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ABSTRACT. Eph receptors and their ephrin ligands are involved in various aspects ofce#ll
communication during development, including axonal pathfinding in the nervous system andedell
interactions of the vascular endothelial cells. Recent structural studies revealed unique molecular features,
not previously seen in any other recepttigand families, and explained many of the biochemical and
signaling properties of Ephs and ephrins. However, unresolved questions remain regarding the potential
oligomerization and clustering of these important signaling molecules. In this study, the biophysical
properties and receptor-binding preferences of the extracellular domain of ephrin-B1 were investigated
and its crystal structure was determined at 2.65 A resolution. Ephrin-B1 is a monomer both in solution
and in the crystals, while it was previously shown that the closely related ephrin-B2 forms homodimers.
The main structural difference between ephrin-B1 and ephrin-B2 is the conformation of the receptor-
binding G-H loop and the partially disordered N-terminal tetramerization region of ephrin-B1. Hi¢ G

loop is structurally rigid in ephrin-B2 and adopts the same conformation in both the receptor-bound and
unbound ligand, where it mediates receptor-independent homodimerization. In the ephrin-B1 structure,
on the other hand, the-&H loop is not involved in any homotypic interactions and adopts a new, distinct
conformation. The implications of the ephrin-B1 structure, in context of available ephrin-B1 mutagenesis
data, for the mechanism of Epfephrin recognition and signaling initiation are discussed.

The Eph receptor tyrosine kinases (Ephs) and their ephrinare attached to the cell by a hydrophobic transmembrane
ligands are involved in various regulatory events of embry- region and a short cytoplasmic domait3). Because not
onic tissue morphogenesis and development. They also havenly the receptors but also the ligands are membrane-
well-defined roles in the function of many tissues and organs attached, their interaction occurs only at sites of -cedll
of the adult body, including regulating nervous system contact. This leads to a multimerization of both molecules
plasticity and blood vessel integrit{,(2). The involvement to distinct clusters within their respective plasma membranes
of Eph receptors and ephrins in cancer formation and and results in the initiation of a bidirectional signaling
progression is also now well-established+{). Recently, (forward signaling in the Eph receptor-expressing cell and
ephrin-B1 was shown also to be involved in T-cell activation reverse signaling in the ephrin-expressing cell), characteristic
(8), platelet aggregatior®), and morphogenetic movements to this group of moleculesl, 15).
of cells during developmentlQ, 11). The extracellular region of Eph receptors contains a highly

The Ephs and the ephrins are divided into two subclasses,conserved N-terminal ligand-binding domain. An immedi-
A and B, based on their affinities for each other and on ately adjacent cysteine-rich region may be involved in
sequence conservatiohd). In general, the 10 different EphA  receptor-receptor oligomerization often observed upon
receptor tyrosine kinases (EphAA10) promiscuously bind  ligand binding (6), while the following two fibronectin
to and are activated by six A ephrins (ephrin-AA6) that repeats are yet to be assigned a clear biological function.
are attached to the cell via a glycosylphosphatidylinositol The cytoplasmic region of Eph receptors contains a highly
(GPI) linkage. The EphB subclass receptors (EphB®) conserved kinase domail?), a sterilea motif (SAM)?!
interact with three different B ephrins (ephrin-BB3) that domain, and a PDZ-binding motif. All ephrins contain a
20-kDa conserved extracellular receptor-binding domain.

t This work was financially supported by the NIH (R01-NS38486). B-type ephrins also possess a short cytoplasmic region that
The atomic coordinates have been deposited in the Protein Data Bankbecomes phosphorylated upon receptor binding, thus initiat-
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motlf_ is |r_1volved in protein interactions mediating membrane T e 1. Summary of Crystallographic Analysis
localization and reverse signalingg).

S . . ) resolution (A) 2.65
In our earlier biochemical and crystallographic studies, we avelength (A) 0.98
determined the crystal structures of the EphB2/ephrin-B2 and completeness (%) 97.1 (96.9)
EphB2/ephrin-A5 complexed 9, 20). We demonstrated that ~ redundancy (fold) 4.2
interaction domains of EphB2 and ephrin-B2 initially form :40' 0 12.0(3.2)
. . . X sym (%) 9.0 (38.5)
high-affinity heterodimers that can then further associate, gpace group P2,
with a lowerKjy, to form 2:2 heterotetramerd§, 21). The cell dimensions (A) a=48.716b = 29.682,c = 56.268
high-affinity interface, responsible for the initial 1:1 binding , = 100.509
is very extensive and centers around thekGloop of the refinement
resolution (A) 2.65

ligand that penetrates deep into a channel on the surface of  (efiections workingftest 44397210

the receptor. Interestingly, in a separate study describing the residues 139

structure of unligated ephrin-B2 (the only reported structure  ligands IN-acetyl glucosamine
thus far of an unligated ephrin), this loop was found to be 'frcnﬁfsf\f;gelues 21.1/30.0 (26.1/36.8)
involved in the formation of ligand dimers in the absence of bonds (A) 0.010

the receptor 42). The authors further proposed that the angles (deg) 1.273

ephrin-B2 dimer present in the crystal could be an activating _ averageB factor (%) 36.6

speciesn vivo. The reported ephrin-B2 dimerization raises Ramachandran analysis

; ) . tf d (% 74.4
important questions about whether other ephrins could also amdodsitioiv:“r;a au(os\),ed %) 222

participate in receptor-independent homodimerization inter-  generously allowed (%) 3.4

actions and how these dimers could affect the Eph-mediated disallowed (%) 0.0

signaling initiation. Because in the EphB2/ephrin-B2 com-

_plex structure the same ephrin surface is directly involved g g+ cryptate and XL665 as donor and acceptor labels,
in receptor recognition, the “incoming” EphB2 receptor on ggpectively. When the interaction between the Fe-labeled
the surface of a cell would have to replace one of the ephrin- o cenior and ligand brings the labels into close proximity,
B2 molecules in a ligand dimer to form a signaling- et (fiyorescence resonance energy transfer) occurs upon
cqmpetent complex. Thls observation calls for_further_ stu_d|es excitation at 620 nm with XL665 re-emitting a specific long-
with other ephrin family members on the oligomerization lived fluorescence at 665 nm. An increasing amount of

state of the unbound ligands and the molecular details ofe hrin-Ec aives an increasina ERET sianal until a olateau
the ligand/receptor interactions. We, therefore, have deter-. b 9 9 g P

mined and report here the crystal structure of another EphBZ-,',S reqched, anfj binding constants can be calculate_d using
specific ligand, ephrin-B1. KaleidaGraph” software. Measurements were done in 384-

well plates (Falcon). The total reaction volume was.20
EXPERIMENTAL PROCEDURES The concentration of the labeled EpRc was kept at a
constant 50 nM in a 100 mM Na-phosphate buffer (pH 7.0)
Protein ExpressionThe extracellular, receptor-binding and 200 mM Na-fluoride. The concentration of the labeled
domain of murine ephrin-B1 (residues Thr-28rg-198) was  ephrin-Fc varied typically between 10 and 200 nM.
expressed as an Fc-fusion protein in a HEK293 (human concentrations of the labels were according to the recom-
embryonic kidney) cell line using a CD5 signal sequence mendations of the manufacturer. Analytical ultracentrifuga-
essentially as described in 188. The protein was purified 51 was performed on a Beckman XL-A centrifuge equipped
by protein-A Sepharose affinity and Superdex 200 size- ity an An-60 Ti rotor. Protein solution was loaded at a
exclusion chromatography using Akta Explorer chromato- .,.antration of 3QM in 10 mM HEPES at pH 7.5 and
graphic system (Amersham), and the Fc tag was removedy 4\ k| and analyzed at a rotor speed of 11 krpm at 20

by thrombin cleavage. Extracellular domains of ephrin-B2 ; ;
. C (16), and the molecular weight was calculated using the
and EphB4 were expressed using the same HEK293 systemrnetho d described in e,

The murine EphB2 globular domain (residues-24.0) was
expressed using the pET32 vector &stherichia colstrain Crystallization and Data CollectioriThe purified ephrin-
AD494(DE3) (Novagen) as described in 4. B1 was concentrated to 20 mg/mL and crystallized in a
Pull-Down ExperimentsPull-down experiments were hanging drop at 28C against the reservoir contgining 30%
performed as described earlig4]. In brief, 5 ug of the (w/v) polyethylene glycol 8000, 200 mM ammonium sulfate,
recombinant receptor-binding domain of ephrin-B1 was 100 mM Na-cacodylate at pH 6.5, and 4% (v/v) 1,3-
incubated with Fc-tagged Eph ectodomains (R&D Systems) Propanediol (Hampton Research). Data were collected at the
at room temperature for 30 min in 5Q0. binding buffer NSLS Brookhaven beamline X9A and CHESS beamline Al.
containing 20 mM HEPES (pH 8.2), 150 mM KCI, and 2 Images were integrated, scaled, and merged using DENZO
mM MgCl.. Protein-A Sepharose Fast Flow beads (Amer- and SCALEPACK 26, 27). The structure of the ephrin-B1
sham) were washed with the binding buffer, added to the was determined using molecular replacement with the CCP4
reaction mixture, and shaken at room temperature for 30 min. program Amore and Refma2§) and the ephrin-B2 structure
The beads were then harvested by centrifugation and washedPDB 1KGY) as a search model. The structure was refined
twice with 500uL of the binding buffer, and the bound by rigid-body refinement, followed by an iterative process
proteins were separated on a-320% polyacrylamide gel.  of model improvement in O26) and Cartesian molecular
Fluorometry and UltracentrifugatiorEph—ephrin binding dynamics and energy minimization refinement in CRXeS; (
constants were measured by HTRF technology (Cisbio) with see Table 1).
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Ficure 1: Binding of ephrin-B1 to EphB or EphA receptors. The  Figure 2: Fluorometric measurement of ephrin binding to EphB2
extracellular, receptor-binding domain of murine ephrin-B1 (resi- or EphB4. Measurements were done by FRET-based HTRF
dues Thr-26-Arg-198) was expressed in a HEK293 cell line, technology as described in the Experimental Procedures. The
purified by protein-A Sepharose affinity and Superdex 200 size- dissociation constankg) of 12 nM for ephrin-B1 binding to EphB2
exclusion chromatography, and the Fc tag was removed by thrombinis slightly higher than that for ephrin-B2 (4 nM), the preferred high-
cleavage. Pull-down experiments were done using commercial Fc- affinity ligand of EphB2 (2), while the binding of ephrin-B1 to
tagged receptors and protein-A Sepharose beads. The bound proteinsphB4 has a dramatically highkg value (112 nM)O corresponds

were separated on a $@0% polyacrylamide gel. Ephrin-B1 binds  to EphB2/ephrin-B2;a corresponds to EphB2/ephrin-B1; am
strongly to EphB1, EphB2, and EphB3 and weakly to EphB4 but corresponds to EphB4/ephrin-B1.
does not bind to EphB6 (A) or any of the A-class Eph receptors

(B). A dash ) indicates a control experiment where ephrin-B1 A
was incubated with protein-A beads alone, without any of the Fc- 0.6 5
tagged receptors. Lane “i” stands for “input”, where ephrin-B1 was B1 .l
loaded directly on the gel, without being pulled-down. Molecular 041 19 krpm ’@1};
weight markers (labeled “MW”) are, from top to bottom, 97.4, 66.2, 02| 21kDa CJI,sf“'
45.0, 31.0, and 21.5 kDa. E '
0 &
3 #
RESULTS AND DISCUSSION < 02 y’f
Receptor-Binding Preferences of Ephrin-Bh confirm £ 0l ﬁ&-ﬁ'
the biological activity of the purified recombinant ephrin- P 4
B1, we evaluated its binding to several A- and B-class Eph i
receptors. In pull-down experiments (parts A and B of Figure 345 35 355 36 365 37 375
1) using Fc-tagged extracellular domains of Eph receptors, Radius squared (cm?2)

ephrin-B1 showed strong binding to EphB1, EphB2, and

EphB3, weak binding to EphB4, and no binding to EphB6 B

or any of the A-class Eph receptors. This finding is in P e
agreement with previous cell-based binding and signaling- )
activation studies aimed at characterizing the biological \
properties of ephrin-B130). Analysis of the available Eph ( |
sequences suggest that the drastically weaker binding of 1
ephrin-B1 to EphB4 or EphB6 could be explained by the }-‘n
fact that EphB4 and EphB6 have a three amino acid insertion ||' "L |
in their J-K loop that forms part of the channel on the I Ln \
surface of the receptod g, 20). This channel is crucial for Heterofeiramer ) - |
the initial high-affinity ligand-receptor heterodimerization, l,’ \fj' "\
and the insertion is likely to affect the ephriiph recogni- i

T b
tion.  — ]'*t'ﬂ;*%'i%ﬂ-6'-'.~'.n'\?’7$#§;}5¥;—'%—5¥$“
We also used fluorophore labeling (FRET) to measure the S Uia Ui ga ik ik St el g S LT It
binding affinities of ephrin-B1 and ephrin-B2 to EphB2. The Ficure 3: (A) Determination of molecular weight of ephrin-B1
observed apparent dissociation constant of 12 nM (Figure by analytical ultracentrifugation analysis. Using the methods

2) for ephrin-B1 is slightly higher than that observed for described in re5, ephrin-B1 was calculated to have a molecular

i — O Affinitg i weight of 21 kDa corresponding to a monomer. (B) Superdex-200
e?g“?]gzz sz C4 th), tlt’le .?r:et[]erred"hc;gh affinity !Igan? size-exclusion chromatography elution profiles of ephrin-B3) (
orep (2). Consistent with the pull-down experiments, o ephrin-B2 ) both in complex with EphB2. Purified protein

ephrin-B1 shows in the fluorescence assay a considerablycomplexes were concentrated+300xM and run at 0.5 mL/min

lower binding affinity to EphB4 than to EphB2 with an inthe presence of 20 mM HEPES (pH 7.2) and 500 mM KCI. The
appareniy of 112 nM (Figure 2). presence of the ephrrEph complex in the peaks was confirmed

- : . . _ by SDS gel electrophoresis. While ephrin-B2 forms both het-
Ephrm B.l Sk SqlutlorAna_IytmaI !J'”a erodimers and heterotetramers with EphB2, ephrin-B1 forms mostly
centrifugation was used to determine the oligomeric state of heterodimers.

ephrin-B1. As shown in Figure 3A, the purified ephrin-B1
(at 30 uM concentration) is monomeric with an apparent theoretical value of 19 379 Da (ephrin-B1 amino acids 26
molecular weight of 21 kDa, well in agreement with the 198) with the difference likely because of glycosylation.

E
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Ficure 4: Crystal structure of ephrin-B1. Crystals of the purified ephrin-B1 were obtained as described in the text, and the structure was
determined using molecular replacement with ephrin-B2 as a search model. Shown is a stereoview of the ephrin-B1 structure highlighting
the six surface-exposed point mutations that cause CFNS. Three of these mutants, colored in yellow, map to (or close to) the dimerization
G—H loop, and the other three, colored in red, map to thK degion that is not involved in either dimerization or tetramerization interactions

in the ephrin-B2/EphB2 complex.

— — —_— — BN —_—
ephrin-B1: AKNLEPVSWSSLNPKFLSGEGLVIYPKIGDKLDIICPRAEAGR--PYEYYKLYLVRPEQAAACSTVLDPNVLVTCN
ephrinB2:  STVLEPTYWNSSNSKFLPGQGLVLYPQIGDKLDIICPKVDSKTVGQYEYYKV YMVDKDQADRCTI KKENTPLLNCA

- —» - > — N —>
A | A B Cc D E F
— —_ . | —

ephrin-B1: KPHQEIRFTIKFQEFSPNYMGLEFKKYHDY YITSTSNGSLEGLENREGGVCRTRTMKIVMKVGQ
ephrin-B2: RPDQDVKFTIKFQEFSPNLWGLEFQKNKDY YI ISTSNGSLEGLDNQEGGVCQTRAMK ILMKVGQDA

— i< S~ e
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FiIGURE 5. Sequence alignment of ephrin-B1 and ephrin-B2. The two sequences have 43% amino acid identity. Secondary structure elements
are shown as arrows f@rstrands and as rectangles for helices. The positioisaxfetyl-glucosamine moieties are indicated with asterisks.

Ephrin-B1 also migrates as a monomer during gel-filtration statistics of crystallographic data are summarized in Table
chromatography (data not shown). 1.

Interestingly, on a size-exclusion column, the EphB2/  The folding topology of the ephrin-B1 ectodomain (Figure
ephrin-B1 complex has an elution profile different to that 4) is a variation of the common Greek kg@ybarrel with
of the EphB2/ephrin-B2 complex. While the EphB2/ephrin- eight mixed parallel and antiparall@lstrands forming two
B2 complex has two clearly separated peaks, one corre-f sheets around a hydrophobic core and theebelices
sponding to the 1:1 heterodimeric complex (15.0 mL) and connecting the strands. Two buried disulfide bonds stabilize
the other to the 2:2 heterotetrameric complex (13.6 mL) the structure. Ephrin-B1 shares significant sequence homo-
(Figure 3B; see also r&fl), the EphB2/ephrin-B1 complex logy (43% amino acid identity) with ephrin-B2. Figure 5
runs mostly as a heterodimer even at high concentrationsshows the sequence alignment and the organization of
(300 uM). secondary structure elements of ephrin-B1 and ephrin-B2.

Crystal Structure of Ephrin-BIEphrin-B1 was concen- ~ As expected from their sequence homology, the overall
trated to 20 mg/mL and crystallized in a hanging drop at structure of ephrin-B1 is very similar to that of ephrin-B2
room temperature against a reservoir containing 30% (w/v) (19, 22), and the two structures can be superimposed with
polyethylene glycol 8000, 200 mM ammonium sulfate, 100 root-mean-square deviations (rmsd values) between 126
mM Na-cacodylate at pH 6.5, and 4% (v/v) 1,3-propanediol €duivalenta-carbon positions of 1.1 A (Figure 6).
(Hampton Research). Crystals grew in ##& space group Ephrin-B1 Receptor-Binding Loop Adopts a Unique
(a = 48.716,b = 29.682,c = 56.268, ang3 = 100.509), ConformationThe most structurally distinct region of ephrin-
with one molecule in the asymmetric unit. The structure was B1 is in the receptor-binding (6H) loop (19). It has an
determined at 2.65 A resolution using molecular replacementextended but at the same time quite rigid structure in ephrin-
and the ephrin-B2 structure as a search model and refinedB2, where it is also involved in ephrin homodimerization
to a crystallographi®acior Of 27% andRyee Of 30%. The (22). In ephrin-B1, on the other hand, it is not involved in
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Ephrin-B1
Ephrin-B2
FiGure 6: Superimposition of the structures of ephrin-B1 (green) and ephrin-B2 (red). The rmsd between the correspopdisijdds
is 1.1 A. The most structurally distinct region of ephrin-B1 is the receptor-bindirgHJoop in the dimerization interface that is more

flexible than in ephrin-B2 and is not involved in the formation of ligand homodimers. In addition, the N-termifiat/and (which is
important for Eph/ephrin tetramerization) of ephrin-B1 is unstructured and was not build in the model.

ephrin—ephrin interactions in the crystal lattice (Figure 6)

Phe-128 of EphB2 stack against each other, and the substitu-

and is structurally more flexible. Indeed, while the average tion of Tyr-37 for Ser in ephrin-B1 is likely to further

B factor for ephrin-B1 is 35, the &H loop has an average
B factor of 45 (maximalB factor of 60). The distinct
conformation of the GH loop in the unbound ephrin-B1

destabilize the ephrin-B1/EphB2 heterotetramer.
We have previously shown that the unorthodox (cross-
class) ephrin-A5/EphB2 complex crystallizes as a het-

suggests that it undergoes structural readjustment to obtainerodimer R0). It is interesting to note that the EphB2-bound
the Eph-channel-binding conformation required for high- ephrin-A5 has an N terminus that is also structurally distinct
affinity Eph/ephrin complex formatioril@) and recognizes  from that of ephrin-B2. Instead of a rigié strand, the N
its cognate Eph receptors via an induced fit mechanism, terminus of ephrin-A5 forms a “kink” protruding away from
where both the ligand and the receptor undergo conforma-the core of the structure. This, together with the four amino
tional changes upon complex formation. acid insertion in the class specificity Eph— loop (24)
The flexibility of the G-H loop further suggests that (which interacts with the ephrin N terminus) in B-class
longer and more flexible peptides could be identified that receptors, renders ephrin-A5 entirely unable to form the
could potentially bind in the Eph surface channel and heterotetrameric complex with the ligand-binding domain of
function as antagonists of the Eph-mediated signaling. EphB2. It is well-conceivable, on the other hand, that ephrin-
Following this line of reasoning, it is interesting to note that B1, which is a B-class ligand and favors B-class receptors

in two separate studies Pasquale’s group used phage displagontaining longer H1 loops, will form functional heterotet-

to identify peptides that bind Eph receptors with high affinity
(submicromolaKy values) and antagonize ephrin signaling
(31, 32). It is likely that these peptides that share only
moderate sequence homology with the-I& ephrin loop
follow a similar “induced fit” mechanism of interacting with
the ligand-binding surface channel of the Eph receptors.
Partially Disordered N Terminus of Ephrin-B1 Reduces
Heterotetramer Stability.Another interesting difference

ramers with EphB2 at high protein concentrations, such as
the ones observed at interacting cell surfaces or in a crystal.
Ephrin-B1 is glycosylated, and awacetyl-glucosamine
moiety attached to Asn-139 (Figure 5) was identified in the
electron-density map and included in the final model.
Interestingly, ephrin-B2 is glycosylated not at Asn-139 but
at Asn-39 R2), which is immediately adjacent to the
important heterotatramerization Eph/ephrin interfak®.(It

between the structures of ephrin-B1 and ephrin-B2 is the has been speculated that the Asn-39 glycosylation might

partial disorder of the N-terminal ephrin-B1 region, where
the residues, corresponding fostrand “A” of ephrin-B2
(Figure 5), are not visible in the electron density. In our
earlier studies]9), we have shown that the ephrin-B2/EphB2
tetramerization (or “low-affinity”) interface has two distinct
regions. The one involving the N-terminal A and gtrands

of ephrin-B2 contains most of the ligandeceptor contacts.
A partial disordering in this ephrin region could, therefore,
negatively affect the formation of functional ligand/receptor

modulate/enhance the Eph/ephrin interactions, and the fact
that ephrin-B1 lacks the modification at this position could
further explain its lower binding affinity to EphB2 as
compared to ephrin-B2 (Figure 2) and its reduced tendency
to form heterotetramers with the ligand-binding domain of
EphB2 (Figure 3B).

Implications for the Formation of Signaling-Competent
ComplexesWhile the structural and biophysical experiments
in this study reveal details about the initial recognition and

heterotetramers. Furthermore, in the EphB2/ephrin-B2 binding of ephrin-B1 to EphB2, the molecular interfaces

structure, the aromatic rings of Tyr-37 of ephrin-B2 and

mediating the higher-order Eph/ephrin cluster formation
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(which are required for efficient signaling3) still remain 6
elusive. Several recent findings shed some light on this
question. First, it was shown that point mutations in the
ephrin-B1 gene cause X-chromosome-linked craniofronto-

nasal syndrome (CFNS) where the affected individuals 7.

exhibit craniofacial abnormalities, such as orbital asymmetry
(34, 35). Six of these mutants cause changes in surface-

exposed amino acids of ephrin-B1 (and are thus unlikely to 8.

result in unstable or inactive proteins). As shown in Figure

4, three mutants (at ephrin-B1 positions 111, 115, and 119)
map to the G-H loop at the high-affinity Eph/ephrin inter-

face, while the other three (positions 151, 155, and 158) map

to the J-K region that is not involved in any ligareteceptor
interactions observed in the structure of the ephrin-B2/EphB2 1
complex @9). The importance of this latter ephrin surface
region for causing CFNS suggests that it might be involved
in the formation of higher-order ligantteceptor clusters at
the cites of cel-cell contact. This concept gets further
support from two studies2@, 36) in which random mu-

tagenesis was used to identify EphA3 and ephrin-A5 surfaces 12-

essential for liganétreceptor recognition and signaling. The
identified areas include not only the structurally characterized
heterodimerization and heterotetramerization interfaces but
also part of the EphA3 cysteine-rich linker (which was not
included in the structural studies), as well as a small ephrin-

A5 surface region that includes the structural elements 14.

harboring the CFNS mutations in ephrin-B1.
In conclusion, our structural and biophysical studies
document that ephrin-B1 is a monomer in a wide concentra-

tion range (from 30 to 30@M) and its G-H loop is not 15.

involved in receptor-independent homodimerization interac- ;¢
tions, such as the ones reported for ephrin-B3.(The G-H

loop of ephrins might thus be involved in fine tuning of the
Eph—ephrin signaling where some (such as the high-affinity
EphB2 ligand, ephrin-B2) but not all ligands induce a faster
and stronger signal because they exist as predimerized entities

on the surface of the cell. To obtain further insight into these 18.

questions, structural and biophysical studies are also neces-
sary on A-class ephrins and A-class Eph/ephrin complexes. 19
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