein. A total of ~4 ug of
homogeneous ligand was therefore purified from three batches
of HPCM and used to generate peptides for internal sequence
analysis. Sequence analysis of the indicated tryptic peptides
(Fig. 4 Inset) from ~3.5 pg of reduced and S-pyridylethylated
ligand yielded sequences that could be unambiguously as-
signed (Fig. 5) to the recently published sequence of AL1, a
ligand for another EPH-like RTK, REK7 (28).

DISCUSSION

The development of novel screening techniques, which allow
identification of growth factor receptors solely by virtue of
their DNA or protein sequence, has created a demand for
methods for isolation of the corresponding ligand growth
factors. Where the biological activity is unknown, thus pre-
cluding the use of bioassays, direct measurement of the binding
between candidate ligand and cell surface receptor may be the
most appropriate test system. Here we report the use of an
optical biosensor as an affinity detector, both in the search for
and in the screening of fractions during purification to homo-
geneity of the HEK ligand.

One hundred and fifty biological samples were screened to
identify a protein that would bind specifically to native, but not
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FiG.2. HEK affinity chromatography, SE-HPLC, and SDS/PAGE
of the HEK ligand. (Left Inset) The eluate of the sHEK receptor
affinity resin was fractionated on a Superose-12 SE-HPLC column,
which had been calibrated with commercial molecular weight marker
proteins of the indicated sizes. Eluting proteins (——) were collected
every minute and the sHEK binding response in fractions was mon-
itored at 1:40 dilution on the BIAcore with or without sHEK com-
petition. (O, total response; B, sHEK competable response). (Right
Inset) Aliquots of the column load (lane 1d) and of active fractions were
analyzed by SDS/PAGE with silver staining.
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FiG. 3. Micropreparative ion-exchange chromatography of the
HEK ligand and specificity of the BIAcore response. (4) Combined
active peak fractions recovered from the SE-HPLC column were
adjusted to 50 mM NaCl and fractionated on a p-Mono-Q column with
a 40-min gradient (- - -) of 0-600 mM NaCl in 20 mM Tris-HCI (pH
8.5) at a flow rate of 100 pl/min. Elution of proteins was monitored
at 215 nm (——) and HEK binding with or without competing sHEK
was measured on the BIAcore at 1:50 dilution (3, total response; £,
sHEK competable response). (Inset) Proteins in the column load (lane
1d) and in selected fractions were analyzed by SDS/PAGE with silver
staining. (B) Sensorgrams illustrating the response to immobilized
sHEK in crude HPCM (Left) or in the pu-Mono-Q-derived ligand
preparation (Right). Response in the presence of competing sHEK
(--B--) is subtracted from total response (—A—) to yield the
difference sensorgram representing the specific response (—C—).
(Left Inset) For clarity, the difference sensorgram of the crude sample
is shown at increased sensitivity (—C—).

to denatured, sHEK. HPCM was identified as a candidate
source for the putative HEK receptor ligand. However, anal-
ysis of BIAcore responses to crude and partially purified ligand
preparations revealed substantial nonspecific signals, which
depended on both the extent of sensor chip derivatization and
the structural integrity of the immobilized receptor protein
over time. The routine assay of all samples with or without
competition with free sHEK allowed quantitation of the
specific component of the sensor signal.

A multistep protein purification protocol including recep-
tor/ligand affinity chromatography gave an overall 1.8 X
10-fold purification of this weak signal (Table 1) and yielded
purification to apparent homogeneity of the HEK ligand.
Furthermore, a comparison of the activity profiles of total and
competable SHEK responses illustrated in Figs. 1-3 indicates
a proportional increase of the specific response concurrent
with progressive purification and highlights the importance of
the competition-based assay system. Even after SE-HPLC of
the affinity eluate, a proportion of the total BIAcore response
was found to be due to nonspecific binding of contaminating
proteins (Fig. 2 Inset, lanes 53-58) and only the final purifi-
cation step yielded a preparation characterized by a fully
HEK-competable BIAcore response (Fig. 3).

In contrast to our observations, an unambiguous identifi-
cation of the ECK ligand in a BIAcore approach, lacking these
precautions and using a single-step receptor affinity purifica-
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FiG. 4. Micropreparative RP-HPLC of the HEK ligand and de-
rived tryptic fragments. Approximately 0.6 ug of u-Mono-Q-purified
HEK ligand was applied to a 1-mm i.d. RP300 HPLC column and
eluted with a 0—-60% CH3CN gradient in 0.09% trifluoroacetic acid at
a flow rate of 100 pl/min. Eluting protein was collected manually
according to absorbance at 215 nm (——) and tested for binding to
sHEK at a 1:50 dilution on the BIAcore. Binding was fully competable
with 10 ug of SHEK per ml. (Inset) Tryptic map of the reduced and
alkylated HEK ligand was produced on the same narrow bore RP-
HPLC column. Indicated peaks were loaded directly or after repuri-
fication using alternative chromatography conditions (26) onto the
protein sequencer.

tion of B61 as ECK ligand, was reported during the progress
of our work (29). This suggests that the specificity of the
BlIAcore response of a receptor/ligand interaction in crude
samples may depend on the relative abundance of the ligand
and the type of contaminating proteins present. In accord with
this notion, the BIAcore response of a Tyro 3-derivatized
sensor chip to 10% fetal bovine serum, an abundant source for
the ligand of the RTK Tyro 3 (the reported serum concen-
tration of protein S, the proposed ligand for Tyro 3, is =10
pg/ml), was largely abrogated by premixing the sample with 10
ug of the soluble receptor protein per ml (30). In comparison,
only 5-7% (14-20 RU) of the total BIAcore response of crude
HPCM (280-300 RU) to immobilized sHEK was inhibited
with 10 ug of sHEK per ml, suggesting a ligand concentration
of ~1 ng/ml in the starting material (Table 1). Only a second
dimension of the screening procedure employing some basic
fractionation steps substantiated the initial signal. This protein
concentration of a 23- to 25-kDa protein corresponds to a
concentration of 40 pM, well within the concentration range
detected in conventional biological assays.

Unambiguous amino acid sequence determination of tryptic
peptide fragments of the purified HEK ligand revealed com-
plete identity with AL-1 (Fig. 5), a recently identified member
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QDPGSKAV. FORGDYHI
1 2

DVCINDYLDVFCPHYEDSVPEDKTERYVLY
2 3
MVNFDGY SACDHTSKGFKRWECNRPHSPNG
4 5
PLKFSEKFQLFTPFSLGFEFRPGREYFYIS
6
SAIPDNGRRSCLKLKVEFVRPTNSCMKTIGV
6 7

HDRVFDVNDKVENSLEPADDTVHESAEPSR
GENAAQTPRIPSRLLAILLFKLAMLLTL*

Fic. 5. Tryptic peptide sequences of the HEK ligand correspond-
ing to the AL-1 amino acid sequences. Amino acid sequence of AL-1
(28) is shown together with the sequences obtained for tryptic peptides
1-7 (see Fig. 4) of the HEK ligand underlined. Peptide 4 is a fragment
of peptide 3. Usage of the potential glycosylation site (®) was verified
by amino acid sequence analysis, which gave a blank on cycle 8 (N) for
peptide 1.
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of the LERK family of ligands suggested to be involved in axon
bundling (28). As with other ligands for this RTK family, AL-1
is encoded as a membrane-anchored protein. The soluble form
isolated in this report is reminiscent of the soluble form of B61
originally identified as the ECK ligand (29). Although AL-1
was identified as a ligand for REK7, a splicing variant of
EHK-1 lacking the first fibronectin type III repeat, the ability
of LERKS to bind to several EPH-like RTKs (29) would not
preclude the possibility of it also being the HEK ligand. This
is also supported by the high degree of sequence identity of
AL-1 with ELF-1, the ligand for the murine HEK homologue
MEK4 (28, 31). Preliminary deconvolution of the binding
kinetics (BIAEVALUATION software, ver. 2.1) between
r-Mono-Q purified AL-1 and sensor chip-immobilized sHEK
(four experiments) suggest an apparent dissociation rate con-
stant of 3.1 X 1073 s~! (%£0.6) and an apparent equilibrium
dissociation constant Ky between 2 and 3 nM. This is well
within the range reported for the interaction between AL-1
and REK7/IgG (28), since the apparent affinity of this
reaction would be increased by the bivalency of the REK7/IgG
bivalency of the REK7/IgG construct. It is also notable that
the affinity is significantly higher than that of two previously
described HEK ligands, LERK3 and LERK4 (32).

Current reports on the activation mechanisms of EPH family
receptors give conflicting views. While in some studies recep-
tor activation was found only with the membrane-bound forms
of the ligands (28, 33, 34), in other cases the same ligand
induced receptor transphosphorylation and a physiological
effect as a soluble protein (22, 29). Detailed studies of the
kinetics of the HEK/AL-1 interaction and evaluation of its
action on receptor-expressing cells remain to be done.

Taken together, our findings demonstrate that in the context
of a traditional growth factor purification scheme, the use of
the BIAcore as a receptor/ligand affinity detector can replace
a conventional biological assay provided that appropriate
specific controls are used. They also further demonstrate that
LERKSs can bind to multiple EPH-like kinases and that this
may underlie their multiple effects in important biological
processes, including development and oncogenesis.
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