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Abstract

The interaction of mouse IgG1l or IgGl-derived Fc fragment with recombinant, insect cell expressed mouse FcRn has been
analyzed using sedimentation equilibrium. This results in a model for the interaction in which the two binding sites for FcRn on
Fc or IgG1 have significantly different affinities with macroscopic binding constants of <130 nM and 6 uM. This data indicates
the formation of an asymmetric FcRn:Fc (or IgG1):FcRn complex which is consistent with earlier suggestions that for this form
of recombinant FcRn, binding to IgG1l or Fc does not result in a symmetric 2:1 complex in which both binding sites are

equivalent. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The MHC class I related receptor, FcRn (Simister
and Mostov, 1989), has been shown to be involved in
both the transfer of gammaglobulins (IgGs) from
mother to young (Israel et al., 1995; Roberts et al.,
1990; Rodewald et al., 1983; Simister and Rees, 1985)
and the regulation of serum IgG levels (Ghetie et al.,
1996; Israel et al.,, 1996; Junghans and Anderson,
1996). The available data indicate that it carries out
these functions by acting as a transcytotic and/or recy-
cling receptor whereby it binds and transports IgGs in
intact form within and across cells (reviewed in Ghetie
and Ward, 1997; Junghans, 1997). This receptor binds
to the Fc region of IgG, and amino acids at the CH2—
CH3 domain interface play a central role in the inter-
action (Burmeister et al.,, 1994; Kim et al., 1994a;
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Medesan et al., 1997; Raghavan et al., 1994). The in-
teraction is highly pH dependent with high affinity
binding occurring at pH 6.0-6.5 and undetectable
binding at a pH above 7.0 (Popov et al., 1996;
Raghavan et al., 1994; Rodewald and Kraehenbuhl,
1984; Simister and Rees, 1985). This strict pH depen-
dence is most likely due to the involvement of histi-
dines of the Fc region (Kim et al., 1994a; Raghavan et
al., 1994). Evidence for an indirect role for FcRn histi-
dines in mediating a pH dependent interaction has also
been presented (Raghavan et al., 1994, 1995a).

The symmetry of the IgG molecule suggests that the
interaction of FcRn with IgG or Fc may occur with a
stoichiometry of two FcRn molecules to one Fc or
IgG molecule. Functional studies in mice using an ‘Fc-
hybrid” which has only one functional FcRn binding
site per molecule indicated that two functional sites
per IgG (or Fc) are needed for FcRn-mediated activity
(Kim et al., 1994b). Consistent with this, in co-crystals
of rat FcRn and Fc a network of two types of com-
plexes are seen (Burmeister et al., 1994); one of these
types of complexes comprises ‘standing up’ complexes
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in which two FcRn molecules bind to one Fc whereas
the other type of complex is an asymmetric ‘lying
down’ complex in which an FcRn dimer interacts with
one Fc. However, solution studies of FcRn and IgG/
Fc have resulted in conflicting results for the
FcRn:I1gG/Fc stoichiometry, with data in support of
the formation of 2:1 (Huber et al., 1993) or 1:1 (Popov
et al., 1996) complexes being reported. These differ-
ences may be due to the differences in the sources of
recombinant protein (expressed in insect or mamma-
lian cells) and/or species of FcRn (mouse or rat) used
in the two studies.

The 1:1 stoichiometry obtained by our in vitro stu-
dies of insect cell expressed FcRn (mouse derived)
using gel filtration and other methods (Popov et al.,
1996) is inconsistent with the need for two functional
sites per Fc for activity in FcRn-mediated trafficking
in vivo (Kim et al., 1994b). To reconcile the apparent
discrepancies between the 1:1 complex formed in vitro
and our functional data for the Fc-hybrid, we there-
fore proposed an asymmetric model for the Fc:FcRn
interaction (Ghetie and Ward, 1997). In this model we
suggested that the Fc molecule is asymmetric with
respect to FcRn binding, and when one site is occu-
pied, the affinity of the other site decreases. This is
also consistent with a structural model for Fc:FcRn
complexation proposed recently in which the CH2
domain reorientates itself following interaction with
FcRn (Weng et al., 1998) and earlier suggestions that
Fc may be distorted by FcRn binding (Burmeister et
al., 1994). In the current study, the affinity and stoichi-
ometry of interaction of recombinant, insect cell
expressed mouse FcRn with mouse IgG1 or Fc (IgGl-
derived) has been analyzed using sedimentation equili-
brium experiments. The results provide support for the
concept that the FcRn interaction sites on IgG/Fc
have significantly different affinities, and for this par-
ticular interaction involving mouse IgGl (or Fc) and
recombinant FcRn the macroscopic affinity constants
differ by about 50 fold.

2. Materials and methods
2.1. Antibodies

Mouse IgGl was obtained from the RFB4 hybri-
doma as described previously (Kim et al., 1994a). The
mouse IgGl-derived Fc fragment was prepared by
papain digestion at pH 6.0 and purified using protein
A-Sepharose (Kim et al., 1994a).
2.2. Mouse FcRn

Mouse FcRn was expressed and purified from bacu-
lovirus infected High-5 cells (Popov et al., 1996). Prior

to use in sedimentation equilibrium experiments, FcRn
was analyzed by FPLC using a Superdex 200 column
(Pharmacia) and a Bio-Rad BioLogic workstation.

2.3. Analytical ultracentrifugation

Sedimentation equilibrium experiments were per-
formed using a Beckman Optima XL-A with an An60-
Ti 8-hole rotor and absorbance optical system. Double
sector charcoal-filled epon centerpieces were filled with
between 130 and 180 pl of protein at concentrations in
the range between approximately 0.05 and 5 pM in
phosphate buffered saline, pH 6.0. Sedimentation equi-
librium was attained at a rotor temperature of 4°C at
several different rotor speeds between 12,000 and
18,000 rpm. Absorbance distributions were recorded at
wavelengths of 230, 250, 280, 300 and 305 nm. These
wavelengths were chosen according to the protein con-
centration to allow the reliable observation of a large
section of the sedimentation profile, i.e. at absorbance
values with optimal signal-to-noise ratios within the
linear range of the optics (below approximately 1.3
OD). The extinction coefficients at a wavelength of
280 nm were calculated from the amino acid compo-
sition using the program Sednterp (Laue et al., 1992),
and the extinction coefficients at all other wavelengths
were determined spectrophotometrically by measuring
the absorbance ratio at different wavelengths.
Alternatively, the absorbance ratios were determined
from scanning the concentration gradients in sedimen-
tation equilibrium at different wavelengths followed by
least-squares calculation of the scaling factor between
the absorbance profiles.

Data analysis was performed according to standard
procedures (reviewed in Rivas et al., 1999). Global
analysis was applied to several data sets obtained at
different loading concentrations, molar ratios of inter-
acting proteins and/or rotor speeds. The absence of
thermodynamic non-idealities was observed in the sedi-
mentation profiles of the individual proteins over the
concentration range used in the binding studies, and
the absence of pressure effects on the affinity constants
of the interaction was assumed. For the analysis of the
interactions of FcRn with Fc, each sedimentation pro-
file was modeled by a superposition of the well-known
equilibrium distributions of thermodynamically ideal
components (Rivas et al., 1999). A detailed description
of the model for the interaction of FcRn with Fc fol-
lows; an analogous treatment was used for the inter-
action of FcRn and IgGl. The species considered are
the free FcRn and the free Fc, with radial absorbance
distributions Ag.rn(r) and Ag(r), respectively, plus
terms for reversible complexes formed by FcRn and
Fc, A1.1(r) and A,.1(r) for the 1:1 complex and the 2:1
complex, respectively:
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Fig. 1. A: Absorbance profiles of FcRn (circles), Fc (squares), and IgG (triangles) in sedimentation equilibrium at rotor speeds of 12,000 rpm
(FcRn and Fc) and 8000 rpm (IgG), respectively. The sedimentation profiles were scanned at a wavelength of 250 nm. Best-fit distributions (solid
lines) are based on the theoretical distribution of a single ideal macromolecular component in sedimentation equilibrium, with buoyant molar
masses of 13,500 Da for FcRn, 14,500 Da for Fc and 40,660 kDa for the IgG. B: Residuals of the fits.

A(r) = AFcRn(’ﬂ) + AFc(’ﬂ) + Al:l(r) + A2:1(r) + 0 (1)
with
Apern(r) = Crern€), Fern €XP[Miig,0(r? — 13)]
Apc(r) = Cpe€;, Fe exp[Ml";Ca(r2 — rﬁ)]
Al:l(r) = CFCCFCRHKS\I:I)(GK, Fc T €, FCRH) eXP[(mc
+ ZM;cRn)O—(r2 - ré)]
Az (r) = CFc(chRn)zK,(/\I:I)K(Az:l)(ék, Fe + 2€), FeRn)
x exp[(MF, + ZM’{;CRH)J(V2 - r%)]. 2)

In these equations, c¢g.rn, and cg. denote the concen-
trations of free Fc and FcRn at a reference radius r,
€,.Fc and €; pern denote their respective extinction coef-
ficient at wavelength A, M™ denotes the buoyant molar
mass M(l —vp), o abbreviates the factor w?/2RT
(with the gas constant R and absolute temperature 7°),
and ¢ denotes a small baseline offset. Since in sedimen-
tation equilibrium analyses of interacting, ideal com-
ponents in the absence of pressure effects the species

described by Eq. (2) are also in chemical equilibrium
and obey the mass action law (Rivas et al., 1999),
Kaq:1y is the macroscopic association constant of the
formation of a 1:1 complex, and K1) is the macro-
scopic association constant for the addition of a sec-
ond FcRn molecule to the 1:1 complex to form the 2:1
complex. The free energy of binding was calculated
according to AG=RT log(Ky,), where K, denotes the
microscopic binding constant (which is equal to the
macroscopic binding constants in the case of non-
equivalent sites, and related to the macroscopic bind-
ing constants by a statistical factor of 2 (or 1, respect-
ively) in the case of two equivalent binding sites per
molecule).

For global fitting with Egs. (1) and (2), the concen-
trations of the free proteins cgcr, and cge, and the
basecline offset 6 were treated as floating parameters
local to each data set, whereas the association con-
stants K.y and Ka:1) were optimized as global par-
ameters. The buoyant molar masses were
predetermined in separate experiments (see below).
Least-squares modeling was performed with the com-
mercial software MLAB (Civilized Software, Bethesda,
MD). The statistical analysis of the precision of the de-
rived parameters was based on the standard method of
projections of the sum-of-squares surface in parameter



1120 P. Schuck et al. | Molecular Immunology 36 (1999) 1117-1125

absorbance

-0.025
-0.050

I[ll_]lll

residuals

-0.025
-0.050

6.85 6.90 6.95 7.00 7.05 7.10 715 7.20

radius (cm)

Fig. 2. Sedimentation equilibrium analysis of FcRn interaction with Fc fragment. A: Experimental absorbance profiles of FcRn-Fc mixtures at
total concentrations of 0.56 uM FcRn and 0.47 pM Fc at 18,000 rpm, scanned at 230 nm (circles), 1.95 uM FcRn and 1.35 uM Fc at 13,000
rpm, scanned at 280 nm (triangles) (for clarity, data are shown with an offset of 0.1 OD), and 5.5 uM FcRn and 2.8 uM Fc at 12,000 rpm,
scanned at 250 nm (squares) (offset by 0.4 OD). Global analysis led to best-fit distributions as indicated by the solid lines, with Ka(.1y for 1:1
complex formation of 6.5 x 10 M~" and an affinity Ka:1y for the addition of a second FcRn molecule (formation of 2:1 complex) of 1.64 x 10°
M~!. The theoretical distributions are shown with the same offset as the fitted data. To illustrate the contribution of the mixed complexes to the
observed absorption profiles at the different loading concentrations, the calculated distribution of the 1:1 complex was indicated by the dotted
line and the 2:1 complex by the dashed line. B: Residuals of the fit from A. C: Residuals of the best-fit to the highest concentration data shown

in A assuming the absence of 2:1 complex formation.

space combined with F-statistics. A detailed descrip-
tion of this method can be found elsewhere (Bevington
and Robinson, 1992; Press et al., 1992; Schuck, 1994).
In short, in this method the parameter for which the
error is to be estimated is constrained to non-optimal
values. For each value, all other parameters are opti-
mized. The sums of squares of these constrained fits
then give the minimal increase in the variance of the fit
that is associated with the non-optimal, constrained
parameter value. The ratio of this constrained variance
to the overall best-fit variance follows F-statistics, and
therefore it can be readily transformed into a prob-
ability for each value of the constrained parameter
(Bevington and Robinson, 1992; Press et al., 1992;
Schuck, 1994).

3. Results

3.1. Behaviour of FcRn, Fc and IgG1 in the centrifugal
field and determination of their buoyant molar masses

We first examined the proteins FcRn, Fc and IgGl
individually in the analytical ultracentrifuge over a
wide concentration range in order to measure their
buoyant molar mass, and to establish the absence of
thermodynamic nonidealities, the purity of the samples
and the absence of reversible self-association. Fig. 1
shows typical individual concentration profiles of
FcRn, Fc and IgGl in sedimentation equilibrium.

The FcRn data are well described by modeling with
an ideal non-interacting component Ag.ry(r) as given
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Fig. 3. Projections of the error surface of the global sedimentation equilibrium analyses for the association constant of the 1:1 FcRn-Fc complex

formation (dash-dotted line), the 2:1 FcRn-Fc complex formation (solid line) and the 2:1 FcRn-IgG complex formation (dashed line) (Bevington
and Robinson, 1992; Press et al., 1992). These curves show the relative increase in the sum of the squared residuals (SOSQ) of the global fit
obtained when constraining the parameter value of K5 to a non-optimal value whilst optimizing all other parameters at each point of the curve.
Their minimum values show the best-fit solution for the binding constants, whilst their shapes visualize the information content of the data on
the binding constants. The horizontal dotted line indicates the level of increase in the SOSQ that corresponds to the probability of one standard
deviation according to F-statistics (n > 1200). Its intersection with the SOSQ curves indicates the uncertainty of the derived optimal parameter
values.

in Eq. (2), with buoyant molar mass M fcr, of 13,500 their ideal sedimentation behavior established, it can
Da (Fig. 1). This value is consistent with the value be predicted that the concentration distributions of the
obtained from interference optical ultracentrifugation 1:1 and 2:1 FcRn:Fc complexes formed reversibly in
studies with enhanced signal-to-noise ratio (Schuck, the ultracentrifuge will follow the expressions A;.((r)
1999). No indications of significant dimerization of and A,.,(r) of Eq. (2). The buoyant molar masses to
FcRn was found in the concentration range studied be expected for the 1:1 and 2:1 complexes are 28,040
(although a weak dimerization with an equilibrium dis- and 41,540 Da for the FcRn:Fc complexes, and 54,160
sociation constant above 100 uM cannot be excluded). Da and 67,660 Da for the FcRn:IgG1 complexes.
At higher FcRn concentrations, a slight tendency of
aggregation was occasionally observed if the sample 3.2. Interaction of FcRn with Fc
was exposed to temperatures above 4°C for a pro-
longed time. However, this effect was poorly reprodu- For the study of the FcRn interaction with Fc, sedi-
cible and could be avoided by using a pre-chilled rotor mentation equilibrium experiments were performed at
and carrying out the centrifugation experiments at different loading concentrations, molar ratios and
4°C. rotor speeds. Complex formation was evident by the
The analysis of the sedimentation profile obtained weight-average buoyant molar mass of the mixture
from Fc alone was also well-described by the theoreti- being larger than that of the individual proteins even
cal concentration distribution of an ideal monomeric at very low protein concentrations. This indicates the
species in the centrifugal field, following the expression presence of a high affinity interaction. For the exper-
Agc(r) of Eq. (2), with a best-fit buoyant molar mass iments at low and medium protein concentrations, the
M¥t. of 14,540 Da (Fig. 1). Similarly, the sedimen- obtained sedimentation profile can be modeled with
tation equilibrium distributions of the IgG1 were well- one high affinity 1:1 interaction alone (i.e. by Eq. (1)
described over a wide concentration range by the ana- without the term A,.(r), data not shown). However,
logous single species model with a buoyant molar mass at higher protein concentrations and higher FcRn to
of 40,660 Da, consistent with the value derived else- Fc ratio, the data could not be modeled if only 1:1
where (Schuck, 1999). complex formation (Fig. 2C) was assumed. This clearly

With the buoyant molar masses of the proteins and indicates the presence of larger FcRn:Fc complexes.
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Fig. 4. Sedimentation equilibrium analysis of FcRn interaction with IgG. A: Experimental absorbance profiles of FcRn-IgG mixtures at total
concentrations of 1.3 uM FcRn and 4.8 pM IgG, scanned at 250 nm (circles) (shown with an offset of 0.1 OD) and 7.2 pM FcRn and 4.0 uM
IgG, scanned at 250 nm (triangles) (offset by 0.5 OD) and scanned at 306 nm (squares). Rotor speed was 8000 rpm. Global best-fit distributions
(solid lines) with K" for 1:1 complex formation of 6.5 x 105 M~ (dotted lines) and a 2:1 complex with an affinity of K§P=2.17 x 10> M~!
for the addition of a second FcRn molecule (dashed lines). B: Residuals of the fit shown in A. C: Residuals of the best-fit to the highest concen-
tration data shown in A assuming the absence of 2:1 complex formation.

Fig. 2 shows representative data of mixtures of
FcRn and Fc in sedimentation equilibrium at different
loading concentrations. The global analysis using the
model with reversible 1:1 and 2:1 FcRn:Fc complexes
according to Eq. (1) led to evenly distributed residuals
in the range of the noise of the data acquisition (Fig.
2A and B). Included in Fig. 2A are the calculated dis-
tributions of the 1:1 complex (dotted line) and the 2:1
complex (dashed line), demonstrating that the low-affi-
nity 2:1 complex is significantly populated only at
higher protein concentrations. A well-known technical
difficulty in measuring the binding constants by ana-
lytical ultracentrifugation is that for reactants of simi-
lar buoyant molar mass, such as M§.r, and M¥E,
only a lower limit of the association constant can be
determined (because the free species cannot be distin-
guished on the basis of their sedimentation profiles). In
the present case, a lower limit of 7.7 x 10° M~ for the
macroscopic association constant could be established.

A statistical analysis reveals that all values of Ka.
above this limit (Kp < 130 nM) provide fits of high
quality that cannot be statistically discriminated (Fig.
3), while values smaller than 7.7 x 10° M™" did not
describe the data well. This demonstrates a high affi-
nity of FcRn for Fc to form a 1:1 complex with an
affinity that is consistent with previous surface plas-
mon resonance experiments (Popov et al., 1996).
Assuming the presence of two equivalent sites on the
Fc for the first FcRn molecule that binds, this corre-
sponds to a free energy of binding of > 8.3 kcal/Mol.
However, if these sites are non-equivalent prior to
FcRn binding i.e. the IgG1 molecule is asymmetric in
the absence of interaction with FcRn, the free energy
of binding is 8.7 kcal/Mol.

For the macroscopic binding constant Ka(.;y for
formation of a 2:1 FcRn:Fc complex, a value of
1.6 x 10° M~" could be obtained (Kp=6.1 uM). The
statistical analysis of the confidence of the derived
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binding constants from the global fit to all experimen-
tal data sets with mixtures of FcRn and Fc is shown
in Fig. 3. The well-defined minimum of the global
sum-of-squares profile obtained when constraining
Ka@:1y to different values while optimizing all other
parameters, shown by the solid line in Fig. 3, indicates
the high information content of the data for the 2:1
complex and the significant contribution of these com-
plexes to the observed sedimentation profiles. This also
led to a small error estimate, as calculated by the inter-
section with the horizontal line in Fig. 3 (which
describes the sum-of-squares cut-off value at a confi-
dence level of one standard deviation (Bevington and
Robinson, 1992; Press et al., 1992)). The estimated free
energy of binding was 7.0 +£ 0.2 kcal/Mol for the ad-
dition of a second FcRn molecule to a preformed 1:1
complex (assuming the presence of two equivalent
orientations of the 1:1 complex). The difference in the
free energy of binding of 1.3 kcal/Mol for the second
FcRn compared with the first FcRn molecule corre-
sponds to a more than 50 fold difference in the macro-
scopic binding constants (or more than a 10 fold
difference in the microscopic constants) and is statisti-
cally highly significant.

3.3. Interaction of FcRn with IgG1

In a similar approach, the interaction of FcRn with
the complete IgG1l molecule was studied by global
sedimentation equilibrium analysis of several data sets
obtained under a variety of conditions (Fig. 4). In the
study of this interaction, the technical difficulty of
ultracentrifugation to distinguish species of close buoy-
ant molar masses in mixtures limits the resolution of
the higher molar mass components. Due to the smaller
relative differences in the buoyant molar masses of the
1:1 and 2:1 complexes of FcRn with IgG1 as compared
with the complexes with Fc (see above), smaller differ-
ences in the quality of fits by models with and without
a 2:1 complex can be expected.

Nevertheless, in the analysis of the experimental
absorbance profiles both the formation of 1:1 com-
plexes as well as complexes larger than 1:1 was appar-
ent. First, we performed experiments of a FcRn-IgG1
mixture at high concentration and 2:1 molar ratio in
order to achieve a high population of the larger com-
plexes. Here, only a relatively poor fit can be obtained
if using a model lacking higher order complexes (Fig.
4C), although the data are not as clear as for the Fc
interaction (Fig. 2C). Second, we analyzed simul-
tanecously the experimental absorbance profiles
obtained in experiments both with lower molar ratios
and at lower protein concentrations. A good fit could
be achieved with the model of Egs. (1) and (2), includ-
ing the term for the 2:1 complex (Fig. 4A and B) with

a bestfit estimate for Kamgy of 2.17 x 10°

M~ (Kp=4.6 uM). The statistical analysis of the infor-
mation content of the data shown in Fig. 3 (dashed
line) describes a relatively steep increase in the variance
of the fit at lower, sub-optimal values of Ka(.1). This
demonstrates the significance of the 2:1 complex in the
global analysis.

Unfortunately, a significant correlation in the deter-
mination of the two binding constants Ka(.;) and
Ka@:1y was observed. If a higher confidence limit
would be applied in the statistical data analysis of Fig.
3, stronger 2:1 complex formation could not be
excluded. The calculated free energy of binding for the
second FcRn molecule was 7.1 (6.8-8.2) kcal/Mol. It
can be concluded that within the error limits of the
centrifugation experiments, the obtained binding con-
stants of FcRn for the interaction with IgGl and Fc
fragment are identical.

4. Discussion

In the current study the affinity of interaction of a
soluble form of mouse FcRn for mouse Fc or IgGl
has been analyzed using sedimentation equilibrium
analyses. For both ligands, the data clearly show the
existence of a high and low affinity interaction site for
FcRn. The nature of the interaction of IgGl and
IgGl-derived Fc with FcRn are the same within the
bounds of experimental error. This is consistent with
both in vitro and in vivo data demonstrating that
mouse Fc fragments and IgG molecules are function-
ally equivalent (Kim et al., 1994a; Popov et al., 1996).
The data fit a model in which a high affinity 1:1
FcRn:Fc/IgG complex is first formed, and sub-
sequently a second FcRn molecule binds with lower
affinity. Whether this asymmetric interaction is general
for other IgG isotypes/species requires further investi-
gation since in the current study only the interaction
of mouse IgG1 (or Fc) with insect cell expressed FcRn
has been analyzed.

The observations for the mouse FcRn:IgG/Fc inter-
action provide an explanation for the apparent discre-
pancies that were reported for the stoichiometry of
this interaction (Popov et al., 1996) and in vivo analy-
sis of a recombinant Fc-hybrid fragment suggesting
that two FcRn interaction sites per IgG/Fc were
needed for FcRn-mediated activity (Kim et al., 1994b).
Under the conditions of the in vitro stoichiometry ex-
periments (Popov et al., 1996) only the high affinity
site for FcRn binding on IgG/Fc would be occupied.
A determination of whether the differing classes of
binding sites are due to flexibility of the IgG or Fc
molecule that results in distortion of the second site
following occupation of the first high affinity site, or
to steric blockade of the second site (or a combination
of both) requires further experimentation. In this con-



1124 P. Schuck et al. | Molecular Immunology 36 (1999) 1117-1125

text, recent modeling studies have indicated that the
CH2 domain of Fc reorientates following FcRn bind-
ing, which would in turn interfere with optimal bind-
ing of FcRn to the second interaction site (Weng et
al., 1998). This model would argue for the induction
of the two classes of distinct FcRn interaction sites fol-
lowing the initial interaction of FcRn with one site on
IgG/Fc. Consistent with this, the IgG molecule is
known to be flexible at the CH2-CH3 domain inter-
face and displays segmental motion in solution
(Nezlin, 1990; Zheng et al., 1992). The data for the in-
teraction of IgG or Fc with FcRn are reminiscent of
those reported for the IgE(Fc):FcRel receptor inter-
action, where 1:1 complexes were observed despite the
presence of two possible interaction sites (Keown et
al., 1995; Robertson, 1993). Fluorescence resonance
energy transfer measurements support the existence of
a bent configuration of mouse IgE in solution, with
IgE being less flexible than human IgG1 (Zheng et al.,
1992). In addition, the IgE:FcRel interaction rep-
resents a situation where the asymmetry is so extreme
that the second site is not occupied during sedimen-
tation equilibrium centrifugation (Keown et al., 1995).

In contrast to our earlier in vitro stoichiometry stu-
dies indicating a 1:1 interaction for mouse FcRn with
mouse IgG1/Fc (Popov et al., 1996), in other gel fil-
tration and calorimetry experiments a 2:1 stoichi-
ometry for rat FcRn:Fc complexes was reported
(Huber et al., 1993). In addition, in the latter study the
calorimetry data supported an interaction model of a
‘single class of non-interacting binding site(s)’ (Huber
et al., 1993). This suggests that there may be species
differences or, as suggested earlier (Popov et al., 1996)
differences due to the expression systems used for the
production of recombinant FcRn. In this respect, the
insect cell expressed mouse FcRn in the current study
has high mannose type carbohydrate, whereas rat
FcRn expressed in CHO cells has complex N-linked
glycosylation (Vaughn and Bjorkman, 1998).
Precedence in another system for the existence of func-
tional differences that are dependent on the expression
host comes from the analysis of activity in binding to
Clq and FcyRI of chimeric human-mouse IgGs with
altered (CH2-domain associated) carbohydrate struc-
ture (Tsuchiya et al., 1989; Wright and Morrison,
1994). Furthermore, the 1gG associated carbohydrate
does not play a direct role in contacting Clq or
FcyR1, indicating that longer range effects of carbo-
hydrate are possible. Therefore, similar long range
effects may play a role in the interaction of different
glycoforms of FcRn with cognate ligands.

The apparent asymmetry of the mouse FcRn inter-
action sites on IgG or Fc, with macroscopic affinities
differing by about 50 fold, raises the question as to
how relevant this is to the physiological situation
where FcRn is membrane bound. It is plausible that

the occupancy of the lower affinity site may be high in
vivo due to dimerization of FcRn mediated through
interactions in its transmembrane and cytoplasmic tail.
This dimer formation might occur following initial
binding of FcRn to the high affinity site on IgG. It is
tempting to speculate that such ligand-induced dimeri-
zation could play a role in the trafficking of FcRn, for
which the molecular details are currently unknown. In
support of this, evidence for the existence of FcRn
dimers in vivo has been obtained using electron ir-
radiation (Simister and Rees, 1985). In addition, the
existence of a different type of FcRn dimer, in which
association occurs predominantly through «3 domain
and f2-microglobulin residues (i.e. an FcRn-FcRn
dimer), is supported by surface plasmon resonance
analyses (Raghavan et al., 1995b; Vaughn and
Bjorkman, 1997) and structural studies (Burmeister et
al,, 1994) using rat FcRn. FcRn associated carbo-
hydrate has been shown to play a role in this second
mode of dimerization (Vaughn and Bjorkman, 1998),
and this dimer has been reported to have a higher affi-
nity for IgG binding than monomeric FcRn
(Raghavan et al., 1995b; Vaughn and Bjorkman,
1997). The two types of FcRn dimers have been
suggested to form networks of ‘oligomeric ribbons’
(reviewed in Raghavan and Bjorkman, 1996), but
direct evidence for the existence of these oligomers in
vivo has for obvious technical reasons not been
obtained. In the current study evidence for the exist-
ence of FcRn dimers which have high affinity for Fc
or IgG was not found, but this may again be due to
differences in the expression hosts and/or IgG/FcRn
species used. In this respect, it has been reported that
CHO cell expressed, mouse FcRn forms 2:1 FcRn:Fc
complexes, which have been suggested to be due to the
formation of FcRn dimer:Fc complexes in which
FcRn:FcRn dimerization is stabilized by a ‘carbo-
hydrate handshake’ between sugars on the o3 domains
(Vaughn and Bjorkman, 1998).

The current study further extends our knowledge
concerning the mouse FcRn:IgG/Fc interaction using
insect cell expressed FcRn and native, myeloma
expressed IgG1 or IgGl-derived Fc. Quantitative data
for the affinities of the two classes of binding site in an
asymmetric FcRn:IgG:FcRn (or FcRn:Fc:FcRn) inter-
action have been obtained. This study has relevance to
gaining a better understanding of the relationship
between in vitro binding studies and how FcRn traf-
ficks in vivo, in addition to suggesting further exper-
iments to investigate the functional asymmetry of the
IgG molecule.
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