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High affinity IgG binding by Fc yRI (CD64) is modulated by two
distinct IgSF domains and the transmembrane domain of the
receptor

Patrick T.Harrison ! and Janet M.Allen? binding region comprised of three IgSF V-like domains. The
o ) ) i outer two domains (EC1 and EC2) ofyiRd show considerable
Division of Biochemistry and Molecular Biology and Department of homology to the respective domains ofyR¢!, but the third
Medicine and Therapeutics, The University of Glasgow, . . !
Glasgow G12 8QQ, UK domain (EC3) appears unique. It has been postulated that the
third IgSF may confer upon KRI the ability to bind mono-

Ipresent address: Department of Veterinary Pathology, Royal (Dick) School ; . at<a :
for Veterinary Studies, Summerhall, University of Edinburgh, Edinburgh, meric IgG (Allen and Seed, 1989; Se L, 1990). Previous

EH9 1QH, UK studies have shown that EC3 is indeed necessary, but not
, sufficient, for high affinity 1IgG binding (Huletet al., 1991,
To whom correspondence should be addressed Porgeset al, 1992). A more detailed understanding of how

The high affinity 1gG receptor, FcyRI, is comprised of three  IgG binds FgRI is particularly relevant in light of several
immunoglobulin superfamily (IgSF) domains (EC1, EC2 recent reports showing that IgG binding to the receptor can
and EC3), a single transmembrane spanning region, and elicit a biological response (Harris@at al., 1994a; Pfefferkorn

a short cytoplasmic tail. We have shown a role for three et al, 1995); previous dogma was thatyRemediated events
separate domains of FgRI in the high affinity binding of required receptor cross-linking and that binding of 1gG to the
IgG. Affinity measurements of chimeric FgRs in which  receptors was functionally passive.

EC1 and EC2 of FgRI have been replaced with the In this study we have constructed threeyiRt chimeric
homologous EC1 and/or EC2 domains of the low affinity receptors in which EC1 and EC2 of yfRI have been replaced
IgG receptor, FcyRIl indicate that both EC2 and EC3 are  with EC1 and/or EC2 of R&II; the homologous domains of
essential for high affinity binding of monomeric IgG.  the two receptors. These chimeras have been used to investigate
Identification of EC3 from FcyRI as the binding site for  the influence that each domain has on the capacity of the
the monoclonal antibody 10.1, which blocks IgG binding, receptor to bind monomeric human IgG. Only thgREbased
provides further evidence for the role of this domain in  chimera which retains EC2 and EC3 ofyRt (Il gc1.lecoleca)
binding. In addition, we have found that the affinity of binds monomeric 1gG with high affinity. In contrast, theyR¢-
FcyRI is increased threefold when co-expressed with its based chimera which has both EC1 and EC2 fromRHc
accessory moleculey-chain. Affinity measurements of fur-  (Ilgc1.llgc2lecd can only bind IgG with low affinity. We have
ther chimeras indicates that the transmembrane domain also investigated the influence of expressiory-chain on the

of FcyRI has a negative influence upon the affinity of the affinity of FcyRI for higG. The measured affinity of iRl for
receptor. To account for these observations, we propose ligand increased nearly threefold when co-expressed with the
that receptor dimerization is required for maximal affinity y-chain; the measured affinity of {el co-expressed witly-

of FcyRI. Dimerization may serve as the mechanism by chain corresponds with the affinity of ¥l for IgG observed
which 1gG binding triggers several FeyRI-mediated events.  in endogenously expressing cells. Affinity measurements of
Keywords CD64/Fg/RI/y-chain/lgG/receptor chimeras additional FgRI-chimeras in which the transmembrane domain
of FcyRI has been removed or replaced with TM domains
of other receptors suggests a novel mechanism by which

Introduction this occurs.

Receptors for the Fc domain of IgG (fR) play a pivotal role .

in linking the humoral and the cellular arms of the immuneMaterials and methods

system. Both low affinity (FgRIl) and high affinity (FgRI) Cells and cell culture

IgG receptors mediate a variety of biological responsescng. 7 cells were maintained in Dulbecco’s modified Eagle’s
including endocytosis, phagocytosis, antibody-directed cellulaf, o qium (Gibco BRL) supplemented with 10% calf serum,

cytotoxicity and cytokine release (for reviews see Ravetch ang v glutamine, 100 1U/ml penicillin and 108g/ml strepto-

Kinet, 1991; van de Winkel and Capel, 1993; Ravetch, 1997, ., . ; :
Daon, 1997). The low affinity IgG receptor. fRll, is mycin. COS cells were plated at a density of approximately

4x10° cell 1 I f fection.
a type | integral membrane protein whose ligand binding 0" cells per 100 mm plate one day before transfection

extracellular region is comprised of two IgSF V-like domains Transient expression

(for review see Raghavan and Bjorkman, 1997). Analysis ofThe SV40-based expression vector CDM (Seed and Aruffo,
the interaction between IgG and yRil has shown that the 1987) was used for the transient expression of the cDNAs of
membrane proximal IgSF domain (EC2) is the principal siteall clones in COS-7 cells using the DEAE-dextran method
of interaction with 1gG (Hogarthet al, 1992; Hulett and (Allen and Seed, 1989). The cDNAs for yRI (p135; Allen
Hogarth, 1994; Huletet al, 1994 and 1995). Moreover, a and Seed, 1989), FRIla"R (PC23, Stengeliet al., 1988) and
clinically relevant polymorphism that affects the binding of CD2 (Seed and Aruffo, 1987) were in CDM. The cDNA for
specific 1gG isotypes is the result of a single amino acidthe y-chain of FeRI (Klsteret al., 1990) was in the vector
change in this domain (Parrest al, 1992). In contrast, the pSVL. All experiments were performed two or three days post
high affinity IgG receptor, R@RI, has an extracellular ligand transfection, when surface expression is maximal. Transfection
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Fig. 1. Cartoon representation of #Rl, FoyRII, the Fo/RI-based chimeras andchain. EC represents the extracellular domain, TM represents the

transmembrane domain, and CYT represents the cytoplasmic domain.

efficiency was routinely of the order of 20—-30% as assesseBACS analysis

by immunofluorescence and FACS analysis (Figure 2).
Chimeric receptor construction

The FgRI chimeras FgRI-y and FgRI-GPI have been
described elsewhere (Harrisehal., 1994b; Hutchinsoet al.,

The monoclonal antibody 10.1 (Doughery al., 1987) was

a gift from Nancy Hogg (ICRF, London). All other antibodies
were purchased from Sigma. Binding of mAb, 10.1, (10 nM)
and human IgG (f1M) was assessed by FACS analysis using

1995). FgRI-CD2 was constructed by PCR amplification of @ Becton Dickinson FACScan. Briefly, 48 h post-transfection,

the transmembrane and cytoplasmic domains of CD2. T
forward primer for the amplification of CD2 (b
GAAAGGTCTAGATCTCTATCTC-3) contained &dglll site.
The reverse primer (8SGCTAACTAGAGAACCCACTG-3)

h&O0S cells were harvested in phosphate-buffered saline/1 mM
EDTA and incubated with human IgG (M) or mAb (10 nM)
for 30 min at 4°C. Binding of primary antibody was determined
by using FITC-labelled goat anti-mouse IgG1l or goat anti-

hybridises to the CDM vector. The PCR fragment, whichhuman IgG antibodies.
contains an internaWot site was then subcloned between the petermination of binding affinity

BanHI and Notl sites of FgRI-GPI (Harrisonet al,, 1994b)
to create a clone (RRI-CD2) comprising the extracellular
domain of FgRI fused to the transmembrane and cytoplasm
domains of CD2.

Domain swap chimeric receptor construction

Human IgG1 (Serotec) was labelled with & (Amersham

. International) as described (Fraker and Speck, 1978). Forty-

ICeight hours post-transfection, COS cells were harvested as
above and incubated with tracer amounts®f-human IgG1

(20 pM) in the presence of increasing concentrations of

All FcyRI:FeyRIl domain swap chimeras were constructed inunlabelled human IgG1 (range<d0-1° to 5x10° M) for 20

the vector pBluescript Il SK and then subcloned into CDM

min in PBS/5% non-fat milk/0.2% sodium azide. Bound and

for expression. The domain boundaries were defined by th&ee fractions were separated by centrifugation through a 3:2

position of the exon boundaries in the gene sequencey®IFc

mixture of dibutyl:dioctyl phthalates. Data were corrected for

(van de Winkel et al, 1991). To construct the chimera non-specific binding by subtraction of counts bound per minute

gcrllgcalecs a Sad site was introduced into both iRl
(using the oligonucleotide’ AGAGCTCTTTCCAGC-3) and
FoyRIl  (using the oligonucleotide 'SACTGTCAAA-
GAGCTCAGCATG-3) by site-directed mutagenesis (#kel,
1985). The 647 bindlll-Sad fragment that contained EC1
and EC2 of FgRIl was subcloned into thelindlll/Sad sites
in FcyRI. To construct the chimergdq.llgcolecs a Pst site
was introduced into RRII (which already contained the new
Sad site) using the oligonucleotide '"B2TGGTGCTGCA-
GACC-3 by site-directed mutagenesis. The 243Rgi—Sad
fragment that contained EC2 of yRIl was subcloned into
the Pst/Sad sites in FgRI (Pst site already existsSad site

in the presence of a large excess of lg&X (D> M) and were
normalized to 1.0 for the counts bound in the presence of
tracer alone (absence of any displacing cold human IgG1).
The 1G, was calculated, being the concentration of human
IgG1 that displaces the radiolabelled tracer by 50%, for
all the data points (four separate experiments performed in
duplicate) for each assay condition. The mean value and
standard deviation are shown in the tables.

Results
Design, construction and cell surface expression of domain

introduced by site-directed mutagenesis as above). To construg¥#/ap chimeras

the chimera lcilgcalecs ECL of FgRIl was amplified by
PCR wusing a forward primer (5FTCCTTCACAAA-

The three domain swap chimeras in which EC1 and EC2 of
FcyRI were replaced with EC1 and/or EC2 ofyRdl (Figure 1)

GATCCTCT-3) that hybridises to the CDM vector and a were designed using the exon boundaries (van de Wetlal,

reverse primer (5GGGGTATGCATCACCAGCC-3 that
hybridises to FgRIl and introduces aiNsil site. The amplified
product, which contains an internidindlll site was subcloned
into theHindlIIl/ Pst sites in FgRI -MANX (Davis et al., 1995).
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1991) as a guide to define the domain boundaries. Only one
chimera, Eci.llgcalecs required an amino acid substitution to
facilitate cloning; leucine 91 in EC1 of §RIl was changed

to another large hydrophobic amino acid, methionine. Surface
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Fig. 2. FACS analysis of COS cells expressingyRe and chimeras incubated with polyclonal IgG and FITC-labellatHGA) FeyRI; (B) FeyRll;
(C) Necalecalecs (D) Necrlecalecs (E) lecillecalecs (F) mock transfected.

expression of the clones was assessed by their ability to bind V o Feml
human polyclonal IgG by FACS analysis (Figure 2). All three 1.04 T
chimeras could bind IgG and were expressed at similar levels
to wild type FoRI and FgRII, with approximately 20-30%

O llgcpleco e

. 0.8
of cells expressing KiRs.
EC2 is required of FgRI is required for high affinity binding o
of human IgG1 3 %81
As shown above, all three domain swap chimeras can bind §
IgG, at least when present at high concentrations. We have ‘g 0.4
w

determined the affinity of the various chimeric yRs for
human monomeric IgG in a quantitative fashion using a
displacement assay. The outer two IgSF domains of human 0.2
and mouse R&RI show considerable amino acid identity with

the respective domains of the two low affinity 1gG receptors, ; |
FoyRIl and FoRIIl. Together with the fact that both these 0.0 - . : * )

receptors only have two IgSF domains and bind 1gG at low A 1 10 100 1000 10000
affinity, it has been suggested that the third domain of_fFc Conc (nM)

confers to the receptor its feature of high affinity (Allen and

Seed, 1989; Seaet al., 1990). To test whether the third domain Fig. 3. Typical binding curves from displacement assay offfs binding
! ’ N i IgG. ICs5q values were calculated from binding curves. The chimera

was solely responsible for the high affinity characteristics, the;__ |- i, binds IgG with high affinity (IG, 2.8< 10 M) compared
affinity of the chimera Rcy.llgcolecs [Which comprises the  with FoyRI (ICso = 1.8x1078 M). Results shown are mean of four
two extracellular domains of hiRIl fused to the innermost experiments performed in duplicate.
domain (EC3) of hFgRI] was measured to assess whether it
was possible to convert an ¥R with low affinity for mono-  bind human polyclonal 1gG at high concentrations when
meric 1gG to an FgR with high affinity by providing the third measured by FACS (Figure 2). Again, the affinity was too low
domain. Although this clone can bind polyclonal human IgGto measure in the displacement assay (data not shown),
at high concentration when measured by FACS analysis (Figunadicating that ci.llgcalgcs is also a low affinity receptor.
2), the affinity of this clone for monomeric IgG was too low The other chimera constructed wagdilgcolecs in which
to measure in the displacement assay. This suggests thBC1 of FgRI is replaced by EC1 of RRIl. This chimera
features within the outer two domains of yRi, that are binds IgG by FACS analysis (Figure 2). More importantly, it
not shared with the RRIl, contribute to the high affinity has a very similar displacement profile to that foryRt
characteristics of the receptor. expressed in COS cells (Figure 3). The calculateg, lOr

To investigate the role of the outer two domains ofc  llgcy.lecalecs was 2.8<108 M, compared with an 1§, of
in the high affinity binding of 19G, we have constructed two 1.8X10® M for FcyRI (Table I). Thus, the second domain of
additional chimeras. The first chimeragl.llgco.leca has EC2  FeyRI (EC2) appears essential in mediating the high affinity
of FcyRI replaced with EC2 of R@RIl. This clone will also  characteristics.

227



P.T.Harrison andJ.M.Allen

A B C

751 751 75

60 60 - 60 -

454 45 4 45 -

30+ 30 30 4

15 15 15

010" 10’ 10° 10° 010“ 10’ 10° 10° 010“ o 10° 10°
D E F

75 1 75 75

60 60 1 60 1

45 45 4 45

301 30 30 1

154 15 4 154

010U ’ 10" " 10° | ";'03 01o° T 1"0‘ " 1‘02 mTTo’ o1o° 1'0‘ 1'02 1'03

Fig. 4. FACS analysis of COS cells expressingyRs and chimeras incubated with mAb 10.1 and FITC-labelledIG(A) FcyRI; (B) FoyRll;
(C) Necalecalecs (D) Necrlecalecs (E) lecillecalecs (F) mock transfected.

_ an increased affinity for IgG (1§ = 0.7X1078 M; Figure 5A).
Table 1. ICgp values of human BRI, FoRI-based chimeras and yii We also measured the affinity of murineyRt expressed in
co-expressed witl-chain as measured by displacement assay. Data was

- 8 M- Ei .
calculated from four to eight experiments and is expressed as the average CQS cells fpr human IgG (I§s = 5.4xX10° M; Figure 5B);
ICso = standard deviation. Data from previous reports is shown for this was slightly lower than that of hiil. However, the

comparison purposes only. affinity was similarly increased in cells where murineyRt
was co-expressed witirchain (IG, = 1.9x108 M; Figure

ggge e>|<|pressed in Ligand (X108 M Folldti'ncrttaase | 5B). In both cases, for human (Table 1) and murine/fc
cells relative to : . . .. .

AR (Table 111), the fold increase in affinity observed in cells co-
FoyRI higG1 1.8+ 0.25 - expressing/-chain was very similar.

a _— . .

::&T”EczlEcz E:ggi f’g _ The TM domain of FRI has a negative effect on the
lecnllecalecs higG1 _ _ affinity of ligand binding
lecrlecalecs higG1 2.8+ 04 0.65 The mechanism by whicly-chain increases the affinity of

FoyRI is unclear, but it does not bind ligand directly (data not
shown). However, since §RI andy-chain associate via their
respective TM domains (Davist al., 1995; Harrisoret al.,
Mapping the IgSF domain recognized by the 10.1 mono- ~ 1999), @ conformational change may be induced upon this
clonal antibody: an important role for EC3 in the high interaction to famhtatg the ext.ra_tgellular domain recognition of
affinity binding of monomeric IgG ligand. To explore this possibility further, we measured the
ffinity of a chimeric receptor (FRI-y) in which the TM and
ytoplasmic domains of fRI were replaced by the equivalent
omains ofy-chain (Hutchinsoret al., 1995). This chimera
howed an increased affinity for IgG @E€= 0.8X10% M),
relative to FgRI (Figure 6A); this is a similar increase to that

three chimeras but, as expected, noyfEE (Figure 4). Since seen for FgRI co-expressed witly-chain. This suggests that

. i : placement of the K& TM domain with that ofy-chain
the only IgSF domain shared between these chimeras is EC ay induce a similar conformational change as wheyRFc

this data indicates that 10.1 binds to an epitope in this domain . iases wity-chain. To determine if this effect waschain
Iggrs,tc;t Iﬁgog\iﬁ dtirrllat llth?f’ Ofl FéRl constitutes part of, or is specific, a second §RI chimera (FgRI-CD2) was constructed

' ) 95 € or.g o o in which the TM and cytoplasmic domains of Rl were
Role of they-chain in Fo/RI ligand binding affinity replaced by the equivalent domains of the adhesion molecule
To explore the possible role of thechain in modulating the CD2. The increase in affinity displayed by the chimergHie
binding of IgG to FgRI, the affinity of IgG binding was CD2 (ICs, = 0.7xX108 M; Figure 6B) compared with Rl
measured in COS cells expressing/RE in the presence and was similar to that observed for ¥Rl co-expressed witly-
absence of co-transfectegichain, using the displacement chain and the chimera RI-y (Table II).
assay. The Igy for FcyRI expressed alone in COS cells was The affinity of a GPIl-anchored version of yRI (FcyRI-
1.8x10°8 M, whereas FgRI co-expressed witly-chain shows GPI; Harrisonet al, 1994b) was also measured using the
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@Data from Allen and Seed (1989).

Previous studies have shown that mAb 10.1 is able to bloc
binding of human IgG3 and murine lgG2a toyRt, suggesting d
that it binds to an epitope of §RI at or near to the binding s
site for the Fc region of IgG (Doughertgt al, 1987). By
FACS analysis, mAb 10.1 was shown to bindyRt and all
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Fig. 5. Typical binding curves from displacement assay off& binding
IgG. ICgg values were calculated from binding curve&) Co-expression of
human FgRI with humany-chain increases the affinity of the receptor 2.6-
fold (FoyRI + y-chain = 0.7X10°8 M). (B) Co-expression of murine §RlI
with humany-chain increases the affinity of the receptor 2.8-fold (pi#H¢
ICs = 5.4x10°8 M; mFoyRI + y-chain, IGy = 1.9x10°8 M). Results
shown are mean of four experiments performed in duplicate.

Table II. 1Cgq values of human RRI-based chimeras as measured by

Functional dissection of high affinity binding of FcyRI

Table Ill. ICsq values of murine FgRI in the presence and absenceyof
chain as measured by displacement assay. Data was calculated from six
independent experiments and is expressed as the averggest@ndard
deviation. Data from previous reports is shown for comparison purposes
only.

Clone expressed in Ligand 6(X10°% M Fold increase
COS cells relative to R&I
mFo/RI higG1 54+ 0.6 -

mFoyRI + y-chain higG1 1.9+ 0.5 2.8

mFoRI mlgG2a 2.6° -

mFo/RI (P388D cells) mlgG2a 0.8¢ 2.5

aNote: K, values from previous work has been expressel{ g give a
meaningful comparison to Kg values.

bData from Searst al. (1990).

‘Data from Unkeless and Eisen (1975).

displacement assay (Figure 6C). This receptor binds IgG and
also shows a similar increase in affinity for IgG £C=
0.7x1078 M) to that observed for RRI co-expressed witly-
chain (Table II). Together, these observations indicate that the
TM domain of FgRI also contributes to the affinity of the
receptor for ligand, but in a ‘negative’ manner, and that this
negative influence can be offset by co-expression of-tteain.

Discussion

Analysis of the molecular basis of the interaction between Fc
receptor and immunoglobulins has already revealed much
about the biological and physiological functions of this family
of cell surface receptors. However, the interactions between
FoyRI and its ligand are still largely unexplored, and could
lead to a better understanding of how the binding of monomeric
IgG1 to the receptor leads to its dissociation from actin
binding protein (Ohtaet al,, 1991), triggers receptor mediated
endocytosis (Harrisoret al, 1994a) and primes cells for
superoxide release (Pfefferkoen al., 1995).

It was originally predicted that the high affinity binding of
FcyRIl was attributable to the presence of EC3 (Allen and
Seed, 1989; Seat al., 1990). Indeed, removal of EC3 from
murine FgRI reduces its affinity (Huletet al, 1991) and a
naturally occurring splice variant of humanyRt that lacks
EC3 has been found to bind IgG with low affinity (Errettal.,
1992; Porgeset al, 1992). However, further studies have
shown that the situation is more complex. Huketial (1991)
have shown that EC3 alone cannot confer upon a low affinity
mouse Fc receptor the ability to bind IgG with high affinity.
We have found that this is also the case for human Fc receptors.
In fact, it turns out that both EC2 and EC3 of humaryfc
are required for high affinity IgG binding. Studies ofyRil

displacement assay. Data was calculated from six to eight experiments and(Hulett et al., 1994), FgRIIl (Tamm et al,, 1996) and FeRI

is expressed as the averaggd€standard deviation.

Clone expressed in Ligand (X108 M Fold increase
COS cells relative to R&RI
FoyRI higG1 1.8+ 0.25 -

FcyRI-GPI higG1 0.7+ 0.05 2.6

FoyRI-y higG1 0.8+ 0.1 2.3

FcyRI-CD2 higG1 0.7+ 0.14 2.6

FoyRI + y-chain hlgG1 0.7+ 0.05 2.6

FoyRI (U937 cells) higG1 0.4- 0.5% 45

aNote: K, values from previous work has been expressel g® give a
meaningful comparison to Kg values. Values range from 0.1 to 1.0
(Anderson and Abraham, 1980; Friesal., 1982; Kurlander and Batker,
1982).

(Hulett et al,, 1994) have all implicated EC2 as the major
contact domain of each receptor with its cognate immuno-
globulin (for review see Raghavan and Bjorkman, 1997). Since
EC2 of FgRI has significant sequence similarity with EC2
from these other Fc receptors (see Table V), it seems likely
that EC2 of FgRI also plays a direct role in ligand binding.
In support of this we have identified two single amino acid
substitutions which significantly reduce 1gG binding in this
domain (unpublished data), one of which lies in a highly
conserved region of the FCRs (Argto Glyiggin FcyRI). This
region has previously been speculated to play a role in IgG
binding by FgRI (Searset al, 1990; Symons and Clarkson,
1992) and overlaps with the major 1gG binding site o¥/Rid

229



P.T.Harrison andJ.M.Allen

A

1.04

0.8

0.6+

Fraction Bound

0.44

0.2

0.0

A 1 10 100 1000 10000
Conc (nM)

®  FoRI
O FoRI-CD2

0.8+

0.6+

0.4

Fraction Bound

0.2

0.0 . . : : |
A 1 10 100 1000 10000

Conc (nM)

C ) ® FoRI

1.0

O FcyRI-GPI

0.8+

0.6

0.4

Fraction Bound

0.2

0.0 : & 5

Orrm

A 1 10 100 1000 10000
Conc (nM)

Fig. 6. Typical binding curves from displacement assay off binding
IgG. ICgg values were calculated from binding curves from six to eight
experiments.4) The chimera FgRI-y binds IgG with higher an affinity
2.3-fold higher (1Gg 0.8x10°8 M) than Fog/RI. (B) The chimera FgRI-CD2
binds 1gG with higher an affinity 2.6-fold higher (§50.7x10°8 M) than
FoyRI. (C) The chimera FgRI-GPI binds IgG with higher an affinity 2.6-
fold higher (IGsp 0.8xX10°8 M) than FgRI. Results shown are mean of four
experiments performed in duplicate.
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Table IV. Table of amino acid identity (shown in bold) and similarity
between EC2 domains of #l, FoyRIl, FcyRIIl and F&RI. Values are
calculated from the sequence alignment of Raghavan and Bjorkman (1997).

FoRI FoyRII FeyRIIl FceRl
FoRl - 65.9% (54/82) 63.4% (52/82) 65.9% (54/82)
FoRIl  41.5% (34/82) — 61.0% (50/82) 53.7% (44/82)
FoRIIl  40.2% (33/82) 46.3% (38/82) - 58.5% (48/82)

FceRI 42.7% (35/82) 34.1% (28/82) 42.7% (82/82) -

and a second IgE binding site of éRI (Hulett et al., 1994).
Since EC2 of FgRI almost certainly binds ligand directly,
what then is the role for EC3? We have shown that 10.1, a
monoclonal antibody previously shown to bind at or near the
binding site for IgG (Doughertet al., 1987), recognizes this
third domain. However, this does not tell us whether EC3
binds ligand directly and/or plays a modulatory role in 1gG
binding (see below).

We have also shown that co-expression of either human or
mouse FgRI with their accessory moleculg,chain, increases
the affinity of both receptors for human IgG1 by approximately
threefold. Interestingly, the higher affinity of ¥l when co-
expressed withy-chain in COS cells (relative to KRl
expressed alone in COS cells) is remarkably similar to the
affinity of FcyRI when endogenously expressed in macrophages
and monocytes where thechain is constitutively expressed
and physically associates with yRI (Ernstet al, 1993). A
similar enhancement in binding affinity for murine 1gG2a has
been shown to be conferred on both human and mougelFc
by co-expression of thg-chain in COS cells (Milleret al.,
1996). Recruitment of thg-chain by FgRI is necessary for
the activation of tyrosine kinases such as syk following receptor
aggregation to initiate intracellular signalling cascades (for
review see Damn, 1997). A corollary of the observation that
an association withy-chain is necessary for maximal ¥
affinity for ligand means that receptor molecules that are ‘pre-
coupled’ to the accessory, effector molecule will bind IgG
more readily than the free receptor, thus facilitating the
induction of signal transduction pathways involved in macro-
phage activation. The finding thachain can modulate the
affinity of FcyRI for ligand contrasts with the situation observed
for FceRI, which also useg-chain as a signalling molecule
(for review see Sutton and Gould, 1993), where it has been
shown that only thea-chain is necessary for high affinity
binding (Hakimet al,, 1990). However, since ERI requires
co-expression of-chain for surface expression (whereagfic
does not), these experiments were performed using a chimeric
version of FeRI in which its TM and cytoplasmic domains
were replaced by the corresponding domains of the IL-2R (an
unrelated type | membrane protein). Since this chimeric
receptor had the same affinity aseR¢ co-expressed witly-
chain, it was proposed thagtchain did not have an effect on
binding (Hakimet al, 1990). However, in the light of our
observation that R&I chimeras in which the TM domain is
replaced have higher affinity than the wild type receptor, this
interpretation needs to be treated with caution.

FcyRI interacts withy-chain via its TM domain (Indilet al.,
1994; Daviset al, 1995; Harrisonet al., 1995; Harrison,
1996). In an attempt to understand the mechanism by which
the association betwegrchain and FgRI leads to an increased
affinity for 1gG, we measured the affinity of several additional
FcyRI-chimeras. Surprisingly, when the TM domain (and
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cytoplasmic tail) of FgRI were replaced by the TM domain domains of FgRI in the high affinity binding of 1IgG. EC2
(and cytoplasmic tail) of-chain, a similar increase in affinity and EC3 are both required for high affinity binding of
for IgG, relative to wild type FgRI, was observed. This effect monomeric IgG. EC2 is likely to have a direct interaction with
was not specific t-chain, as an almost identical increase inlgG, whereas EC3, which is the site of binding of the mAb
affinity was seen when the TM domain (and cytoplasmic tail)10.1, appears to play a role in receptor dimerization. Maximal
of FoyRI was replaced by the TM domain (and cytoplasmicaffinity of the receptor is only achieved when it interacts with
tail) of CD2. Taken together, these observations stronglthe y-chain. Careful interpretation of these findings leads us
suggest that the TM domain of ¥l has a negative effect on to the conclusion that two molecules of yRi can bind a
the affinity of the receptor. What is the basis of the negativesingle 1IgG molecule, thereby explaining how binding of 1gG
effect of the TM domain? One clue comes from the observatiortriggers at least two KRRl-mediated responses.

that a GPl-anchored version of Rl also increases the affinity
for IgG by a factor of three. This is of particular interest, since

the GPIl-anchored version of {#RIIl has a lower affinity than hank _ 4 for th ; g R
ts counterpart thatis co-expressed wjtbhain (van de Winkel ot /et 2580 8 R SRR 135 T semnepierre
and .Capel, 1993; Milleet al, 199.6).- Since a GPI-anchored inet for the cDNA of the FeRI gamma chain, Professor Nancy Hogg for
version of FgRI has the same affinity as {l co-expressed the generous gift of the mAb 10.1. Thanks also to Dr Michael Young (Dept
with y-chain, but the GPI-anchored version ofyR¢ll has a of Pharmacology, University of Cambridge) for valuable discussion on the
significantly lower affinity than AR co-expressed With/— preparation and interpretation of receptor binding studies. We would also like
hain. this i lies that th . | feat that to acknowledge the excellent technical assistance of Terri McShane and
c a:n_’ ';]_'mg_;fes a ere IS a novel reature Of/HHC a Veronica Yu. This work was supported by grants from the Cunningham Trust
explains this dirrerence. and the Wellcome Trust.

We propose the following model to account for the latter
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