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ABSTRACT. The binding of immunoglobulin E (IgE) to its high-affinity receptor éRt) expressed on

mast cells and basophils is central to the development of an allergic reaction. Previous studies have
implicated the third constant domain of IgE-Fce@} as the site of the interaction with &RI. We have
prepared a series of site-directed mutants of human IgE-Fc, particularly focusing on the N-terminal “linker”
region and AB loop of €3. The kinetics of binding IgE and its Fc fragments to the immobilized receptor
were determined by surface plasmon resonance (SPR), and two phases of binding were observed. We
identified one mutation in the N-terminal linker region, R334S, that has a dramatic effect on binding.
R334S lowers the affinity of IgE-Fc for ERI by 120-fold, principally through an increase in the
dissociation rate of the slower phase of the interaction. This mutation has a similar effeeBid,Fe
truncated form of IgE-Fc which lacks theeZ domain pair, and thus it does not exert its effect through
altering the quaternary structure of IgE-Fc, firmly implicating Arg334 as a contact residue in the complex.
However R334S has no effect on the binding okRit (CD23), the low-affinity receptor for IgE,
demonstrating the structural integrity of the mutated IgE-Fc. Circular dichroism spectroscopy and thermal
stability studies further indicate that the R334S mutation does not disorder or destabilize the structure of
IgE-Fc or Fe3-4. These results demonstrate the importance of the N-terminal linker regioe8ahC

the interaction of IgE with FRI.

The binding of IgE to its high-affinity receptor (ERI)* The Fc region of IgE consists of a dimer of the heavy-
expressed on mast cells and basophils, and subsequenthain domains €, Ce3, and G4, linked by two parallel
receptor cross-linking by attachment of multivalent antigens, interchain disulfide bonds at residues 241 and 32848 C
are essential early steps in the development of an allergic[residue numbering according to Dorrington and Bennich
reaction. The resultant activation of these cells initiates an (1978)]. Recombinant fragments of the Fc region, expressed
inflammatory cascade, which leads to the particular mani- in Escherichia coli(Helm et al., 1988, 1989, 1996), mam-
festations of allergy, depending on the site of allergen malian cells (Basu et al., 1993; Young et al., 1995; Shi et
challenge. The IgE:RRlI interaction is an obvious target al., 1997), chimeric immunoglobulins (Baird et al., 1989;
for clinical intervention in the allergic response, and it has, Weetal et al., 1990; Nissim & Eshhar, 1992; Nissim et al.,
therefore, long been the focus of studies to define the naturel991, 1993; Presta et al., 1994), mutants of IgE (Presta et
of the complementary binding sites in order to design al., 1994), and synthetic peptides (Stanworth et al., 1990;
competitive inhibitors that may be generally useful in the Nio et al., 1993) have all been used to define the site of
treatment of allergy (Sutton & Gould, 1993; McDonnell et interaction on IgE for FeRI. These studies have indicated
al., 1996). that the binding site is located within thec&€ domain of

IgE [reviewed in Gould (1993)]. It has been suggested that
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® Abstract published i\dvance ACS Abstractdlovember 1, 1997. IgE-Fc (Presta et al., 1994) has identified a number of

1 Abbreviations: CD, circular dichroism; cDNA, complementary . . s . .
DNA; Ce2, Ce3, Ce4, the three constant domains of IgE-Fc; ELISA, discrete regions within & that are involved in R

enzyme-linked immunosorbent assaye¥d, disulfide-linked dimer binding,.namely the CD, FG,.arjd EF |QOpS in t_he predicted
of Ce3-Ce4; FaeRI, high-afrfinity receptor for IgE; FeRII, low-affinity Ig domain structure of €3. This is at variance with a recent

receptor for IgE, CD23; R, IgG Fc-receptor type I, CD64; HBS, siydy using N- and C-terminally truncated peptides derived

Hepes buffered saline; HPLC, high pressure liquid chromatography; . S
IgE, immunoglobulin E: IgE-F, the Fc portion of IgE¢B:Ce3-Ced;  110m human IgE-Fc (Helm et al., 1996), which highlights

IgG, immunoglobulin G; IgGFc-(sFeRla)s, fusion of IgG-Fc with the AB loop as the main site of interaction withdRd. It is
sFaRIa in place of the two Fab arms; PBS, phosphate buffered saline; unclear from the latter study, however, whether the regions
PCR, polymerase chain reaction; RU, resonance unit;-SPAE, identified are directly involved in k&Rl binding or respon-

sodium dodecyl sulfate-polyacrylamide gel electrophoresis;Rleg . . L .
the extracellular domains of thechain of FeRI; SPR, surface plasmon  Sible for maintenance of the domain in an active conforma-

resonanceT,, the mid-point of the thermal denaturation profile. tion. The involvement of the “linker” region betweerZ
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and G3, particularly the stretch of amino acids between cDNA as a selectable marker (Young et al., 1995). A stable
Asp330 at the junction of the domains and Gly335 within NS-0 cell line of the R334S mutation in IgE-Fc was made,
Ce3, in binding to FeRI has been especially contentious, and the expressed protein purified as described before
with authors advocating (Helm et al., 1988), or opposing (Young et al., 1995).

(Helm et al., 1996; Nissim et al., 1993) its involvement or  The R334S mutation was introduced by PCR inte3c
deciding that their data are inconclusive on the issue (Prestad(N371Q) [described in Shi et al. (1997)]. The presence of
et al., 1994). the mutation was confirmed by DNA sequencing. Stable

In the present study, we have examined the effect of a NS-O cell lines were isolated, the expressed protein was
series of site directed mutations both on the binding of IgE- purified on a I19G-Fc-(sFeRla), (Shi et al., 1997) affinity
Fc to FeRI and on the structure of the IgE-Fc. Mutations column, and its integrity was checked by HPLC and SDS
in the two debated regions, the linker region, and the AB PAGE, as previously described.
loop were selected by inspection of the model of the structure  (d) Measurement of Binding KineticsAssays were
of IgE-Fc (Padlan & Davies, 1986; Helm et al., 1991). performed using SPR at 2% on a Pharmacia BlAcore
Binding kinetics were measured by conventional cell binding instrument (Pharmacia Biosensor). A specific binding
assays and surface plasmon resonance (SPR). The informasurface was prepared by coupling the lgk&-(sFeRla),
tion derived from these studies has enabled us to identify fusion protein to a CM5 sensor chip using the amine coupling

contact residues in the complex between IgE witlFc kit according to the manufacturer's instructions, or by
coupling the carbohydrate chains of gRto. (Keown et al.,
MATERIALS AND METHODS 1995) to a CM5 sensor chip using the aldehyde coupling
. ] ) reaction, according to the manufacturer’s instructions. Cou-
(a) Site-Directed Mutagenesisthe human IgE-Fc [hIgE-  pling density was restricted to less than 1000 RU. A parallel
Fc(N265Q,N371Q)] described by Young et al. (1995) was gyrface with IgG-Fc coupled at the same density as the4dgG
used as the basis for the mutagenesis of IgE-Fc. Singlerc.(sFeRIa), was also prepared in order to assess nonspe-
amino acid substitution in IgE-Fc was introduced using the cific binding. Samples of IgE-WT, (Burt et al., 1986, a
PCR overlap extension method (Ho et al., 1989). Pairs of myeloma protein purified as described for IgE-Fc), IgE-Fc,
complementary oligonucleotide primers were used to define o Fa3-4 and their mutants were diluted in HBS, pH 7.4,

each mutation in IgE-Fc: D330SF-GCGCATCTTC-  (sypplied by Pharmacia Biosensor, being 10 mM Hepes, pH
CAACCCGAG, D330SR 5CGGGTTGGAAGATGCGAC; 7.4 150 mM NaCl, 3.4 mM EDTA, and 0.005% surfactant

P333QF STCCAATCAGAGAGGGG, P333QR 'S P-20) and injected over the sensor chip akl3min. A
CCCCTCTCTGATTGGA;  R334SF 'STCCAATC- 360 s association phase was followed by a 360 s dissociation
CGAGCGGGGG, R334SR'8CCCGCTCGGATTGGA;  phase. The sensor surface was regenerated by three 60 s
and R351EF SCTGTTCATCGAGAAGTCGCCC, R351ER  puises of 0.2 M glycine-HCl, pH 2.5. The data were
5-GGGCGACTTCTCGATGAACAG. The mutation in  gnalyzed using the BlAevaluation analysis package (version

Foe3-4 [a covalent dimer of the &3-Ce4 domains of IgE- 2 1 ‘Pharmacia Biosensor). Nonspecific binding was sub-
Fc linked by Cys328 at the N-terminus ot&described in  {racted from the specific binding prior to kinetic analysis.
Shi et al. (1997)] was introduced using a synthetic oligo-  (e) Analysis of Binding KineticsThe dissociation rate
nucleotide primer to define the’ &nd of the construct  constant kg) for a monophasic model of binding was

including theECARV cloning site between the W-leader  gptained by fitting the dissociation phase data to the
peptide cDNA and the FB-4 cDNA, and another oligo-  following equation:

nucleotide primer was used to define theehd of the

mutated DNA fragment, downstream of thipal in Ce3: R= Roe*kd(t*to) (1)
RVR334SF S5ATTGATATCTGTGCAGATTCCAAC-

CCGAGCGGGGTGAGC, R_VR334SR BTC_CGG(?GTCG' whereR; is the response at the start of the dissociation and
CAAACGCATA. All mutations, and the integrity of the  { _ ¢ s the time function for the dissociation phase. The

remaining sequence of the subcloned fragments, wereggsociation rate constarit.) for a monophasic model of

confirmed by DNA sequencing using the chain termination pinding was obtained by fitting the association phase data
method (Sanger et al., 1977). The mutated IgE-Fc constructsy, the following equation:

were subcloned into a pEE6-based expression vector which
will support transient expression in CHO-L761h cells. R= Req(l _ e—(kaCn+kd)(t—to)) )

(b) Transient Expression of IgE-Fc and IgE-Fc Mutants.
Initial screening of the IgE-Fc mutants for dRla binding whereRy s the steady state response (binding at equilibrium,
activity was performed using supernatants from transient not necessarily reached in the sensorgragiy the associa-
transfection in CHO-L761h cells. Cells numbering5L0° tion rate constant is the molar concentration of the ligand,
in 10 mL were transfected with g of plasmid DNA using  n is the steric interference factor which is set as 1 when the
the calcium phosphate precipitation method (Gorman, 1985).binding of one ligand does not block another binding site
The supernatants were harvested after 3 days and concenon the sensor surfacé; is the dissociation rate constant,
trated 10-fold by ultrafiltration (Amicon). The yield of andt — t, is the time function for the association phase.
expressed protein was determined by IgE-specific ELISA, The dissociation rate constants for a biphasic model of
as described in Young et al. (1995). Initial kinetic analysis binding were obtained by fitting the dissociation phase data

was performed by SPR without further purification. to the following equation:
(c) Isolation of Permanently Transfected Cell Lines and
Protein Purification. The IgE-Fc DNA construct containing R= Rle_kd'(t_t") + Ry — Rl)e_k‘“(t_t‘)) 3

the R334S mutation was transfered to a pEE12-based
expression vector which contains the glutamine synthetasewhereR, is the total response at the start of dissociatin,
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is the contribution tdR, from component 1 an& — Ry is Position Species
the contribution tdR, from component 2t — t, is the time Human Rat Mouse
function for the dissociation phase, akg andky, are the 130 Asp Asp Asp

dissociation rate constants for the two components. The

association rate constants for a biphasic model of binding 331 Ser His Asp
were obtained by fitting the association phase data to the 332 Asn Glu Glu
following equation: 333 Pro Pro Pro
334 Arg Arg Arg
— _ o aiCmtkgn)(t—to) ©
R=Ry(l—-e )+ 335 Gly Gly Gly
1 — o kelrrrka)(t—)y (4

Reqi ) ( ) 345 Pro Pro Pro

where Req1 and Reqz are the steady state response levels 346 Phe Leu Leu
(binding at equilibrium) for components 1 andk2; andka, 347 Asp Asp Asp
are the association rate constants for components 1 &d 2, 148 Leu Leu Leu
is the molar concentration of the ligand;- t, is the time 140 o T Tor
function for the association phase, anéndn; are the steric ¢ Y Y
interference factors for the two components, which are set 350 Te Gln Gln
at 1 when the binding of one component does not inhibit 351 Arg Asn Asn
the binding at another ligand site. 352 Lys Gly Gly

The ability of the models to describe the experimental data . . :

. S - . FiGURe 1: Comparison of the human, rat, and mouse protein
was determined by examination of the residual plots, which geqences of the solvent accessible regions within the N-terminus
were calculated by subtracting the experimental data pointsof Ce3 (Asp336-Val361). The protein sequence of human (Max
from the fitted curve. Residuals should be small and et al., 1982), rat (Steen et al., 1984), and mouse (Nishida et al.,
randomly distributed around zero. For the dissociation phase1981) IgE were aligned, based on the homology with 19G-Fc
models, a further criterion was employed. The model allows (Deisenhofer, 1981). The alignment for the two regions-3385

o . . L and 345-352 are shown, and the residues selected for mutagenesis
the response after an infinite time of dissociation to be ;i indicated in bold.
calculated, and clearly this should be zero. Fits that deviated
in Fhe estima’gion of this value by more than three times the fg|ded and fully unfolded species at each temperature as
noise value (i.e., 6 RU) were rejected. calculated from the linear regression of the baselines preced-
The kinetics of IgE-FC(R334S) binding to 1g&c-  jng and following the transition region.
(sFeRla), were also analyzed using a BlAcore 2000 (g) Cell Binding Assays.The binding of IgE-Fc and
(Pharmacia Biosensor) to assess the apparant biphasicityFCE:,)_4 to cell surface RRI énd FeRIl was determined as
IgG4-Fc-(sFeRla), (10 000 RU) was immobilized on all four described by Young et al. (1995)
sensor surfaces. IgE-Fc(R334S) was passed over the sensor ' '
surfaces, and the dissociated material collected in Seq“e”tiahESULTS
90 s windows during the dissociation phase. This was
repeated 12 times in order to accumulate sufficient dissoci- (a) Selection of MutationsMutations were selected in
ated material for reanalysis. The collected fractions were order to examine the involvement of specific amino acids
concentrated 45 times using Centricon-30 centrifugal located in the N-terminal region of €3, comprising the
concentrators (Amicon), and their binding to lgbc- N-terminal linker region and AB loop. Inspection of the
(sF&RIla), was analyzed by SPR. molecular models of IgE-Fc (Padlan & Davies, 1986; Helm
(f) Circular dichroism. Circular dichroism (CD) measure- et al., 1991) indicates that only two portions of this region,
ments were performed on Jobin-Yvon (Longjumeau, France) Asp330-Gly335 in the linker region and the exposed residues
CD6 spectrophotometer using cylindrical quartz cells of 0.05 of the AB loop from Pro345 to Ser353, are solvent accessible
cm path length. The spectrophotometer was calibrated forand, thus, available for ERI binding. Within these two
wavelength and ellipticity usind-10-camphorsulfonic acid.  regions, residues that are conserved between human, mouse,
Samples were measured in the concentration range- 100 and rat IgE were targeted for mutagenesis (Figure 1). Mouse
500ug/mL in 20 mM sodium phosphate, pH 7.4, at constant and rat IgE are able to bind humaneRt, but human IgE is
temperature in a thermostated cell holder. unable to bind rodent ERI (Conrad et al., 1983). We,
Spectra were recorded in 0.2 nm steps with an integration therefore, assumed that the residues in human IgE required
time o 4 s and corrected by subtraction of the solvent for interaction with human F®RI are conserved in rodent
spectrum obtained under identical conditions. The units of IgE. On this basis, the mutations D330S, P333Q, R334S,
Ae are inverse molarity centimeters per backbone amide. and D347T were made in human IgE-Fc. In addition we
Thermal stability was determined by heating the sample generated R351E, also in human IgE-Fc, as its location within
in PBS from 20 to 85C in 2 °C steps and measuring the the solvent accessible region of the AB loop makes it a strong
ellipticity at 215 nm with a 30 s integration time. Ellipticity candidate for a contact residue if the AB loop is directly
readings were normalized to calculate the fraction unfolded involved in the IgE:FeRI complex.
using the equation (b) Transient Expression and Kinetic Assays of IgE-Fc
0— 0 Mutants. The mutant IgE-Fcs were transiently expressed in
F = N (5) CHO-L761h cells, and the levels of expression quantified
“0p— Oy by IgE-specific ELISA. Expression levels varied between
different transfections, but usually fell within the range 450
where 6y and 6p represent the ellipticity values of fully 400 ng/5x 1CPcells/mL (data not shown).
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Table 1: Summary of Association Rate Constants for the Binding of IgE-Fc Mutants teRg&FeRIo),, as Determined by Surface
Plasmon Resonance Using Transient Transfection Superrfatants

association rate (M s™2)

analyte experiment 1 experiment 2 experiment 3 experiment 4 mean
IgE-F¢ (43+11)x10° (31+1.2)x 10° (2.3+1.9) x 1°¢ ND® (25+1.0)x 1°
IgE-Fc (tc} (3.0+0.8) x 1(P (2.8+0.4) x 10P (3.7+£3.2)x 10F (1.3+£0.1)x 10F (2.7+£1.0)x 10F

IgE-Fc(D330S)
IgE-Fc(P333E)
IgE-Fc(P333Q)
IgE-Fc(R334S)
IgE-Fc(R351E)

(2.0 0.6) x 10P
ND

(2.9 0.6) x 10°
(2.3:0.2)x 10°
(3.2:0.3)x 10

(8.1+2.7) x 10°
(6.34 2.1) x 10°9
(2.1+£0.9) x 10°
4.7+ 2.2)x 10°
(6.1+2.2) x 10°

(8.4+6.0) x 10°
(6.8+5.6) x 10°
(2.1+1.7)x 10°
(3.8+3.2)x 10°
(3.8+£3.2) x 10°

(1.2+£0.1) x 10°
(8.2+1.4)x 10°
(1.1£0.2) x 10°
(1.1+£0.1) x 10°
(2.6 0.2) x 10°

(4.9+3.8)x 10°
(7.0+£0.9) x 10°
(2.0£0.7) x 10°
(2.9+ 1.6) x 10°
(3.9+ 1.5) x 10°

a Sensorgrams were analyzed using eq 2. The data for experiments 1 and 2 represeitt sdefam five different ligand concentrations per
sample, and those for experiments 3 and 4 represent mesthfor four different ligand concentrations per sample, unless otherwise stated. The
overall mean for the association rates is given in the final coluhgE-Fc wild-type purified from a permanently transfected NS-0 cell line
(Young et al., 1995)¢ IgE-Fc wild-type (in which all the mutations are inserted) transiently transfected in CHO-L761h%de#ita expressed as
mean4 sd for five concentrations.Not determined’ Data expressed as meansd for four concentrationg.Data expressed as meansd for
three concentrations.

Table 2: Summary of Dissociation Rate Constants for the Binding of IgE-Fc Mutants teFg®&FeRIa),, as Determined by Surface
Plasmon Resonance Using Transient Transfection Superrfatants

dissociation rate (3)

analyte experiment 1 experiment 2 experiment 3 experiment 4 mean
IgE-F¢ 6.0x 10> 5.1x 1075 8.3x 10°° NDd (6.5+1.6)x 10°°
IgE-Fc (tc¥ 47 x 1075 9.9x 10°° 3.1x10° (4.7+1.2)x 10°5¢ (5.6+2.9)x 105
IgE-Fc(D330S) 3.0< 10°° 5.0x 1075 6.3x 10°° (3.9+£0.4)x 10°° (46+1.4)x 10°°
IgE-Fc(P333E) ND 2.1x10* 1.5x 104 (2.940.6) x 104¢ (2.2+0.7)x 104
IgE-Fc(P333Q) 3.4 10°° 7.4x 1075 7.4x 10°° (7.7£0.6) x 10°° (6.5+2.0)x 10°°
IgE-Fc(R334S) 1.5 1073 1.6x 1073 1.9x 1073 (1.2+0.1)x 10°® (1.5+0.3)x 102
IgE-Fc(R351E) 1.6< 10°° 9.9x 1075 6.4x 10°° (4.9+£1.3)x 10°° (5.7£3.4)x 10°°

a Sensorgrams were analyzed using eq 1. For experimer8s dissociation was measured only for the highest concentration of ligand. For
experiment 4, dissociation was measured at all four concentrations of ligand, and the data given Assthéaneach data set. The overall mean
=+ sd is given in the last columA.IgE-Fc wild-type purified from a permanently transfected NS-0 cell line (Young et al., 1985 -Fc wild-type
(in which all the mutations are inserted) transiently transfected in CHO-L761h ¢bltst. determined® Data expressed as meansd for three
concentrations.

Initial kinetic assays were performed by SPR with the Table 3: Summary of affinity constants for the binding of IgE-Fc
receptor immobilized on the sensor surface in the form of mutants to I9GFc-(sFeRla),, as Determined by Surface Plasmon
the fusion protein IgGFC-(SF@RIO.)z. The association and Resonance Using Transient Transfection Superndtants

dissociation phases of the response curve were fitted to analyte affinity constant (V)
monophasic models of association and dissociation. The IgE-F¢ (5.4+2.3)x 1¢°
mutant IgE-Fcs in supernatants from transiently transfected IgE-Fc (tcy (6.1+£4.3)x 10°
cells were compared with wild-type IgE-Fc, which was also :QE:Egggg’ggg ((g'i g'ggi ig
obtained by transient transfection, and wild-type IgE-Fc, |gE_FC(P333Q) (3.9 3.0) x 1C°
which was purified from an NS-0 cell line (Young et al., IgE-Fc(R334S) (1.8:0.9)x 10°
1995). Tables 1 and 2 show the rate constants obtained from IgE-Fc(R351E) (9.3:7.1)x 10

the data fitting for four separate experiments. The affinity  aThe affinity constants for the IgE-Fc mutants were calculated from

constants derived from the rate constants are summarized irthe association and dissociation rate constants that are shown in Tables
Table 3. 1 and 2. The affinity constant was determined for each ligand in each

o . . of the four reported experiments, and the measd for all experiments
The SPR analysis indicates that wild-type IgE-Fc obtained is shown. IgE-Fc wild-type purified from a permanently transfected

by transient transfection has an association rate constant oNS-0 cell line (Young et al., 1995}.IgE-Fc wild-type (in which all
(2.74 1.0) x 10° M~* st and a dissociation rate constant the mutations are inserted) transiently transfected in CHO-L761h cells.
of (5.6 + 2.9) x 1075 s7%, averaged over four experiments.
These rates are in good agreement with the values obtainedlomains of IgE-Fc, linked by Cys328 retained from the
using purified IgE-Fc (Tables 1 and 2) and, therefore, indicate C-terminal end of € in order to maintain the native
that the additional material present in the transient transfec-proximity of the twoe-chains in the €2-Ce3 linker region.
tion supernatants did not affect the interaction with JgG  Permanent NS-0 cell lines of the mutant IgE-Fc and3~4
Fc-(sFeRla),. None of the mutants had significantly \were made, and the expressed protein affinity purified from
different rates of association (Table 1). However, the IgE- the tissue culture supernatants. Trace amounts of aggregated
Fc(P333E) and IgE-Fc(R334S) mutants had markedly fastermaterial were removed by gel filtration and the purity of
dissociation rate constants [(2220.7) x 10*s™and (1.5 the final material was demonstrated by analytical gel filtration
+ 0.3) x 107* s”* respectively, aver_aged_ over four experi- (Figure 2). SDSPAGE in reducing and nonreducing
ments, Table 2] when compared with wild-type IgE-Fc.  conditions was used to show that the interchain disulfide
(c) Permanent Cell Lines of IgE-Fc(R334S) andc8c bonds were formed (data not shown). The recombinant
4(R334S). The R334S mutation was inserted into IgE-Fc protein fragments were homogeneous and monodisperse by
and Fe3-4. The latter is a covalent dimer of the¥Cec4 both criteria.
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Ficure 2: Gel filtration analysis of purified IgE-Fc(R334S) and
Fce3-4(R334S). Affinity purified IgE-Fc(R334S) and &>
4(R3345S) were further purified by gel filtration on a Zorbax GF-
250 gel filtration column. The chromatograms demonstrate the
homogeneity of material after the preparative gel filtration chro-
matography.

(d) Kinetic Analysis of IgE-Fc(R334S) andd3c4(R334S)
Binding to IgG-Fc-(sFeRla),. The kinetics of binding were
analyzed by SPR. The mutant proteins were compared with
their unmutated counterparts and with IgE-WT. Figure 3

Henry et al.
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Ficure 3: Sensorgrams of IgE-WT, IgE-Fc, IgE-Fc(R334Sk3-c

shows representative sensorgrams for all the proteins. VisuaK, and Fe3-4(R334S) binding to immobilized Igg-c-(sFeRlo)..

inspection of the sensorgrams for the wild-type and mutan
IgE-Fc and Fe3-4 indicates that the R334S mutation has a
substantial effect upon the dissociation rates of these
molecules from IgGFc-(sFeRIa),. Initially the data were
fitted to a monophasic model of binding (as defined by eqs
1 and 2). Figure 4 shows representative fits for IgE-Fc and
IgE-Fc(R334S) only. The other proteins assayed [IgE-WT,
Fce3-4, and Fe3-4(R334S)] gave similar fits. It is evident
from the size and nonrandom distribution of the residuals

t The binding of purified IgE-WT and IgE fragments was monitored

by SPR. The different ligands were injected onto the sensor surface
at five different concentrations in the range 15 nM taM. A 6
min association phase was followed & 6 min dissociation phase

with HBS buffer flowing over the sensor surface ab/min.

Representative sensorgrams are shown.

the value ofky; is ~5 times higher than that of IgE-Fc (4.6
x 1072 st compared with 1.0x 1072 s™1). For Fe3-
4(R334S), the value &, is ~250 times higher than that of

that a monophasic model (left-hand panels for both associa-Fce3-4 (3.8 x 1072 s71 compared with 1.5x 107* s71),

tion and dissociation in Figure 4) does not adequately

although there is no significant difference in tkg values

describe the observed interaction. The data were fitted to afor the mutant and wild-type E8-4. This increase in the

biphasic model (right-hand panels in Figure 4), as described
by egs 3 and 4. The representative fits, along with the
residual plots, for the biphasic model demonstrate that this
model is a better description of the observed interaction.
Similar results were obtained for IgE-WT, &4, and Fe3-

second dissociation rate has a profound effect upon the
affinity of the second componentK{), which is the
component that dominates the observed interaction, reducing
itto 1.0 x 10’ M~* and 6.8x 10° M~ for IgE-Fc(R334S)

and Fe3-4(R334S) respectively.

4(R334S). Table 4 summarizes the rate constants derived The kinetics of IgE-Fc(R334S) binding to &Rl were also

from these fits for the purified proteins, IgE-WT, IgE-Fc,
IgE-Fc(R334S), and the two mutants.

For the five proteins assayed [IgE-WT, IgE-Fc, IgE-Fc-
(R334S), Fe3-4, and Fe3-4(R334S)], the values fdg; are
identical to each other within experimental error. The values
for ka2 are also within error of each other, except foe&c
4(R334S), which is~20 times slower than the others.
Striking differences are found in the dissociation rate
constants, however, particulaky,.. There are no differences
between the dissociation rates of IgE-WT, IgE-Fc, andBFc
4, but IgE-Fc(R334S) and E8-4(R334S) are markedly
different from the wild-type protein fragments. For IgE-
Fc(R334S), the value df;; is ~45 times higher than that of
IgE-Fc (8.9x 1072 s ! compared with 2.0« 104 s™1), and

determined by a cell binding assay. Table 5 summarizes
the data obtained by this method, and it confirms the trend
seen in the SPR assay, using transient transfection superna-
tants. In the cell binding assay the R334S mutation decreases
the affinity of the interaction of IgE-Fc with FRl,
principally through a 12-fold increase in the dissociation rate
[1.7 x 1075 s for wild-type IgE-Fc, compared with 2.9

104 s ! for IgE-Fc(R334S), Table 5]; by SPR, the increase
in dissociation rate was found to be 27-fold [5610°° s

for wild-type IgE-Fc, compared with 1.% 103 s for IgE-
Fc(R334S), Table 2]. The higher absolute values ofkkhe
determined by the cell binding assay [5<710° M~ for
wild-type IgE-Fc, compared with 3.% 10° M~ for IgE-
Fc(R334S), Table 5], as compared with SPR [6.10° M2
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FiIGure 4: Fitting of SPR data for IgE-Fc and IgE-Fc(R334S) binding to immobilizedd§& (sFeRIa),. The association and dissociation
phases of the interaction with Igé-c-(sFeRla), were fitted to monophasic (egs 1 and 2) and biphasic (eqs 3 and 4) models of binding.
The fitted lines are overlayed with the data in each plot. The residual plots (obtained by subtracting the calculated fit from the experimental
data) are shown for each fit. Representative fits are shown for IgE-Fc at 125 nM and IgE-Fc(R334S) at 1000 nM.

for wild-type IgE-Fc and 1.8 108 M~ for IgE-Fc(R3348S), It is clear that there is no difference between the fractions
Table 3], will be discussed below. in either the ratio of the two binding component/Ry,

(e) Analysis of Rebinding of IgE-Fc(R334S) to lget- Table 6) or their dissociation rate constartg;,(ky), and
(sFRlo),. We considered the possibility that the biphasic therefore, the biphasic kinetics do not result from heteroge-
kinetics seen in the SPR assay might be a result of neity in the assayed ligand.
heterogeneity in the assayed ligand (IgE or IgE-Fc fragment). () Binding of IgE-Fc(R334S) to ERIl. IgE has a low-

In order to test this possibility, IgE-Fc(R334S) was repeatedly affinity receptor (FeRII/CD23), with a completely different
injected over a sensor surface with immobilized Jg€&- range of activities from I (Sutton & Gould, 1993; Gould
(sFeRIa), and the material that dissociated was collected et al., 1997) but which also binds toc& (Vercelli et al.,

in discrete time windows (Figure 5A). Each fraction was 1989; Nissim et al., 1993). The &l and FeRII binding
then reassayed for binding to IgGc-(sFeRla),. Figure sites on IgE appear to be located in different (although
5B shows the fitted dissociation curves for the sequential overlapping) parts of the protein (Helm et al., 1988, Vercelli
fractions and Table 6 gives the dissociation rate constantset al., 1989; Nissim et al., 1993), and thus, the R334S
and theRy/Ry ratios derived from these fits, for each fraction. mutation is not expected to have any direct effect upon the
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Table 4: Summary of Kinetic Data for IgE-WT, IgE-Fc, IgE-Fc(R334Sxk3F4, and Fe3-4(R334S) Binding to IgG&Fc-(sFeRla),, as
Determined by Surface Plasmon Resonance Using Purified Proteins

protein assayed

constant IgE-WT IgE-Fc IgE-Fc (R334S) = Fa3-4 (R334S)
ket (M2 sY) (35+ 0.8) x 10° (1.2+0.8) x 10° (3.9+3.2) x 10° 6.4+ 5.4) x 10° (2.6+0.3) x 10°
ke (M~1579) (8.6+ 3.5)x 10¢ (2.5+ 1.8)x 10° (9.3% 8.8) x 10¢ (5.5+ 4.7) x 10° (3.9+ 1.2) x 10°
ket (5°9) (L4+ 0.1)x 102 (1.0+ 0.1)x 10°2 (4.6+ 0.4) x 102 (1.7+0.1)x 102 (1.1+ 0.6)x 102
kez (579) (3.6+ 1.9)x 104 (2.0+ 0.1)x 10 (8.9+ 0.4)x 1073 (1.5+ 0.1)x 10 (3.8+ 0.6) x 10°2
Kar(M~1P 2.5x%x 107 1.1x 10 8.6 x 10° 3.8x 10’ 34x 10
Kaz (M~Y)¢ 2.4x 108 1.2x 10 1.0x 107 3.7x 108 6.8 x 1C°
Ri/Ry 0.064+ 0.001 0.043f 0.002 0.43+ 0.03 0.029+ 0.004 0.6% 0.06

a Sensorgrams were analyzed using egs 3 and 4. Results are expressed assudanfive separate determinations. IgE-WT and IgE-Fc were
measured in the concentration range of 260 nM, and all other proteins in the range 622000 nM.P Calculated aka/ky:. ¢ Calculated as

kaoKaz-

Table 5: Summary of the Binding of IgE-Fc and IgE-Fc(R334S) to Table 6: Summary of Dissociation Rate Data for Rebinding of

Cell Surface FeRI? IgE-Fc(R334S) to IgeFc-(sFeRla), by Surface Plasmon
protein assayed Resonance
constant IgE-Fc IgE-Fc(R334S) constants
i —1 —1
k(MTsd  (99+1.1)x 10 (4)  (7.5+2.6)x 10 (4) fraction Kar (57 Kz (S7) Ry/Ro
ki(s™) (1.7+£0.2) x 1075 (7) (2.0£0.1) x 107* (4) unfractionated 0.016 4910 0.47
Ka (M1 5.7 x 10%° 3.7x 1@ 0-90s 0.015 4.3 103 0.45
3
a Results are expressed as measd for each assay. The numbers iga—lggoss 8812 Zg igg 82;
of experiments performed are given in parenthes€slculated ag/kq. 270-360 s 0'013 4'9< 102 0' a4
2 The dissociation rate analysis was performed using the biphasic
A Fractions collected model (eq 3). Sequential 90 s fractions were collected as IgE-Fc(R334S)

dissociated from immobilized Ig&Fc-(sFeRla),, and reanalyzed for

(seconds) > ' . e
200 - 0- 190- l180-l270. binding to 1gG-Fc-(sFeRla), for comparison with the original,
. 90 |180(270 {360 unfractionated material.
‘B 1504
g Table 7: Summary of Data for Binding of IgE-Fc and
£100- IgE-Fc(R334S) to Cell Surface ERlI?
g protein assayed Ka(M™Y)
172}
& 507 N IgE-Fc (3.24 2.4) x 107 (4)
\\ IgE-Fc(R334S) (2.4-3.9) x 107 (4)
01 a Affinity is expressed as meait sd. Each individual experiment
P 500 200 600 800 1000 was performed in duplicate, and the number of repeat experiments is
Time (seconds) given in parentheses.
B and IgE-Fc(R334S) have identical affinities for Ril,
35076905 implying that the R334S mutation does not have any gross
23001 effect upon the structure of the IgE-Fc.
5250 4 (g) Structural Analysis of IgE-Fc(R334S) and eBe
8 200 4(R334S).CD spectroscopy was also used to examine the
§,50]7018% conformation of the wild type and mutant IgE-Fc and¥<c
g 180-2708 4. Figure 6 shows the CD spectra of these molecules in the
% 100 ) : . ;
K 270-360 far UV region. Visual inspection of the spectra reveals no
501 significant difference between the wild type and mutant
0 , . , ‘ . . proteins, and the spectra are in good agreement with those
400 500 600 700 800 900 previously published for wild type proteins (Dorrington &

Time (seconds) Bennich 1978; Shi et al., 1997). The thermal stability of

FiGURE5: Rebinding to IgG-Fc-(sFeRIa), of IgE-Fc(R334S) after  these protein fragments was also assessed by CD spectros-
dissociation from a IgGFc-(sFeRla), SPR sensor surface. IgE-  copy (Figure 7). Visual inspection of the denaturation curves
Fc(R334S) that had dissociated from a sensor surface coated withindicates that the mutation does not affect the stability of
IgG4-Fc-(sFeRla), was collected and reanalyzed in order to the protein, and this is confirmed by tfig value (mid point

determine whether the apparent biphasicity of binding was due to . - .
heterogeneity of the IgE-Fc(R334S). (Panel A) The four fractions Of thermal denaturation curves) for each protein studied

that were collected as a function of the initial dissociation time. (Table 8).
(Panel B) The reanalysis of the collected fractions using a biphasic
model of dissociation (eq 3). The data and the fitted lines are shown DISCUSSION
for each fraction.
We set out to investigate the involvement of particular
binding of IgE-Fc to FeRlII (Vercelli et al., 1989). Binding residues in the € domain of IgE in its interaction with
to Fa:RII was used here only to assess the structural integrity FceRI.  Two regions were targeted: the N-terminal linker
of IgE-Fc(R334S). The data in Table 7 show that IgE-Fc region and the loop between strands A and B. This was
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IgE-Fc 3 IgE-Fc(R334S) Table 8: T, Values for Unfolding, Calculated from the Thermal
Denaturation Profiles for IgE-Fc and &34 and Their Respective
2 2 Mutants

1 1 sample Tm (°C)

IgE-Fc 64.6
IgE-Fc(R334S) 62.8
-1 -1 Fce3-4 54.7
Fce3-4(R334S) 54.5

2% 0 0 %o 20 20 20 %o M~ (Table 3) compared with 5.% 10° M~! (Table 5)].
This difference may reflect a requirement for membrane
components in addition to ERIa, to confer high-affinity

Fce3-4 Fce3-4(R3348S) binding to FeRI. It has been reported that thyechains of

] the 19G receptor, BRI, are required for high-affinity 1gG

binding (Miller et al., 1996). RRI utilizes the same

y-chains (Ravetch, 1994), and it is therefore possible that
they are also essential for IgE to bind to its receptor with
native affinity.

Identification of a Contact ResidueThe most dramatic
result obtained with any of the mutants using transient
transfection supernatants was with R334S. Khtor FceRl
190 210 " 230 250 “%0 T 2i0 T 230 250 binding to this mutant was 34-fold lower than that of wild-

Wavelength (nm) type IgE-Fc (Table 3), and this lower affinity was mainly
caused by a 27-fold increase in the dissociation rate constant

FﬁGSUSFzES& Czc#gfggﬂém 2|ﬁectra Cl’f IgE-Fc, &4, IgEd-F(E-4OO (Table 2). This was confirmed by a cell binding assay which

/(lg/ml in)’zé(l)an soc(iium ph)c.>sphr?\'?:amt?u?fser\f\/?)lifie g?i,a?#i: 0.% mm yiEIdS a _15'fO|d decreas_e iK?’ .eXCIUSively through an

path length cell at 4C. increase in the rate of dissociation (Table 5). These data

suggest that Arg 334 is involved in the human IgERE
IgE-FC Fce3-4 interaction. Interestingly, this is supported by an early
observation that Arg365 in rat IgE [numbering according to

10 1 10 Kabat et al. (1991) and the homologue of Arg334 in human

IgE] is the trypsin cleavage site that is protected in the rat

08 0.8 1 IgE:FceRI complex (Perez-Montfort & Metzger, 1982).

We thus proceeded to make permanent cell lines express-

06 | 06 | ing IgE-Fc(R334S) and the smaller fragment¥d(R334S).

Kinetic analysis of the SPR data obtained with purified IgE-

Fc and IgE-Fc(R334S) indicated that the interaction could

Ae M cm™)

[ O T C R P Y
g +
W N = O = N W s

Fraction unfolded

04 1 ~
o only be adequately described by a biphasic model, as
02 0q | discussed in the following section. The even more striking
effect of this mutation on the dissociation rate of the second
00 1 oo | ® component, namely a 45-fold increaseki, _Iea_ding to a
‘ ' 120-fold decrease ik, (Table 4), clearly indicates that
2 40 6 s0 0 40 60 50 Arg334 makes a major contribution to the interaction with
Temperature ("C) FeeRla.

Both IgE-Fc(R334S) and k8-4(R334S) were analyzed
FIGURE 7: The thermal stability of IgE-Fc, Ig.E-Fc.(R334S),eBe by CD (Figure 6) and in thermal stability studies (Figure 7,
4, and Fe3-4(R334S), assessed by circular dichroism spectroscopy. Taple 8) and were found to be indistinguishable from their

The thermal denaturation profiles of wild-typl)(and mutant®) .
IgE-Fc and Fe3-4 were measured at 4@@/mL in 20 mM sodium wild-type counterparts. IgE-Fc(R334S) was also assayed for

phosphate buffer, pH 7.4, and 150 mM NaCl. Samples were heatedFCeR |l binding (Table 7) and found to have the same affinity
from 20 to 80°C in 2 °C steps in a 0.5 mm path length cell, and as wild-type IgE-Fc. By these criteria, the R334S mutation
:he e”%_phtieCité/th Zéﬁnnrg“iwﬁzitm%%sstgﬁlde dUSVivnfs ?rgﬁsioirm?e%fﬁgﬁon does not alter the gross structure of the8@omain, and we
ime. SR ;
fraction unfoldedg([}) as dgscriged in the Materials and Methods. therefore C.OHCIl.Jded that Ar.g334 is directly involved as a
contact residue in the IgE-Fc:&lo. complex. Furthermore,
the fact that the kinetic data for IgE-Fc(R334S) binding to
achieved by transient and permanent expression in mam-FceRla derived by SPR is confirmed by the cell binding
malian cells of site-directed mutants of IgE-Fc and3-4, assay (Table 5) indicates that the mutation only affects the
a subfragment of IgE-Fc consisting of a disulfide-linked interaction of IgE-Fc with ther-chain of FeRI and not with
dimer of the €3 and G4 domains. Transient expression any of the accessory chains.
of site-directed mutants of IgE-Fc yielded sufficient recom-  The effect of P333E on the dissociation rate (Table 2)
binant material to perform kinetic analysis of the interaction confirms our previously published observations using a cell
with FceRla by SPR. Before discussing the mutants, we binding assay (Beavil et al1993). The observation that
note that the affinity constant determined by SPR for wild- the P333Q mutation has no effect on the binding kinetics,
type IgE-Fc binding to skRlo is about 10 times lower than  however, suggests that Pro333 is not directly involved in
that derived by conventional cell binding assays [5.40° the binding of IgE-Fc to FRRla. The increased dissociation
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rate in the P333E mutation may result from unfavorable theoretically possible that the biphasicity of binding repre-
interactions between the glutamic acid residue and the surfacesents a sequential monovalent to bivalent attachment of the

of FceRIa, implying that Pro333 must lie in close proximity
to the receptor in the IgE:[ERI complex.

In contrast to these mutations in the23Ce3 linker region,
a mutation, R351E, located nea¢4dn the three-dimensional
structure of IgE-Fc, had no effect ondRl binding. This is

IgE to the immobilized receptor. This explanation has to
be discounted as the stoichiometry of binding of IgE, IgE-
Fc, and Fe3-4 to FeRIl has been shown to be 1:1
(Kanellopoulos et a] 1980; Robertson, 1993; Keown et al.,
1995, 1997; Naito et al., 1996). We note that the magnitudes

consistent with the results of Presta et al. (1994) who of the SPR signals at equilibrium (extrapolated from Figure
examined the mutation R351A. This residue lies in the loop 2) are consistent with a 1:1 stoichiometry of binding for IgE,

region between th@-strands A and B of the €3 domain
(the AB loop). Previous workers (Helm et al., 1996) found

IgE-Fc, and Fe3-4. For example, 1000 RU of immobilized
IgG4-Fc-(sFeRla), (molecular mass 150 000 Da) would be

that G:3 sequences truncated at either the N- or C-terminus expected to bind 1000 RU of IgE-Fc (molecular mass 75 000

of the AB loop lost FeRI binding activity. Although they

Da) if each of the two skdRla chains can bind one IgE-Fc

interpret their results to indicate that this loop is an essential fragment, and this is the value that we observe. The

part of the FeRlI binding site, it may be that its importance

proportionally higher and lower RU values for IgE and8&c

is rather as a determinant of an essential conformation at a4, respectively (Figure 3), are similarly consistent with a 1:1
distal contact site. We were unable to express the IgE-Fc- stoichiometry of binding.

(D347T) mutant, even though multiple constructs were used.

4. Diffusion of Ligand from the Sensor MatrixThe

One possible explanation for this is that this mutation in the sensor surface is coated with a dextran matrix, through which

AB loop critically destabilized the structure o&8&, prohibit-
ing its accumulation and secretion.

Biphasic Nature of the Interaction.The SPR kinetic
assays on the purified IgE-Fc, &4, and their respective

the ligand must diffuse in order to bind to the immobilized

receptor. The biphasicity of the dissociation phase could
be due to diffusion of unbound ligand from within the sensor
surface matrix (Edwards et al., 1995). This possibility can,

R334S mutants highlight additional features of the interaction however, be excluded by other results from this laboratory

of IgE with FcRI that were not apparent in either the cell

(Cook et al., 1997) in which immobilized site-directed

binding assay or the SPR assay with transient transfectionmutants of skeRIa showed differences ibothdissociation
supernatants. The SPR data measured with the purifiedrate constantskf, or ky,). If the faster dissociation compo-
proteins (Figure 3) could not be fitted by a simple monopha- nent (with dissociation rate constaky;) is an artifact of

sic interaction, and it was necessary to invoke a more diffusion of the ligand from the dextran matrix, then it should
complex, biphasic model. Fitting the SPR data to a biphasic be unaffected by mutations in the immobilized receptor. It
model for both association and dissociation greatly improved is clear that mutations in the receptor do afflegt therefore,

the fits for both the wild-type and mutant IgE-Fc, as indicated indicating that the faster dissociating component is not due
by the residual plots (Figure 4); the same was observed forto diffusion from the dextran matrix.

IgE-WT, F&3-4, and Fe3-4(R334S) (data not shown). There

We, therefore, conclude that IgE (and IgE-Fcs¥-d, and

are a number of potential explanations for the observed the R334S mutants) interact withdRl in a biphasic manner.

biphasicity of the binding kinetics for Igg-WT, IgE-Fc, and
Fce3-4 to sFeRIa, which must be considered.
1. Heterogeneity of the LigandGross heterogeneity,

We note, however, that our cell binding assay indicates that
IgE-Fc interacts with FRI on the cell surface in a
monophasic manner, and this has also been observed by

caused by aggregated material in the ligand sample, may beothers for the binding of rat IgE (Kulczycki & Metzger,
discounted by the results of the gel filtration analysis. Any 1974) and mouse IgE (Wank et al., 1983) teRton RBL

remaining heterogeneity, including that due to heterogeneouscells.

However, this is to be expected because of the

or incomplete glycosylation, is not the cause of the bipha- experimental limitations of this type of assay. It is impos-
sicity, as the rebinding experiments with IgE-Fc(R334S) sible to take accurate measurements of either association or
(Figure 5, Table 6) indicate that there is no difference dissociation within the first few minutes of the reaction
between material collected during the early and late phasesbecause of the time that it takes to process the samples. Thus,

of dissociation.
counted.

2. Heterogeneity of the Immobilized Receptdwo forms
of the receptor [sRRlo and IgG-Fc-(sFeRla);] and two

entirely different means of coupling to the sensor surface as reported in this paper.

This explanation can therefore be dis- the contribution of any fast component cannot be measured

in this assay, and the reaction appears to be monophasic.
No evidence for biphasic kinetics was apparent in the data
derived from the transient transfection supernatants either,
This is a result of the low

(by primary amines and by carbohydrate), were used to concentration of specific ligand (IgE-Fc) within the super-

measure the kinetics of IgE-Fc binding toeRia. No

natants, for which the signal to noise ratio is too low to

difference between any of these combinations was detectedunambiguously define the two phases.
in respect of the biphasic kinetics that are observed (data The biphasic interaction is characterized by a higher

not shown). This makes it unlikely that it is the chemistry

of immobilization that is responsible for the biphasic kinetics.

affinity component, defined blg,,, kg2, andK,,, and a lower
affinity component, defined b, kq1, andK,; (Table 4),

Several different sensor surfaces have been prepared, andnd it is the higher affinity component which dominates the
immobilized densities from 50 to 5000 RUs have been tested,interaction. The R334S mutation in IgE-Fc has very little
and the biphasic kinetics are consistently observed on all effect upon the association rate of either component, but a

surfaces. With nonspecific binding contributing to a maxi-
mum of 1% of the total binding, it cannot be nonspecific
binding either that is responsible for the biphasicity.

3. Sequential Bialent Attachment of the Ligand to the
Receptor. Because of the symmetrical nature of IgE, it is

large effect on the second dissociation rate constiaat (
Table 4); it is a 45-fold enhancement in this dissociation
rate constant for IgE-Fc(R334S) that is primarily responsible
for the 120-fold reduction ik, This would suggest that
Arg334 is not involved in the initial complex formation, but
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is essential for the formation of a high-affinity complex.
Arg334 and the Bending of IgE-Fdn view of the location
of Arg 334 in the model of IgE-Fc (Padlan & Davies, 1986;
Helm et al., 1991, and see Figure 8), it is possible that the
R334S mutation could have an effect upon the quaternary
structure of the Fc by altering the disposition of the2C
domains relative to €3. It is known that both IgE (Davis
et al., 1990; Zheng et al., 1991; A. Beavil, S. Perkins, & B.
Sutton, unpublished data) and IgE-Fc (Beavil et al., 1995)
are bent in solution, and that in IgE-Fc the bend is most
likely to occur between € and G3 (Beavil et al., 1995).
Mutation of Arg 334 could therefore affect the bend in the
IgE-Fc and hence access to a site BC It was for this
reason that we introduced the R334S mutation inteBF
which lacks the € domains. [A similar mutation in IgE,
which did cause a reduction in binding, was uninterpretable
on account of this problem (variant 64; Presta et al., 1994)].
The results show clearly that the mutation is equally, if not
more, effective in Fe3-4 than IgE-Fc in reducing the affinity
of the interaction with FeRla (Table 4). As with IgE-Fc,
this reduction in the affinity was principally determined by

an increase in the dissociation rate_, which _mE:Fd IS FiGURe 8: Schematic representation of the positions of residues in
enhanced by~250-fold for ks, by this mutation. We,  the G3 domains of IgE-Fc implicated in ERI binding. The
therefore, conclude that the R334S mutation does not exertpositions of residues Arg376, Ser378, Lys380, Glu414, Arg427,

its effect by changing the quaternary structure of IgE-Fc, Met430, and Arg393 (Presta et al., 1994), Pro333 and Arg334 are
but is directly involved in the interaction with ERlo. identified on a ribbon diagram of E8-4; the model is based on

An Extensie Binding Interface.In an earlier study, a Padlan and Davies (1986).

g Y,

number of residues (Arg376, Ser378, Lys380, Glu4l4, residues identified by Presta et al. (1994). Formation of the
Arg427, and Met430) in the CD, EF, and FG loops @3C  long-lived, high-affinity complex (characterized by, Kz,
were found to reduce ERI binding by up to 9-fold when  and K., may involve engagement of all the residues that
mutated in IgE, as determined in a qualitative cell binding constitute the binding site on bothe® domains, including
assay (Presta et al., 1994). However, Arg334 is located onArg334, mutation of which we know dramatically affects
the opposite face of the predicted three-dimensional structureonly kq, and K., The importance of Arg334 to this high-
of Ce3 from those residues proposed by Presta et al. Thisaffinity complex is evident by its contribution of 23% of
paradox is resolved when it is appreciated that in the the binding energy of the IgE-Fc:sfRlo. complex? This
predicted structure of IgE-Fc, twoe@ domains are related  two-phase model is currently being tested by detailed kinetic
by a 2-fold axis of symmetry, so that the opposite faces of analysis of the mutants defined by Presta et al. (1994).
Ce3 are presented on the same side of IgE-Fc, one face from Comparison with IgG:Receptor Interactiond.he struc-
each &3 domain (Figure 8). One further residue that affects turally homologous position to Arg334 in IgG (residue 236)
FceRI binding was identified by Presta et al. (1994), Arg393, is adjacent to the first residue to be identified as critical for
and it lies on the same face as Arg334. All the mutations the binding of 1gGa, to FcyRI, namely Leu235 (Duncan et
thus identified define a continuous contact surface feRFc ~ al., 1988). Residues Leu234 to Gly237 have been shown to
comprised of amino acids distributed between the tw8 C  be important in IgG (Lund et al., 1991) and Ig§&XChappel
domains. et al., 1991) binding to BRI and also FgRII (Lund et al.,

Such a large interaction surface in IgE-Fc implies the 1991). Furthermore, residues Arg427 and Met430 identified
participation of both extracellular domains ofdRia, since by Presta et al. (1994) lie within the “hinge-proximal bend”
the distance between tlhecarbons of Arg393 and Lys380 (FG loop), the homologous residues to which in {ggihd
is ~3.8 nm (Figure 8), and the maximum dimension of one 1gG; have been shown to be important in IgGyRt
o-chain domain is only~3.0 nm. While the membrane- interactions (Woof et al., 1986; Canfield & Morrison, 1991;
proximala(2) domain of FeRlo has been shown to exhibit  Chappel et al., 1993). It appears, therefore, that IgE interacts
IgE binding (Mallamaci et al., 1993; Robertson, 1993; with FceRI through a region that is structurally homologous
Scarselli et al., 1993) and various determinants of IgE binding to a receptor binding region of IgG. However, the IgG:Rc
have been mapped to this domain [reviewed in Hulett and interactions may be restricted to the hinge and hinge-proximal
Hogarth (1994) and McDonnell et al. (1996)], the isolated bends of IgG (Duncan et al., 1988; Chappel et al., 1991;
a(2) domain is significantly less active than the whole Lund etal., 1991), whereas the IgERt interaction appears
extracellular portion (Robertson, 1993, Scarselli et al., 1993), to involve a greater surface area. This may account for the
implying a role for thea(1) domain. This issue will be  exceptionally high affinity of the IgE:F®RI interaction,

discussed further in the following paper in this issue. which is 1-2 orders of magnitude greater than that for any
This definition of an extended region of IgE involved in  other Ig:FcR interaction (Ravetch & Kinet, 1991).
the interaction with FeRI allows a physical explanation of In conclusion, we have demonstrated the importance of

the biphasic kinetics to be proposed. The lower affinity Arg334 for the binding of IgE to FaRlI, but not to FeRll,
component of the biphasic interaction (defined Ky ki,

andKa;) may represent the formation of a short-lived, low- 2 the contribution of Arg334 to the overallG is calculated as +
affinity, complex which is mediated by some, or all, of the [In Ka{Arg334))/[In KaA(wt)].
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delineated a large contact region on IgE-Fc that spans bothKabat, E. A, Wu, T. T., Reid-Miller, M., Perry, H. M., &
Ce3 domains and proposed an explanation for the observed Gottesman, K. S. (199Bequences of Proteins of Immunological

biphasic nature of the kinetics of this interaction. Under-

Interest., 5th ed., U.S. Department of Health and Human
Services.

standing the precise contributions of individual residues to Kanellopoulos, J. M., Liu, T. Y., Poy, G., & Metzger, H. (198D)

the kinetics of binding and dissociation may be exploited in
the design of inhibitory compounds for the clinical manage-
ment of allergic disease.
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