













































































































































































































































































































































































Chapter 5 High Affinity IgE Receptor a and y Subunit Interactions

3.3.3: Flow Cytometric Analysis of Transfected RBL Y-chain

Deficient cells for FceRIa receptor subunits expression

The RBL y-chain deficient cell line transfected with the rFceRy and mutant rFceRy
cDNA constructs were assessed for clonal stability and highest FceRlIq expressing
ceHs by employing the flowcytometry technique (Section 2.6). Cells were labelled in
series with a combination of mIgE and FITC labelled anti-mouse IgE antibody. Data
from the FACS analysis of the transfected cell lines is shown in figure 5.8. Figure
5.8A shows the unlabelled control. The data demonstrate the expression of FceRla,
receptor subunit on the cell surface of parental RBL y-chain deficient cells (figure
5.8C) at a level lower as compared to RBL-2H3 cell line (figure 5.8B). The RBL Y-
chain deficient cells transfected with wild-type rFceRy cDNA construct (RBL-y+)
shows a reversion to expression of the FceRla receptor subunit to the same level
(Figure 5.8E) as the parental RBL-2H3 cell line. The y-chain deficient cells
transfected with mutant rFceRy cDNA construct (T22A and T22S) also shows a
reversion to expression of the FceRla receptor subunit to the same level (figure 5.8F
and G) as the parental RBL-2H3 cell line. FACS analysis of the sham transfection

carried out showed the same level of FceRla receptor subunit expression (figure

5.8D) as the parental y-chain deficient cells.

3.3.4: B-hexosaminidase Release Assays

The parental RBL-2H3, RBL y-chain deficient cells and RBL y-chain deficient cells
transfected with the wild-type and mutant rFceRy ¢cDNA constructs were monitored
for B-hexosaminidase release by sensitising them with mIgE specific DNP-HSA
followed by antigenic challenge (Wilson et al., 1993, Aketani et al., 2001, Dearman et
al,, 2005). The parental RBL y-chain deficient cells and sham transfected cells
demonstrated release in response to mIgE specific DNP-HSA which is much lower as
compared to parental RBL-2H3 (figure 5.9). The transfected cell lines (RBL-y+,
T22A and T22S) in response to mIgE specific DNP-HSA released at a higher level as

compared to the parental RBL y-chain deficient cells (figure 5.9) but still much lower

than the parental RBL-2H3 cells.
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5.3.5: Intracellular Calcium Mobilisation

Intracellular Ca®* mobilization in parental RBL-2H3, RBL y-chain deficient cells and
RBL y-chain deficient cells transfected with the wild-type and mutant rFceRy cDNA
constructs cell lines brought about by antigenic stimulus (DNP-HSA) was assessed
using the Ca®* indicator Fluo-3AM (Section 2.8) (Wilson et al., 1993, Aketani et al.,
2001, Dearman et al., 2005). IgE sensitized cells loaded with Fluo-3AM were
analysed using a FACSort flow cytometer preset for Fluo-3AM studies. Data were
recorded in the form of a density plot of mean fluorescence against time. After an
initial background reading of 30-50 seconds, cells were activated with the appropriate
cross-linking agent (DNP 100ng/ml) and in the event of no calcium mobilization
being witnessed the samples were challenged with a calcium ionophore (ionomycin)
to ensure that the cells had been loaded with Fluo-3AM.

The RBL-2H3 cells sensitized with mIgE exhibited an increase in mean fluorescence
peaking at 26 seconds after being activated by mIgE-specific DNP-HSA (figure
5.10A). In case of RBL y-chain deficient cells and RBL y-chain deficient transfected
cells no calcium mobilization could be observed on being sensitized with mIgE and
activated by mIgE-specific DNP-HSA (figures 5.10B, C, D, E and F). The RBL Y-
chain deficient cells and RBL y-chain deficient transfected cell lines on failure to
elicit calcium mobilization with mlIgE-specific DNP-HSA were activated by
ionomycin and exhibited an immediate increase in mean fluorescence which was
maintained until a slow decrease occurred relating to a depletion of intracellular Ca®*
(figures 5.10B, C, D, E and F). The RBL y-chain deficient cells and RBL y-chain
deficient transfected cell lines support B-hexosaminidase release by challenging them
with mIgE specific DNP-HSA but with the release being much lower as compared to
parental RBL-2H3 cell line (Section 5.2.1.6). The methodology of assessing the
intracellular calcium mobilization using the Ca®" indicator Fluo-3AM (Section 2.8) in
the RBL y-chain deficient cells and RBL y-chain deficient transfected cell lines after
sensitising with mIgE and activating by mIgE-specific DNP-HSA indicated that these

cell lines were incapable of supporting any intracellular calcium mobilisation,
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Figure 5.8: Assessment of cell surface expression of mouse FeeRIa receptors in

RBL-2H3, RBL _y-chain deficient cell line, RBL _y-chain _deficient cell line

ransfected with wild type (RBL-y+) and mutant rFeeRy constructs (T22A and

T228) and sham transfection by flowcytometry

RBL-2H3 (5.8B), RBL y-chain deficient cells (5.8C), RBL y-chain deficient cells
transfected with the rFceRy construct (RBL-y+) (5.8E), RBL y-chain deficient cell
line transfected with mutant rFceRy constructs (T22A and T22S) (5.8F and G

respectively), and sham transfection (5.8D) were harvested labelled in series with a

combination of mouse IgE and anti-mouse FITC labelled IgE and assessed for mouse

FeeRla receptor expression,
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Figure 5.9: Release of B-hexosaminidase in RBL-2H3, RBL y-chain deficient cell

line, RBL y-chain deficient cell line transfected with wild type (RBL-y+) and

mutant rFcgRy construct (T22A and T22S) and sham transfection in response to

an IgE mediated antigenic stimulus

Cells were cultured, harvested, re-suspended at 0.5x10°ml in appropriate media with

DNP-specific mIgE (SPE, 1/500) and plated into 96 well plates for 16h. Next day,

cells were washed and activated with DNP-HSA cross-linking agent (0.1-

10000ng/m1) for 20 minutes prior to incubation with B-hexosaminidase substrate for 2
hours. B-hexosaminidase release was assessed as described in section 2.4. Data are

presented as mean * S.D. from three separate experiments performed in triplicate,
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‘Figure 5.10: Assesment of intracellular calcium level in RBL-2H3, RBL y-chain
deficient cell line, RBL y-chain deficient cell line transfected with wild type
(RBL-y+) and mutant rFceRy constructs (T22A and T22S) and sham

transfection following activation in the absence of extracellular calcium.
RBL-2H3 (5.10A), RBL y-chain deficient cell line (5.10B), RBL y-chain deficient cell

linel transfected with the rFceRy construct (RBL-y+) (5.10D), RBL y-chain deficient
cell line transfected with mutant rFceRy constructs (T22A and T22S) (5.10E and F
respectively), and sham transfection (5.10C) were sensitised with DNP-specific migE
(SPE-7, 1/500) for 16 hours. IgE sensitised cells were washed in BSS and harvested
with CDS. Cells were loaded with Fluo 3-AM (5uM) for 30 min at room temperature
in the dark. Samples were washed and re-suspended at 2x10° /ml in DPBS (without
CaCl; or MgCly). After an initial background reading the cells were activated with
DNP-HSA at a concentration of 100ng/ml. Following excitation at 488nm emitted
fluorescence was recorded at 525nm using a FACSort flow cytometer (BD

biosciences). The cells were then activated with ionomycin (10puM, Figure5.10B, C,

D, E and F). Results are representative of three separate experiments.
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5.3.6 Conclusions
RBL y-chain deficient cell line exhibits a lower level of FceRla expression and

degranulation in response to antigenic stimulus as compared to RBL cell line.
Transfection of RBL Y-chain deficient cells with the wild-type and mutant rFceRy
constructs lead to restoration of FceRIa expression in the transfected cell lines (RBL-
Y+, T22A and T22S) to same levels as RBL cell line but the degranulation in
Tesponse to antigenic stimulus although comparatively higher than the parental RBL
Y-chain deficient cell line was still significantly lower than RBL cells indicating a
defective secretory response. The level of expression and degranulation in the
transfected cell lines did not show much variation between the wild-type (RBL-y+)
and mutant cell lines (T22A and T22S) indicating the necessity of carrying out further

site-directed mutation studies (Section 6.4.1).
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CHAPTER 6
DISCUSSION

6.1: Introduction

The aim of the study was to understand the interaction between the subunits of high affinity
immunoglobulin E receptor (FceRI) and its ability to mediate transmembrane signalling.
Immunoglobulin E is key player in producing the allergic phenomena (Ishizaka and Ishizaka,
1967, Yazdanbakhsh et al., 2001, Maizels and Yazdanbakhsh, 2003) that is responsible for
causing multiple debilitating allergic diseases which are being labelled as the epidemic of the 21
century (Isolauri et al., 2004). FceRI is composed of ligand binding a-chain (Hakimi et al., 1990,
Blank et al., 1991, Ra et al., 1993), signal-amplifying B-chain (Scharenberg and Kinet, 1997,
Kinet, 1999) and signal-transducing y subunits (Kinet, 1999). A model for the interaction was
first described by Faber and Sears but rejected by our group on the basis of data obtained
(Section 1.11) (Iodice, 2006) and the aim of the present study was to design experiments capable

of assessing predictions made by the new molecular model structure.

Firstly: Site-directed mutations (Chapter3 and 4) were carried out in the D194 residue within the
TM domain of the huFceRla subunit which were then transfected into Rat Basophilic Cells
(RBL-2H3.1) to produce rat/human chimeric receptors and assess the effect of the mutations on

subsequent receptor expression and signalling.

Secondly: Transfection into the RBL cell line (Chapter 5) of chimeric constructs created using
the extracellular (EC) domain of the human high affinity IgE receptor alpha subunit (huFceRla)
spliced onto the rodent gamma TM and cytoplasmic domain (CD) to achieve the surface

expression of the huFceRIa and activate them independent of the endogenous rodent FceRla.

Thirdly : Assessment of a model system for studying the effects of mutations carried out in y
subunits by using a gamma chain deficient RBL cell line (Bocek et al., 1995) and transfecting it

with wild type (rFceRy) and mutant gamma constructs ( T22A and T22S).
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6.2: Detection of huFceRI Expression and Mediator Release in Transfected

RBL.2H3.1 Cells

The RBL-2H3.1 cells were transfected with the mutant huFceRla ¢cDNA constructs (D194T,
D1941, D194V, D194S and D194R) (Section3.7.1) and assessed for the cell surface expression of
the huFceRlIa subunit and the response to the antigenic stimulus employing measurements of
mediator release, intracellular Ca®* mobilisation, and phosphorylation of the y-subunit and Syk
kinase as functional read-outs for signal propagation via the activator receptor complex. The
results obtained showed that the mutation of the polar aspartic acid, at position 194 of the
transmembrane domain of the huFceRla, to a slightly smaller polar threonine residue and
subsequent transfection into parental RBL-2H3.1 cell line (D194T) resulted in a functional
rat/human chimeric receptor, the huFceRla in association with the endogenous rodent FcR-pB and
FCR-y subunits, which was not only able to express the human receptor as shown by flow
Cytometric results (Section 4.2.1) but also degranulate in response to antigenic stimulus

(hulgE/NIP-HSA) as exhibited by [-hexosaminidase assay (Section 4.2.2) and intracellular

calcium mobilsation studies (Section 4.2.3).

In contrast the mutations to isoleucine (D194I), valine (D194V), serine (D194S) and arginine
(D194R) and transfection into RBL-2H3.1 cells failed to create the assembly of a functional
chimeric receptor complex as seen by flow cytometric studies (Section 4.2.1), B-hexosaminidase
assays (Section 4.2.2) and intracellular calcium mobilsation studies (Section 4.2.3). This data
harmonizes with the previous study by our group suggesting the importance of a polar residue at

the 194 position (Iodice, 2006).

Previous studies by our group showed that mutations to asparagine (D194N) and leucine
(D194L) lead to surface expression of the huFceRlIa subunit but it was only D194N which had a
functionally viable receptor which was able to respond to antigenic stimulus, thus pointing to the
importance of a polar residue at the 194 position as it is expected that the polar Asp serves to
Stabilise the receptor complex by forming side-chain/side-chain inter-helical hydrogen bonding
with the other subunits (Iodice, 2006). It had already been shown that mutations to alanine

(D194A), glutarrﬁc acid (D194E) and lysine (D194K) carried out previously failed to induce
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huFceRlIa expression in transfected cells. According to the model proposed (Section 1.9) the
side-chain of residue 194 is placed in a closely packed central position at the interface between
the transmembrane helices where there will be severe restraints as to which side chain can be
accommodated. This is consistent with the results which demonstrates that the residue at 194 be
a polar residue of medium size (Asp, Asn, Thr) computed of making two separate hydrogen
bonds with the Thr22 residue in the two FcR-y subunits. The mutation to almost similar sized
non-polar Ile (D194I) failed to exhibit surface expression as it is essentially different in polarity
despite occupying similar space as Asp. The polar Thr mutation (D194T) is able to maintain
receptor expression and function while the almost similar sized non-polar valine (D194V) is
disfavoured as it is incapable of hydrogen bonding. It is evident that only slightly larger polar
residues Glu (D194E) and polar Lys (D194K) and much larger sized polar Arg (D194R) were
also not found to be suitable replacement although like Asp, Asn and Thr, the residues Glu, Lys,
and Arg should also be capable of making the predicted hydrogen bonds thus reflecting the
critical nature of the packing restraints at this position. Similarly the smaller sized residues non-
polar Ala (D194A) and polar Ser (D194S) also failed to act as a suitable substitution at the 194
Position as no surface expression was witnessed in the D194A and D194S transfected cells. It is
possible that in all the above-mentioned mutations the correct assembly of the three
transmembrane helices is compromised and thus correct assembly at the cell surface does not
take place. In studies on COS-7 cells by Varin-Blank and Metzger (1990) a polar to non-polar
mutation (D195A, homologous residue to D194) TM mutation in the rat FceRla subunit resulted
in markedhreduction in cell surface expression. Similarly in another study by Gosse et al. (2005)
a chimeria consisting of the EC domain of huFceRla, TCR{ TM having a D15A mutation and

CT domain exhibited a reduction in cell surface expression.

These data point to the importance of the D194 residue in receptor expression and downstream
signalling as previously many studies have highlighted the importance of TM conserved residues
of the immune receptors (TCR, BCR, IgA receptor, FceRI) on receptor subunit assembly,
€xpression and function (Varin-Blank and Metzger, 1990, Audoly and Breyer, 1997, Cain et al.,
2001, Kunjibettu et al., 2001, Gosse et al., 2005).
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6.3: Transfection of RBL Gamma Chain Deficient Cell with Wild-
Type and Mutant rFceRy Constructs

A mutant of the RBL-2H3 cell line with FceRI deficient in the y subunit, which is essential for
the expression FceRI, was employed in the study (Draberova and Draber, 1995) with the aim of
assessing the FceRla and y -chain interaction in transmembrane signalling. The RBL y-chain
deficient cells were stably transfected with the wild-type and mutant rFceRy cDNA constructs
using electroporation technique (Section 5.3.2). The RBL y-chain deficient cells and RBL y-
chain deficient cells transfected with the wild-type and mutant rFceRy cDNA constructs were
assessed for the cell surface expression of the FceRla subunit, the response to the IgE-mediated
antigenic stimulus (DNP-HSA) by measuring the release of mediators during degranulation and
intracellular Ca®* mobilisation.

Initial assessment of parental RBL y-chain deficient cell line for FceRla expression by flow
Cytometry exhibited presence of FceRla subunit at a level much lower than the parental RBL-
2H3 cell line, but not a complete deficiency (Section 5.3.3), and in response to antigenic stimulus
degranulation was observed as seen by B-hexosaminidase release assay but at a level lower than
in parental RBL-2H3 cells (Section 5.3.4). The RBL y-chain deficient cells transfected with the
wild-type (rFceRy) construct (RBL-y+) expressed the FceRla at a level similar to RBL-2H3 cell
line as shown by flow cytometric studies and in response to antigenic stimulus degranulation
could be demonstrated as seen by B-hexosaminidase release assay but at a level lower than in the
parental RBL-2H3 cells. The results are similar to data obtained in a previous study carried out
by Bocek et al (1995).

After successfully demonstrating that by transfecting RBL y-chain deficient cells with rFceRy
construct reversion of full FceRla can be obtained, the RBL y-chain deficient cells were
transfected with mutant rFceRy ¢cDNA constructs in which the threonine residue at position 22 in
the TM region of the rodent gamma subunit was replaced with polar serine (T22S) and non-polar
alanine (T22A). RBL y-chain deficient cells transfected with mutant rFceRy cDNA constructs

expressed the FceRla at a level similar to RBL-2H3 cell line as shown by flow cytometric

Studies (Section 5.3.3) and in response to antigenic stimulus (-hexosaminidase release was
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obtained although at a level significantly lower than RBL-2H3 cells but higher than the parental
RBL y-chain deficient cells (Section 5.3.4). The molecular basis for the lower level B-
hexosaminidase release in the transfected cell lines (RBL-y+, T22A and T22S) as compared to
the parental RBL-2H3 observed in the present study awaits further investigation but might be
attributable to an incomplete assembly of the receptor complex resulting in inefficient signal
propagation, a phenomenon commonly observed in RBL cells variants (Cohen-Dayag et al.,
1992). A sham transfection carried out did not support any increase in the FceRla expression
(Section 5.3.3) in the parental RBL y-chain deficient or increase in degranulation in response to
antigenic stimulus (Section 5.3.4). The level of FceRla expression restoration is similar in all the
three transfections (RBL-y+, T22A and T22S) carried out and the B-hexosaminidase release was
also of same level with no difference apparent between the wild-type and mutant rFceRy cDNA

constructs.

The technique of Ca®* imaging (Section 2.8) for assessing intracellular calcium mobilisation in
Iesponse to antigenic stimulus did not prove sensitive enough in case of RBL y-chain deficient
cells and RBL y-chain deficient cells transfected with the wild-type and mutant rFceRy ¢cDNA
constructs to detect any intracellular calcium mobilization, although it is known that the FceRI-

mediated pathway culminating in exocytosis requires Ca mobilization.

6.4: Future Work

The currenf study has provided assessment of a model system (RBL v- chain deficient cell line)
for studying the affect of mutagenesis in the gamma subunit along the same line as was carried
out in the a-chain. Since the y-chain deficient cell line still supported some FceRlIa expression, a
meaningful interpretation of the changes in the interactions between a and y-chain interactions in

the FceRI at the molecular level requires further experimental analysis.

6.4.1: Mutational Analysis of FcR- y Subunit

Mutations were carried out in the Thr22 position of the gamma construct which were
Subsequently transfected into the RBL y-chain deficient cell line. The result obtained revealed no
significant effect of the mutations (T22A and T22S) on the surface expression and degranulation
levels as compared to the transfected wild-type cell line (RBL-y+). There is need to carry out
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further mutations in the Thr22 (T22V) and other residues in the y construct. A possible residue
which can be targeted is the K29 (rat FceRI-y) as this has been suggested by Farber and Sears
(1991) to be involved in interaction with the D203 residue of the rat FcyRIlla (Section 1.9). The
K29 residue is homologous to the K30 residue of huFcR-y and D203 corresponds to D194 in
huFceRIa.

6.4.2 Alternative Model System

On the basis of data obtained in the current study the use of RBL y-chain deficient cell line as
potential model system has been found to be associated with certain limitations including the
continued expression of FceRl, even before transfection of the gamma constructs, and the
defective secretory response to antigenic stimulus in the parental RBL y-chain deficient and the
transfected RBL y-chain deficient cells. An alternative cell line which may be used is the COS-7.
This cell line has been used for transfecting mutant FceRI subunits in previous studies (Varin-
Blank and Metzger, 1990, Kuster et al.,, 1990, Mao et al.,, 1993). If COS-7 cell line is co-
transfected with the gamma and huFceRIa constructs, used in the present study, together with co-
transfection of gene constructs encoding the FceRIB subunits it may provide an alternative means
of assessing the effects of mutations in the a and y subunits although the use of this line only
allows the assessment of cell surface expression as they do not support mediator release (Varin-

Blank and Metzger, 1990, Kuster et al., 1990, Mao et al., 1993).

6.5: Conclusions

The present study provided further support for the importance of residue D194 in the
transmembrane region on surface expression and downstream signaling of FceRI. Various
Mutations carried out at the D194 position showed that a polar residue of medium size (D194T)
Was required for cell surface expression of FceRI and successful downstream signalling leading
to degranulation in response to antigenic stimulus. RBL-2H3 transfected with mutant huFceRla
subunit cDNA constructs showed that mutations to almost similar sized non-polar Ile (D194I)
and V (D194V), larger sized polar Arg (D194R), and smaller sized polar Ser (D194S) and non-
Polar Ala (D194A) lead to loss of surface expression of huFceRla subunit and abrogation of
downstream signalling as evidenced by loss of degranulation in response to an IgE-mediated

antigenic stimulus. These data point towards D194 residue as being a potential target for

———
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developing future anti-allergy therapeutic strategies by inhibiting FceRI-mediated signalling
along the same lines as T- cell receptor signalling inhibition and “molecular wedge” anti-cancer
drugs (Section 1.9). Further research needs to be carried out with the aim of developing TM-
derived peptides sequence targeting D194 residue.

The current study also investigated the validity of RBL y-chain deficient cell line (mutant of
RBL-2H3 cell line) as a potential model system for assessing the effect of mutation in the y-
chain to gain an improved understanding of a- and y-chains interactions. A variant RBL-line
proclaimed to be y-chain deficient exhibited lower levels of FceRI expression and degranulation
than the parental RBL-2H3 cells. Transfections of these cells with wild-type and mutant y-chain
cDNA constructs lead to restoration of FceRI expression to a similar level as seen in RBL-2H3
cell line. Measurement of degranulation in response to antigenic stimulus in the transfected RBL
Y-chain deficient cells (RBL-y+, T22A and T22S) also showed an increased level as compared to
the parental cells (RBL y-chain deficient) but was still at a much lower level than RBL-2H3 cell
line pointing to defective receptor assembly and downstream signal signaling resulting in a
reduced secretory response commonly observed in variant RBL cells (Cohen-Dayag et al., 1992,

Bocek et al., 1995).
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Abstract

The high-affinity receptor complex for IgE plays a pivotal role in allergic responses
since cross-linking of the high affinity IgE receptor (FceRI) on target cells initiates a
signaling cascade facilitating release of inflaimmatory mediators causing allergic
responses. The transmembrane regions of the ligand binding domain of the high-
affinity IgE and low-affinity IgG receptors share an invariant motif (LFAVDTGL)
containing a polar aspartate within a predominantly non-polar setting. The functional
importance of this aspartate residue (D194) in FceRI-mediated receptor signaling was
assessed by site-directed mutagenesis. Rat basophilic leukemia cells (RBL-2H3)
transfected with the human IgE binding subunit (FceRla), incorporating either
asparagine (D194N) or threonine (D194T) polar substitutions, a functional rat/human
chimeric receptor complex similar to wild type (D194) was formed. When activated
via hulgE and antigen, mediator release, intracellular calcium mobilisation and
tyrosine phosphorylation of y-chain and Syk kinase was obtained while a non-polar
substitution (D194L) supported cell surface expression but failed to initiate
downstream signaling.

No cell surface expression of mutant huFceRla gene constructs was observed when
" D194 was replaced with the non-polar Ile (D194I) residue of similar size, the larger
positively charged Arg (D194R) or lysine (D194K) residues, the negatively charged
glutamate (D194E) or the smaller polar Ser (D194S) non-polar Ala (D194A) and V
(D194V). These observations highlight importance of both the size and charge of

amino acid residue at position 194 in determining IgE receptor subunit interactions,

cell surface localization, distribution and signaling.
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Introduction

The high-affinity IgE receptor (FceRlI) is expressed as a tetrameric complex (afyz) on
mast cells and basophils and consists of an extracellular FceRIa subunit that engages
its ligand, a membrane spanning FcR-B subunit that acts to amplify signal
transduction and a disulphide-linked FcR-y subunit homodimer that relays the
activation signal intracellularly (Metzger, 1992). The FcR-y subunit is promiscuous
and functions in homo- or hetero-dimeric forms in association with FceRI, FcyRIII,
FeyRI, FcaRI and TCR (Kinet, 1999). Following cross-linking or aggregation of the
receptor via an antigenic stimulus, FcR-f and FcR-y subunits become tyrosine
phosphorylated within conserved immunoreceptor tyrosine-based activation motifs
(ITAMs). Subsequent recruitment and activation of Syk kinase results in the initiation
of numerous intracellular signaling pathways that culminate in the release of various

preformed and de novo synthesized cellular mediators (Nadler et al., 2000).

Several studies have demonstrated the importance of amino acid chemistry within
transmembrane (TM) regions in the assembly, function and stability of numerous cell
surface receptors. In earlier studies, COS-7 cells transfected with mutant subunits of
. the high-affinity IgE receptor showed that even minor changes within the TM regions
could invoke major effects on receptor function and loss of cell surface expression
(Varin-Blank and Metzger, 1990). More recently, chimeric receptors consisting of the
extracellular human FceRla (huFceRla), varying TM regions (wild-type and mutant
TCR—C; the IL-2 receptor a-chain Tac, transferrin and the phosphatases PTP-a and
CD45) and TCR-{ cytoplasmic domains expressed in the RBL-2H3 cell line,
demonstrated disparate effects on cell surface expression or subsequent signaling
events depending on the source of the TM, thus substantiating an essential role for
TM segments in FcR signaling (Gosse et al., 2005). The TCR consists of two
extracellularly oriented heterodimeric glycoproteins (TCR-a and TCR-B) that are
non-covalently linked to the CD3 complex (CD3-y, -6, -€ and -£) (Samelson, 2002).
Previous investigations have established the importance of conserved charged TM
residues within the TCR as crucial for receptor assembly, cell surface expression and
functional competence (Call et al., 2002). Similarly, a D to N substitution in the
second TM domain of the C5a receptor abolished signaling while ligand binding was

preserved (Monk et al., 1994). Furthermore, site-directed mutagenesis to investigate
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the role of a conserved R in the TM domain of FcaRI demonstrated the requirement
of a positively charged residue in mediating a functional association with the FcR-y

subunit and consequent signal transduction (Morton et al., 1995).

The identification of an invariant eight amino acid motif (LFAVDTGL) containing a
polar aspartate residue within the TM domains of FceRIa and FcyRIIla from rat, mice
and humans (Farber and Sears, 1991; Ravetch and Kinet, 1991) suggested a functional
role in receptor mediated signalling. Subsequently, a model was proposed depicting
possible TM domain helix-helix interactions between charged residues in rat FcyRIIIa
and FcR-y, mediated in part by the negatively charged D and a corresponding
positively charged K in the FcR-y, to allow optimal counterbalancing of electrostatic
interactions. Furthermore, due to the conserved nature of the invariant TM motif, the

authors proposed that their model was also applicable to FceRIa and FcR-y TM

domain helix-helix interactions (Farber and Sears, 1991).

The aim of the present study was to examine the role of the D194 residue within the
' TM domain of the huFceRla subunit on cell surface expression and FceRI-mediated

signaling. In the current study, the parental rat basophilic leukemia (RBL-2H3.1) cell
line (Bingham et al., 1994), referred to hereafter as RBL-2H3, was chosen as host for
gene constructs encoding wild-type and mutant huFceRla subunits. Previous studies
have shown that in RBL-2H3 cells the transfected huFceRlo subunit forms a
functio.hal chimeric rat/human receptor complex with endogenous FcR-B and FcR-y
subunits, which can be specifically activated via a human IgE (hulgE) mediated cross-

linking stimulus to mediate cell secretion (Gilfillan et al., 1992; Wilson et al., 1993).

Our study demonstrates that cells transfected with wild-type (D194) and mutated
variants (D194N, D194T and D194L) of the huFceRlo subunit are expressed at the
cell surface in association with endogenous FcR-B and FcR-y subunits. Cell
transfection with other mutant huFceRla variants was attempted, but constructs
encoding D194A, D194E, D194V, D194S, D1941, D194R and D194K failed to
support cell surface expression. D194, D194T and D194N transfected cell lines
demonstrated FceRI aggregation, tyrosine phosphorylation of FcR-y and Syk kinase,

intracellular Ca?* mobilization and mediator release in response to antigen-mediated
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activation, analogous to that observed with the RBL-2H3 cell line. In contrast, RBL-
2H3 cells transfected with the mutant D194L gene construct supported cell surface
expression but showed no evidence of FceRI-mediated signaling in response to the
same antigenic stimulus. Based on these observations, we propose that interaction

between D194 in FceRla and T22 in FcR-y TM domains is essential for expression of
functional FceRL

Materials and Methods
Reagents and immunoglobulins - Cell culture reagents were purchased from Sigma-

Aldrich (Dorset, UK) and fetal calf serum from Autogen Bioclear (Wilts, UK). All
enzymes used for DNA manipulation and ‘Complete Protease Inhibitor Cocktail’
tablets were purchased from Roche Applied Science (Sussex, UK). DNA purification
kits were purchased from Promega (Madison, USA) and Qiagen (Crawley, UK). DNA
primers for PCR were synthesized in-house by Dr. A.J.G Moir in the Krebs Institute,
University of Sheffield and VH Bio (Gateshead, UK). Dinitrophenol-human serum
albumin (DNP-HSA) was obtained from Sigma-Aldrich and 4-hydroxy-3-iodo-5-
nitrophenylacetyl-human serum albumin (NIP-HSA) was prepared from NIP-OSu
" (Sigma-Genosys). NIP-specific human IgE (or hulgE, JW8, a chimeric mouse/human
IgE with specificity for the hapten NIP) tissue culture supernatant was obtained in
house by culturing transfected myeloma cells, as was DNP-specific mIgE (or mIgE,
SPE-7 supernatant). Human IgE and biotinylated goat anti-human IgE for FACS was
purchased from Serotec (Kidlington, Oxford, UK) and Vector Laboratories Ltd.
(Peterborough, UK), respectively. Anti-phosphotyrosine, clone 4G10 and anti-FcR-y
subunit antibodies were purchased from Upstate Biotechnology (Lake Placid, USA).
Monoclonal and polyclonal antibodies to Syk kinase were purchased from Abcam
Ltd. (Cambridge, UK) and Santa Cruz Biotechnology (Santa Cruz, CA), respectively.
Goat anti-mouse and anti-human IgE were both purchased as FITC conjugates from
Bethyl Laboratories (Montgomery, USA). All other reagents and antibodies were
obtained from Sigma-Aldrich, unless stated otherwise. ’

Expression vector construction and cell transfection - cDNA for huFceRla, (a kind
gift from Drs U. Blank and J-P. Kinet) was used as a template for PCR to generate
both the wild:type construct and constructs containing the targeted mutations of
D194N, D194L, D194T, D194V, D194R, D194S, D194A, D194E, D194K and
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D1941. Site directed mutagenesis by Overlap Extension PCR (Ho et al., 1989) or
Quickchange Site- Directed Mutagenesis Kit (Stratagene, USA) was used to generate
constructs. The following primers were generated:

5’ external 5’- ATCAAGCTTATGGCTCCTGCCATG-3’ [1]; 3° external 5’-
ATGCTTGAATTCTCAGTTGTTTTTGGGGTT-3* [2]; Mutagenic  primers;
D194LS’ 5’-GCTGTGCTCACAGAA-3’ [3]; D194L3’ 5’-TTGTGTGAGCACAGC-
3°’[4]; DI194N5* 5-GCTGTGAACACAGGATTA-3’[S] ; DI94N3* 5’-
TAATCCTGTGTTCACAGC-3'[6]; D194T5" 5’- GGTGATTCTGTTTGCTGTG
ACCACAGGCCTATTTATCTCAACTCAGCAG-3[7]; D194T3> 5'- CTGCTG
AGTTGAGATAAATAGGCCTGTGGTCACAGCAAACAGAATCACC-3'[8];
D194V5" §5'- GGTGATTCTGTTTGCTGTGGTCACAGGCCTATTTATCTCAACT
CAGCAG-3[9]; D194V3’ 5°- CTGCTGAGTTGAGATAAATAGGCCTGTGAC
CACAGCAAACAGAATCACC-3" [10]; D19415" 5'- GGTGATTCTGTTTGCT
GTGATTACAGGCCTATTTATCTCAACTCAGCAG-3[11]; D19413" §* - CTG
CTGAGTTGAGATAAATAGGCCTGTAATCACAGCAAACAGAATCACC-3’
[12]. D194S5" 5'- GGTGATTCTGTTTGCTGTGTCCACAGGATTATTTATCTCA
ACTCAGCAG-3713]; D194S3" 5° - CTGCTGAGTTGAGATAAATAATCCTGT
GGACACAGCAAACAGAATCACC -37T14]; DI194RS’ 5°- GGTGATTCTGTIT
GCTGTGCGTACAGGATTATTTATCTCAACTCAGCAG-3°[15]; DI194R3" 5’ -
CTGCTGAGTTGAGATAAATAATCCTGTACGCACAGCAAACAGAATCACC-
3[16]; D194AS5" 5'- GCTGTGGCCACAGGATTA - 3" [17]; DI194A3" 5'-
TAATCCTGTGGCCACAGC - 37 [18]; D194ES° 5°- GCTGTGGAAACAGGATTA
- 3" [19]; D194E3’ 5°- TAATCCTGTTTCCACAGC - 3° [20]; D194K5" 5'-
GCTGTGAAAACAGGATTA -3°[21]; D194K3’ 5°- TAATCCTGTTTTCACAGC -

37[22);

The restriction sites Hind 11l and EcoRI were incorporated into primers to facilitate
cloning into the pEE6 expression vector (Celltech, Slough, UK). An additional silent
mutation in the form of Stu I was also incorporated in primers [7-12] to aid in
assessing the presence of mutation with the help of restriction digestion with Stu I and
resolution on TAE agarose gel. Reaction mix for PCR was as follows: 5ul 10X
reaction buffer (supplied with enzyme), 50ng template, 1ul dNTPs, primers 125ng
each, ddH,O0 to a final volume of 50ul to which 1ul of PfuUltra HF DNA polymerase
was added. The PCR cycling conditions were as follows: 95°C/30 s, 95°C/30 s,
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55°C/60 s and 68°C for 60sec/kb of plasmid length, 12-18 cycles, according to
manufacturer’s instructions. The PCR products were resolved on 1% TAE gels at 100
mA/h, and the resulting bands purified using Wizard® PCR kits according to the
manufacturer’s instructions (Promega). The initial round of PCR was used to generate
a template for the second round (Ho et al, 1989), which was again purified as
described, and digested with the restriction endonucleases Hind III and EcoRI to
facilitate cloning, initially into pUC18 and subsequently into the expression vector
pEES6. Ligation was carried out at each step using T4 DNA ligase according to the
manufacturer’s instructions. Resulting DNA clones were sequenced for authenticity at
each step using Cogenics (Takeley,UK) and results were then analysed using ALIGN,
CHROMA and CLONE computer programmes to compare the sequence with
genomic huFceRIa subunit and check mutations were ‘in-frame’. The primers used
for the sequencing were M13-48REV and M13For-40 to read the DNA from both
ends. Transfection quality DNA was prepared using a commercial kit purchased from
Qiagen. RBL-2H3 cells (107 cells/0.8ml) were transfected by electroporation (Bio-
Rad, Hercules, CA) using 20pug of DNA in a cuvette at 250V, 960 pFD according to
the manufacturer’s instructions. 24 h post-transfection, selection media was added
(800ug/ml Geneticin, G-418 sulphate, Invitrogen, Carlsbad, USA) for 5 days, after
which a concentration of 400pg/ml Geneticin was maintained. Cells expressing high

levels of the transfected receptor gene were sorted using flow cytometry.

Flow Cytometry - Cells transfected with gene constructs encoding D194, D194N,
D194T, D194V, DI194R, D194S, D194l and D194L huFceRla subunits were
monitored and selected for highest receptor number expressing cells by flow
cytometry. Briefly, cells (1x10°%-107/ml) were washed in PBS, harvested with a non-
enzymatic cell dissociation solution (Sigma-Aldrich) and resuspended in wash buffer
(PBS containing 1% fetal calf serum). Cells were incubated with hulgE (1-10ug,
proportional to cell numbers) and biotinylated goat anti-human IgE (1/400 dilution)
followed by a final incubation with streptavidin R-phycoerythrin (1/25 dilution).
Samples were analysed using a FACsAria/ Facscalibur (BD Biosciences) or FASort/
FACS™ CYAN ADP flowcytometer (Dakocytomation). Following FACS sorting
cells were grown and expanded for several generations and taken into suspension with

cell dissociation medium prior to analysis.
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Cell culture and activation - RBL-2H3 cell lines were maintained in culture as
described previously (Bingham et al., 1994). D194, D194N, D194T, D194V, D194R,
D194S, D194I and D194L transfected cell lines were maintained in the same media
supplemented with Geneticin (400 pg/ml). For receptor activation, RBL-2H3 and
huFceRlIa transfected cell lines were sensitized for 16 h with either DNP-specific
mIgE (1 ug/ml) or NIP-specific hulgE (1 ug/ml), respectively. Cells were harvested in
cell dissociation solution and resuspended at 5x10%ml in a buffered solution (120mM
NaCl, SmM KCl, 25mM PIPES, 0.04mM MgCl,, ImM CaCl,, final pH 7.4). Cells
were activated with the appropriate cross-linking agent (DNP or NIP coupled to HSA)
at a final concentration of 100ng/ml and solubilized in RIPA lysis buffer (1% NP-40,
150mM NaCl, 0.1% SDS, 0.5% sodium deoxycholate, 50 mM Tris, pH 7.4,
supplemented with 1 mM Na3VO, and a Complete Protease Inhibitor Cocktail tablet).
Post-nuclear supernatants (PNS) were obtained by centrifugation at 12000g for 15

min,

[B-hexosaminidase release assays - Cells were cultured, harvested, resuspended at
0.5x10%ml in appropriate media with DNP specific mIgE/NIP specific hulgE (SPE,
1/500) and plated 100ul/well into 96 well plates. Next days, cells were washed with a
buffered solution and activated with DNP-HSA/NIP-HSA cross-linking agent (0.1-
10000ng/ml) for 20 minutes prior to incubation with 50ul B-hexosaminidase substrate
(p-nitrophenyl N-acetyl B-D-glucosaminide diluted to a final concentration of 2mM in
citrate buffer, pH 4.5) for 2-3 hours at 37°C. The reaction was stopped by addition of
150ul 1M TRIS-HCI, pH 9.0, and product absorbance visualized using an ELISA
plate reader set to 405nm wavelength (Millenia Kinetic Analyser) against
substrate/buffer blank. Total B-hexosaminadase cell content was obtained by cell
disruption using Sirganian buffer supplemented with 1% Triton-X100. Experiments

were carried out in triplicate and mean values + SD presented.

Ca’*mobilization - Cells were harvested in cell dissociation solution and washed in
PBS. 1x107 cells were resuspended in the appropriate media and incubated at 37°C for
1 h with 10pg/ml of either DNP-specific mIgE or NIP-specific hulgE. Following

incubation, cells were sedimented and resuspended at a density of 5x10%ml in a
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buffered solution (120mM NaCl, SmM KCl, 0.04mM MgCl,, ImM CaCl,, 25mM
PIPES, final pH 7.4). The Ca®* probe Fluo-3 AM was added at a final concentration
of SuM. Cells were incubated for 15 min at 37°C, after which aliquots of 1x10° cells
were analysed on a Facscalibur flow cytometer (BD Biosciences). After a baseline
reading was taken, DNP-HSA or NIP-HSA was added as appropriate (100ng/ml). In
the unresponsive cell lines (D194L, D194V, D194R, D194S and D194I), ionomycin

(10pM) was used as a positive control, demonstrating that the cells had been

adequately loaded with Fluo-3 AM.

Immunoprecipitation and immunodetection - A standard Bradford assay (Bio-Rad,
Hercules, USA) was performed with an aliquot of PNS to allow normalization
between samples. Normalised PNS was incubated with respective antibodies (1pug/mg
PNS) overnight at 4°C and precipitated with Protein A-agarose (Upstate
Biotechnology, Lake Placid, USA) for 4 h. Immunoprecipitates were washed in ice-
cold RIPA lysis buffer and eluted in SDS sample buffer (50mM Tris, pH 6.8, 2%
SDS, 10% glycerol and 100 mM DTT) prior to separation by 12.5% SDS-PAGE and
subsequent electrophoretic transfer of protein to PVDF membranes (Amersham
Biosciences). Membranes blocked either in 3% BSA (for anti-phosphotyrosine, clone
4G10) or 5% non-fat milk (for all other primary antibodies) in PBS/Tween (0.1%)
were incubated with primary antibodies and HRP-conjugated secondary antibodies, as
indicated, for 1 h each. Proteins were visualized by using the Enhanced

Chemiluminescence (Amersham Biosciences).
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Results

(i) Cell surface expression of huFceRla in transfected cell lines: Gene constructs
encoding wild-type and mutant variants, where D194 in the TM domain of the hulgE
receptor ligand binding subunit has been replaced by codons specifying charged, polar
and non-polar amino acids, were transfected into RBL-2H3 cells. Stable cell surface
expression was observed following transfection of the wild-type gene and genes
encoding replacement of D194 by N, T or L, while variants encoding a substitution
with A, E, V, I, S, R or K at this position showed no evidence of cell surface
expression of mutant receptor subunits. Fig. 1 shows analysis of transfected cell lines
by flow cytometry from a typical experiment demonstrating positive expression where
stably transfected cell lines were subjected to repeated cell sorting to select for the
highest expressing cells. Furthermore, co-immunoprecipitation studies confirmed

expression of transfected huFceRIa subunits in association with endogenous FcR-B

and FcR-y subunits in the transfected cell lines (Iodice, 2006).

(it) Downstream signaling f-hexosaminidase release: Antigen-mediated cross-linking
of the high-affinity IgE receptor on mast cells results in the release of various
mediators, including B-hexosaminidase, thus providing a reliable system for assessing
mast cell degranulation (Landegren, 1984). All cell lines were assessed for their
ability to undergo degranulation in response to an IgE-mediated antigenic stimulus
through endogenous FceRI and transfected huFceRlIa receptors (Fig. 2). The D194,
D194T and DI194N transfected cell lines exhibited B-hexosaminidase release in
response to hulgE/NIP-HSA (selectively activating cells sensitized via the transfected
huFceRla receptor subunit). As expected the D194V, D194R, D194S, and D194l
transfected cell lines, which show no surface expression of huFceRla by flow
cytometry, did not support mediator release in response to a hulgE/NIP-HSA cross-
linking stimulus. In contrast, the D194L constructs, while supporting cell surface
expressing of huFceRI, showed no release, indicating that this mutation at D194

residue results in abrogation of receptor-mediated degranulation.

(iii) Downstream signaling Ca’* mobilization: IgE/antigen-mediated activation of
mast cells results in the production of the secondary mediator IP; which promotes

release of Ca®* from ER localized stores to facilitate an increase in the concentration
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of intracellular Ca®", a process essential to the degranulation response (Scharenberg
and Kinet, 1998). Changes in intracellular Ca®" levels were examined in all cell lines
passively sensitized with the IgE for the appropriate species and subsequently loaded
with Fluo 3-AM prior to challenge with the corresponding antigen. Ca’* mobilization
was assessed using flow cytometry. As shown in Fig. 3, cell lines showed an almost
immediate increase in cellular Ca®* levels following the addition of DNP-HSA,
peaking around 20 s after stimulation. Similarly, the D194, D194T and D194N
transfected cell lines demonstrated a significant increase in cellular Ca?* levels
following the addition of NIP-HSA. In contrast, the D194L, D194V, D194R, D194S,
and D194 transfected cell lines showed no increase in levels of intracellular Ca*
following the addition of NIP-HSA. The Ca®* ionophore ionomycin was used as a
positive control in the unresponsive D194L, D194V, D194R, D194S, and D1941

transfected cell lines demonstrating the capacity of the transfected cells to support

Ca®* mobilization (Fig. 3).

(iv) Tyrosine phosphorylation of FcR-y and Syk kinase: Previously, we and others
have established tyrosine phosphorylation of multiple proteins within 10-20 s of IgE-
receptor-mediated activation including the FcR-y subunit ITAMs and Syk kinase as a
1.)rerequisite to degranulation (Paolini et al., 1991). Immunoprecipitation studies
demonstrated tyrosine phosphorylation of FcR-y subunits at ~14.3 kDa (Fig. 4) and
Syk kinase at ~72kDa (Fig. 4) in response to antigen-mediated cross-linking of
corresponding receptor subunits in the RBL-2H3, D194, D194T and D194N cell lines.
In contrést, receptor activation of the D194L transfected cell line with NIP-HSA
showed no evidence of tyrosine phosphorylation of either FcR-y or Syk kinase. To
determine if the block in signal transduction and subsequent Ca®* mobilization was
due to defective receptor function caused by the D194L mutation within the huFceRlq
TM domain of this variant, the tyrosine phosphorylation status of FcR-y and Syk
kinase was assessed following receptor-mediated activation. Receptor activation of
DI194L transfected cell line by NIP-HSA showed no evidence of tyrosine
phosphorylation of either FcR- y or Syk kinase suggesting a medium sized polar
residue at position 194 in FceRI facilitates receptor phosphorylation and subsequent

signaling events leading to degranulation (lodice, 2006).
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Discussion

RBL-2H3 cells when transfected with wild-type (D194) and mutated variants
(D194N, D194T and D194L) of the huFceRIa subunit expressed at the cell surface in
association with endogenous FcR-B and FcR-y subunits. D194, D194T and D194N,
but not D194L transfected cell lines, evidenced robust tyrosine phosphorylation of
FcR-y subunits and Syk kinase, intracellular Ca®* mobilization and degranulation in
response to NIP-HSA. In contrast exchanging Asp with isoleucine (D194I), valine,
(D194V) serine (D194S), alanine (D194A), glutamic acid (D194E), lysine (D194K)
and arginine (D194R) failed to support cell surface expression of the mutant ligand
binding domain. Interestingly we find that there is no correlation between IgE-
mediated, antigen induced levels of mediator release and levels of receptor expression
confirming earlier observations (Sayers et al., 1998). This rules out that a reduction in
the numbers of the ligand binding domain of the receptor complex can account for the
failure of the mutant receptor subunit to induce downstream signalling and
degranulation.

Based on results obtained in the current study, a new structural model was developed
to account for interactions in the TM domain between the D194 residue and FcR-y
subunits (Fig. 5). The model envisages the interaction between two FcR-y subunit TM
helical segments (residues 6-26) which are arranged in a parallel conformation and
restrained by forming the disulphide bond between cysteine residues (C7) in each
subunit. A third helix corresponding to the FceRIa TM sequence (residues 181-189)
was orientated against these two helices in order to optimize interactions. D194 is
predicted to face into the interior of the three-helix bundle to form hydrogen-bonding
interactions with T22 in both FcR-y subunits. Since the FcR-B subunit is not essential
for cell surface expression of human FceRla and endogenous FcR-y subunits (Varin-
Blank and Metzger, 1990), this model addresses only the interaction between the
minimal essential receptor subunits involved in FceRI-mediated signaling. The
predicted interaction would stabilize all three residues in the interior of the TM helical
bundle. The molecular model developed as a result of the current mutagenesis study
differs significantly from that proposed previously (Farber and Sears, 1991), which
suggested the negatively charged D203 (rat FcyRIlla) homologous to D194 in the
FceRla subunit, would interact with the positively charged K29 (F cR-y). Our model
predicts that K29 occurs in the relatively hydrophilic sequence RLKIQV and places

158



Appendix 1

its location into the cytoplasmic rather than in the TM region. In addition, the earlier
study assumed a transmembrane 1:1 stoichiometry (Farber and Sears, 1991), rather
than a 2:1 association of FcR-y and FeeRla subunits, as envisaged in our model.
Indeed, a recent study has implicated T22, along with other residues, in the formation
of a central interface that is presumably involved collectively in interacting with the
FceRIo. TM domain (Wines et al., 2006).

According to the model proposed the side-chain of residue 194 is placed in a closely
packed central position at the interface between the transmembrane helices where
there will clearly be severe restraints as to which side chains can be accommodated.
This is consistent with the results which demonstrates that the residue at 194 be a
polar residue of medium size (Asp, Asn, Thr) capable of making two separate
hydrogen bonds with the Thr22 residue in the two FcR-y subunits. The mutation to
almost similar sized non-polar Ile (D194]) failed to exhibit surface expression as it is
essentially different in polarity despite occupying a similar space as Asp. The polar
Thr mutation (D194T) is able to maintain receptor expression and function while the
almost similar sized non-polar valine (D194V) is disfavoured as it is incapable of
hydrogen bonding. It is evident that only slightly larger polar residues Glu (D194E)
and polar Lys (D194K) and much larger sized polar Arg (D194R) did not support cell
surface expression, although like Asp, Asn and Thr, the residues Glu, Lys, and Arg
should also be capable of making the predicted hydrogen bonds thus reflecting the
critical nature of the packing restraints at this position. Similarly the smaller sized
residues non-polar Ala (D194A) and polar Ser (D194S) failed to act as a suitable
substitution at the 194 position as no surface expression was witnessed in the D194A
and D194S transfected cells. It is possible that in all the above-mentioned mutations
the correct assembly of the three transmembrane helices is compromised and thus
correct assembly at the cell surface does not take place.

The D194N mutation maintains receptor function as TM and downstream signaling
are not affected, possibly due to the fact that N shares similar properties with D, even
though there is a charge difference. The signaling properties of the variant receptor
subunit are most likely to be maintained by virtue of similar polar properties of the
residues as it is expected that the polar Asp serves to stabilise the receptor complex by
forming side-chain/side-chain inter-helical hydrogen bonding with the other subunits.

Although the amide side chain of N does not ionize, it is polar and can act as a
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hydrogen bond donor and acceptor, suggesting the importance of polarity, rather than
charge, of TM residues in the initiation of downstream signaling events. In contrast, a
previous study showed that mutation of D—N in the putative second TM domain of
the C5 complement receptor (C5a) resulted in abrogation of intracellular signaling
following transfection of the mutant receptor without affecting ligand binding (Monk
et al., 1994).

Dand L essentialiy differ in polarity, and the latter non-polar substitution at residue
194 is associated with a failure to transmit a cross-linking stimulus into a secretory
response. The observed signaling defect could be due to a loss of polarity resulting
from this substitution, compounded by a change in the size of the TM helix, which
could affect the rotational and/or translational shift of the ligand binding subunit
relative fo other TM components that need to be in proper register to function co-
operatively.

The model proposed for FceRIovy chain interaction in the current study should be
substantiated by probing the interaction with T22 in FceRlIy. Using a variant of the
RBL cell line described as FceRly chain deficient, (gift of Prof. Draber, Univ of
Prague) (Bocek et al., 1995) we still observed basal expression of the FceRI complex
in these cells rendering them unsuitable for verifying the predictions made by the
model developed in our study (Rashid, 2009).

A more detailed understanding of the interaction between FceRlo, and FceRly at the
molecular level, may form the basis for the development of therapeutic agents aimed
specifically at the inhibition of FceRI-mediated cell signaling in allergic disease
linked to mast cell desensitization and should guide the development of ‘molecular
wedges’, analogous to anti-cancer drugs, which inhibit neu oncogene receptor
aggregation or T-cell receptor signaling (Lofts et al., 1993; Manolios et al., 1997) and
may have wider applications for the development of selective inhibitors of
immunoreceptor-mediated pathologies.These core peptides are not only anchor
proteins but appear to function by inhibiting downstream signalling by blocking
receptor subunit interactions in the membrane. The most interesting aspects of these
peptides is their ability to internalize to many cell types without any apparent side
effects. (Huynh et al., 2003) suggesting they may form the basis for a new class of
anti-allergic drugs.
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Abbreviations

The abbreviations used are; DNP-HSA, dinitrophenol-human serum albumin; FcR-B, FceRI beta
Subunit; FcR-y, FceRI gamma subunit; IP, immunoprecipitation; huFceRIa, human FceRI alpha
Subunit; hulgE, human IgE; NIP-HSA, 4-hydroxy-3-iodo-5-nitrophenylacetyl-human serum
albumin; PNS, post-nuclear supernatant; PVDF, polyvinylidene difluoride; RBL, rat basophilic
leukemia; RIPA, radioimmunoprecipitation assay; Tac, IL-2 receptor o-chain; TM,

transmembrane; WB, western blot.

Figure Legends

Kig. 1. Assessment of cell surface receptor expression in RBL-2H3 cells transfected with gene
constructs encoding wild-type and mutant huFceRla subunits. Cells were harvested and labeled
With human IgE, biotinylated goat anti-human IgE followed by streptavidin R-phycoerthrin. Cell
Populations were assessed for huFceRI transfected receptor expression by flow cytometry. Figure

A shows control for B, C and D. Figure E shows control for F, G and H. Figure I shows control
for J and K.

Fig. 2. B-hexosaminidase secretion profiles of RBL-2H3 and transfected cell lines. Cells were
harvested, sensitized for 16 hours with DNP-specific mIgE or NIP-specific hulgE and activated
with the appropriate cross-linking agent i.e. DNP-HSA or NIP-HSA (0.1-10000ng/ml) (16).
Released B-hexosaminidase is expressed as a percentage of total B-hexosaminidase. Fig 2 shows
cells activated through endogenous and transfected huFceRIa receptors with DNP-specific
mIgE/DNP-HSA a:nd through transfected huFceRIa receptors with NIP-specific hulgE/NIP-

HSA. Data represent mean + S.D. from three separate experiments performed in triplicate.
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&u Ca®* mobilization of RBL-2H3 and transfected cell lines in response to receptor
Activation. Cells were sensitized with DNP-specific mIgE (1pg/ml) (A) and NIP-specific hngE
(lug/ml) (B-). IgE-primed cells were loaded with Fluo-3 AM (5uM) and analyzed on a
Facscalibur flowcytometer (BD Biosciences) (see Materials and Methods). A base reading was
Obtained prior to the addition of the appropriate cross-linking agents (100ng/ml DNP-HSA, NIP-
HSA or 10uM ioﬁomycin). Data are representative of five separate experiments. (A) Cells
Sensitized with DNP-specific mIgE/ DNP-HSA as control (B) D194T (C) D194I (D) D194V (E)
D194R (F) D194S (G) D194 (C) D194N (D) D194L (E) D194L sensitized with ionomycin

(10uM),

&2_4 Tyrosine phosphorylation of FcR-y and Syk kinase following aggregation of endogenous
and transfected huFceRla receptors. Cells sensitized overnight with DNP-specific mIgE (RBL-
2H3) or NIP-specific hulgE (D194, D194N, D194T and D194L) were harvested and activated
With the appropriate cross-linking agent i.e. DNP-HSA or NIP-HSA (100ng/ml) for 2 min. Cells
Were lysed in RIPA buffer and immunoprecipitation of the PNS (RBL-2H3 cells ~3mg/ml and
huFceRIa transfectants ~6mg/ml) was performed either with anti-phosphotyrosine (clone 4G10)
Or polyclonal anti-Syk antibodies. Immunoprecipitates were resolved by SDS-PAGE, transferred
to PVDF membranes and probed with monoclonal anti-phosphotyrosine (clone 4G10), anti-Syk
or polyclonal anti-FcR-y antibodies as indicated. FcR-y quantification was achieved by

immunodetection of the PNS (taken prior to immunoprecipitation) with antibodies to the FcR- y

subunit, Data are representative of seven separate experiments.

Figure 5. Modeling of transmembrane helices. The transmembrane regions of both FceRla and
FcR-y subunits were identified from NCBI annotation and confirmed by hydropathy plots (Kyte
and Doolittle, 1982) . A model was constructed from two FcR-y subunit helices (linked by a
disulphide bond between C7 in each FcR-y subunit) and one helix of the Fc(Rla subunit (centre),
all with inter-helical angles of approximately -25° This aimed at exposing the majority of
hydrophobic side chains on the outside of the three-helix bundle, so as to permit favorable
Interactions with lipid tail groups in the membrane. The model positioned D194 of the FceRla
subunit in hydrogen bonding distance from T22 residues present in both FcR-y subunits
indicated by arrows). This model was then subjected to energy minimization using the X-PLOR

rogram (Brunger et al., 1987) in order to improve stereochemistry and to optimize contacts.
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Figure 2
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Figure 4
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Putative
™

Figure 5

170





