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ABSTRACT

Sequence-specific peptides of the individual subunits of the high affinity IgE
receptor (FceRI), a tetrameric complex of one alpha, one beta and two identical
disulphide-linked gamma subunits involved in allergic diseases, were
synthesised by solid phase synthesis and the antibodies against these peptides
were raised in rabbits. The antibodies were purified and characterised by
different immunological methods including ELISA, CELISA, flow cytometry
and Western blots. The antibodies not only reacted with the synthetic peptides
but also, successfully, bound to the natural FceRI on RBL-2H3 cells. The
sequence-specific antibodies against individual subunits were able to recognise
the authentic alpha, beta and gamma subunits by Western blots, and provided an
unique tool for investigating the structure and functions of the receptor. The
antibodies to both terminals of the beta subunit bound to intact cells and yielded
a modified topological model for the beta subunit to that proposed in 1988.
Dimers of the beta subunit in the RBL-2H3 were observed for the first time with
anti-beta antibodies by Western vblotting, and an extra 24 kD protein was
detected by an antibody against the gamma cytoplasmic fragment but not by the
antibodies induced by the whole synthetic gamma subunit. Antisera, especially
those raised agair,lst the beta subunit of FceRlI, triggered degranulation and
calcium influx in RBL-2H3 cells. This indicated that either the beta subunit
might contribute to signal pathways directly or the biochemical events were
triggered by unknown substances in the antisera. The coupling of avidin to
biotinylated IgE on RBL-2H3 stimulated a similar cellular response to that
elicited by conventional hapten-IgE-receptor coupling. The degranulation of the
cells induced by pervanadate, an inhibitor of tyrosine phosphatase, suggested
that dephosphorylation is also involved in signal transduction of the receptor-
mediated degranulation.
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Introduction Chapter 1
and Research background

1 INTRODUCTION AND
RESEARCH BACKGROUND

1.1 THE HIGH AFFINITY IGE RECEPTOR:
MOLECULAR ASPECTS AND SIGNALLING PATHWAY

1.1.1 Introduction

The IgE receptor appears on many cells in the immune system, but binding to
IgE with high affinity is found exclusively on mast cells, basophils (Metzger,
Alcaraz et al. 1986) and recently Langerhans' cells (Bieber, de et al. 1992;
Wang, Rieger et al. 1992). The high affinity receptor for IgE (FceRI) plays a
key role in mediating allergic reactions by coupling in the presence of allergens
to the cellular response. When multivalent allergen cross-links IgE bound to
FceRI, the cross-linking activates a signal transduction pathway that leads to the
secretion of histamine, serotonin and other inflammatory mediators whose
activities ultimately lead to the signs and symptoms that afflict allergic
individuals (Ishizaka and Ishizaka 1984).

The allergic diseases such as hey fever are serious world-wide health problems
which cause considerable morbidity and appreciable mortality and produce
significant demands and cost for medical and hospital care. Asthma as an
example, has more readily available epidemic data; the general figure is 4-8% of
population for some developed countries (Turner 1989). Much of the emphasis
in research on allergic phenomena has focused on the rapid responses of mast
cells or basophils mediated by interaction of the cell bound IgE/the high affinity
IgE receptor complex with antigen. A full understanding (a) the structure and
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function of the high affinity receptor for IgE; (b) the binding of IgE to the
receptor to IgE, the aggregation of FceRI coupling to cellular events may lead to

successful therapies for IgE-related allergic diseases.

The discovery that mast cells are capable of producing cytokines upon
aggregation of the high affinity IgE receptor (Wodnar Filipowicz, Heusser et al.
1989; Seder, Paul et al. 1991; Keegan, Pierce et al. 1991) and that the receptor
is a member of a set of multi-chain immune recognition receptors (Keegan and
Paul 1992) indicates that this receptor is not only linked to the mediators of

allergic reactions but may also be important in regulation of immune responses.

1.1.2 The Structure of The Receptor

1.1.2.1 The subunits and their molecular weight

The initial purification of the high affinity receptor for IgE was attempted by
classic IgE-anti-IgE affinity chromatography and yielded only one polypeptide
later called the alpha chain (Conrad, Berczi et al. 1976) (Kulczycki, McNearney
et al. 1976), but a variety of data indicated that the unit receptor contained, in
addition, a 30-33 kD beta chain (Holowka, Hartmann et al. 1980) (Holowka
and Metzger 1982). Eventually, an unrecognised disulphide-linked, gamma
chain dimer was assigned to the receptor (Perez Montfort, Fewtrell et al. 1983).
It is now believed that the high affinity receptor for IgE (Figure 1-1) is a
tetrameric complex of non-covalently attached subunits with one IgE-binding
alpha subunit, one beta subunit and a dimer of disulphide-linked gamma
subunits (Blank, Ra et al. 1989).

The earliest characterisation of the receptor for IgE binding later showed to be
the o chain, was carried out by 1251 labelling of the surface of rat peritoneal

mast cells or cultured rat basophilic leukaemia cells and immunoprecipitated
with anti-IgE antibody (Conrad and Froese 1976).
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Figure 1-1 Schematic model of the tetrameric receptor for
immunoglobulin E. The polypeptides are shown in what is believed to
be their fully processed form. The alpha subunit is shown on the left. Its
two immunoglobulin-like loops are shown as disulphide linked, on the
basis of their resemblance to similar structures in the corresponding chain
of Fcyreceptors. To the right is the beta subunit, and to the right of it are
the two gamma chains which are thought to be disulphide linked to each
other. The putative transmembrane segments are shown as consisting of
21 amino acid residues and would probably be in an a-helical

configuration.

The immunoprecipitate showed a broad band at 62 kD on SDS-PAGE. Further
biosynthetic studies with 14C-glucosamine or 3H-amino acids showed it was a
glycoprotein with a molecular weight of about 50 kD or less (Kulczycki,
McNearney et al. 1976). The carbohydrate portion of the receptor was shown
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not to be located in the binding site for IgE (Pecoud, Ruddy et al. 1981). The
following molecular weight studies confirmed that the receptor was
heterogeneous. 50 and 55 kD were both reported using IgE-Sepharose affinity
chromatography (Conrad and Froese 1978); 58 kD (Isersky, Taurog et al.
1978) was published from rat basophilic leukaemia cells, and a broad 58 to 68
kD band was found on human basophils (Hempstead, Parker et al. 1979) which
is little bigger than its counterpart from rodent. The largest molecular weight
reported was 130 kD estimated by gel filtration; the partial specific volume was
estimated from the differential sedimentation in sucrose gradients prepared from
H,O and D70, and the sedimentation constant was estimated from the same
centrifugation experiments (Newman, Rossi et al. 1977). It probably
represented an intact receptor complex. The results from different experimental
procedures also paralleled the ambiguous molecular weight data for the alpha
subunit. Western blots with monoclonal antibodies against FceRI suggested a
55 to 60 kD broad band (Rivera, Kinet et al. 1988). A number of cDNA clones
of alpha subunit were reported from a rat basophilic leukaemia cell cDNA
library. Nucleotide sequencing established four different forms of cDNA of
alpha subunit: one was nearly identical to the early published cDNA; the second
differed from the first in the 5' untranslated sequence; and the other two forms
used either one or the other of the 5'-end sequences as above and lacked 163
base pairs in the region coding for the second extracellular domain. RNase
protection analysis with radioactive RNA probes, established the heterogeneity
of rat basophilic leukaemia cell mRNA with regard to both the 5' and the
internal sequences. The results suggested the existence of at least four different
protein forms related to the alpha subunit of the high-affinity IgE receptor (Liu,
Albrandt et al. 1988). The gene of the alpha chain from rat cloned by a different
group was transcribed into at least three distinct forms, each of which yields a
somewhat different coding sequence (Shimizu, Tepler et al. 1988).

Besides a major 58 kD band from anti-IgE precipitated from IgE-saturated RBL
detergent lysates, a minor polypeptide around 30 kD band was also regularly
detected but did not initially attract attention (Isersky, Taurog et al. 1978). It
was reported later as an alpha subunit associated polypeptide (Holowka,
Hartmann et al. 1980). The molecular weight of the beta subunit is less
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controversial than the alpha subunit.. The receptor with binding activity was
expressed in Xenopus Oocytes by translation of mRNA from rat basophilic
leukaemia and two major polypeptides were isolated by affinity purification on
IgE immunoadsorbent. One (31 kD) of them was equivalent in size to the
previously identified "receptor-associated protein;" i.e. beta subunit, while the
other (41 kD), was speculated to be a partially glycosylated or unglycosylated
form of the alpha subunit of the IgE receptor (Liu and Orida 1984). Western
blots and immunoprecipitation by monoclonal antibodies to the beta subunit
indicated clearly was 32 kD (Rivera, Kinet et al. 1988). Finally the translated
protein from cloned beta mRNA with a lysate of rabbit reticulocytes in the
presence of 35S-methionine showed a major component about 32 kD (Kinet,
Blank et al. 1988). Biosynthesis experiments with labelled carbohydrate
precursors showed no evidence for the presence of carbohydrate on the beta
subunit (Holowka and Metzger 1982)

Under the conditions that stabilised the interaction between the alpha and the
beta subunits of the high affinity IgE receptor, two extra components were
recovered having apparent molecular weights of 45 kD and 20 kD, respectively.
The 20 kD polypeptide was demonstrated to consist of a disulphide-linked
dimer of 10 kD polypeptide and called the gamma subunit (Perez Montfort,
Kinet et al. 1983), while the 45 kD protein was a covalently cross-linked form
of one beta and two gamma chains induced by immunoprecipitation (Kinet,
Perez et al. 1983). Again, as for the alpha subunit, the molecular weight of the
gamma subunit proved problematical. The same paper reported several
experiments with appropriate standards which yielded an apparent mass of 8.5-
10 kD for this component (Perez Montfort, Kinet et al. 1983). When
electrophoresis was run, using a somewhat modified protocol which included
urea, the unreduced gamma component was found to be 18 kD whereas the
reduced gamma yielded an apparent molecular weight of 6.6 to 6.9 kD (Alcaraz,
Kinet et al. 1987). When the complementary DNAs for the gamma subunit
were isolated from a library derived from rat basophilic leukaemia, it was
possible to deduce the amino-acid sequence and predicted molecular weight
(Blank, Ra et al. 1989). The studies with dual labelling of the receptor, using
35S-methionine and 3H-histidine indicated that no histidine was incorporated
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into the receptor-associated gamma subunit, and the relative molecular mass of
7,139 of the gamma subunit without histidine was predicted for the fully
processed gamma subunit although the early composition analysis had
concluded that the gamma subunit could contain one histidine residue (Alcaraz,
Kinet et al. 1987). The authors explained that as the open reading frame was
derived from three independent clones, each of which predicts a histidine six
residues from the C-terminal end, it is likely that the gamma subunit underwent
C-terminal processing that clipped off the histidine-containing segment.
Because the peptide immediately preceding this histidine was recovered, the C-
terminal segment must be cleaved after Lys 63.

1.1.2.2 Topology of the subunits

The complete structure of the receptor was deduced to be a tetrameric subunit
complex with one alpha, one beta and two homodimer gamma, which contains
five extracellular domains, seven transmembrane and six cytoplasmic domains
(Blank, Ra et al. 1989; Ra, Jouvin et al. 1989). Both cloned human and rat
cDNAs were shown to encode an NHj-terminal signal peptide, two
immunoglobulin-like extracellular domains (encoded by discrete exons), a
hydrophobic transmembrane region, and a positively charged cytoplasmic tail
(Shimizu, Tepler et al. 1988; Kochan, Pettine et al. 1988; Tepler, Shimizu et al.
1989). The long hydrophilic segment of the subunit had to be located outside of
the cell since it contained the two immunoglobulin-related domains responsible
for IgE binding (Riske, Hakimi et al. 1991) and a multiple glycosylation site
which could be surface labelled by 14C-glucosamine (Pecoud, Ruddy et al.
1981).

The nucleotide sequences for the B subunit did not appear to possess a leader
peptide and the [ polypeptide was proposed to cross the plasma membrane four
times. The available evidence supported both terminals of the B subunit being
located inside of the cell. For example, 1) lactoperoxidase-catalysed 1251-
iodination of intact vesicles of RBL cells resulted in labelling of the alpha
subunit of receptor but not the beta and gamma subunits. Lysis of these
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vesicles to expose the cytoplasmic face of the membrane by two different
methods, permitted labelling of the beta and gamma subunits with no increase in
labelling of the alpha. These results indicated that both the beta and gamma
subunits of the receptor have segments exposed at the cytoplasmic side of the
plasma membrane (Holowka and Baird 1984). 2) Cytoplasmically exposed
portions of the high affinity receptor for immunoglobulin E were investigated
with controlled proteolytic digestion of plasma membrane vesicles from rat
basophilic leukaemia cells. Hypotonic shock treatment results in vesicle
inversion, thereby exposing the cytoplasmic portions of the approximately 32
kD beta and approximately 8 kD gamma subunits to surface labelling by
lactoperoxidase-iodination. These 125I-labelled protein segments disappeared
after treating inverted vesicles with trypsin, and labelled components also
disappeared when chloramine T mediated 125I-iodination was used to label
receptors after inverted vesicles had been trypsin digested and solubilized.
Biosynthetic labelling of receptors with 33S-methionine showed that a 17-19 kD
labelled fragment, designated beta, remained associated with the alpha subunit
after trypsin digestion of inverted vesicles. This beta fragment was confirmed to
be the intramembranous portion of the beta subunit in experiments where
receptors were labelled with the hydrophobic photoactivated probe 3-(trifluoro-
methyl)-3-(m-[125I] iodophenyl)-diazirine prior to digestion (Hammes,
Holowka et al. 1989). 3) Both monoclonal antibody against the NH, terminus
of the beta subunit and the monoclonal antibody to the COOH terminus react
with membranes and not with intact cells suggested that both ends of the beta
subunit were cytoplasmic (Rivera, Kinet et al. 1988).

The gamma chains shared many of the labelling properties of the beta chain and,
like the latter, are likely to be embedded in the plasma membrane and exposed
on the internal but not the external surface of the bilayer (Perez Montfort, Kinet
et al. 1983). The longer hydrophilic domain of the gamma subunit which
contains tyrosine and threonine residues was proposed to be located on the
cytoplasmic face because it was only iodinated on inverted and not on intact cell
vesicles (Holowka and Baird 1984).
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1.1.2.3 The conservation of the receptor between human and

rodents

The analysis of cDNA sequences of the three subunits of the receptor from rat,
mouse and human showed a surprisingly low homology in three different
species. Although the genes of rat and mouse subunits were more similarly
conserved the homology of the alpha subunit between mouse and rat at the
protein level proved surprisingly low (71% identity) especially in the
cytoplasmic regions (57% identity) which were of different length (25 and 20
residues, respectively). By contrast, the beta and the gamma subunits were
homogeneously conserved between mouse and rat (83 and 93% identities,
respectively). The alpha subunit only had 38% identity among the three different
species although there was 86% identity among the three species in the amino
acid sequence of gamma (Ra, Jouvin et al. 1989). Consensus amino acid
sequences of human, mouse, and rat beta showed 69% identical residues
(Kuster, Zhang et al. 1992). If the conserved sequences carry functional
information, the transmembrane domains of the subunits and whole gamma
subunit, obviously, should be functionally important (Varin Blank and Metzger
1990).

Interestingly, rodent IgE could bind to the alpha subunit of human FceRI but
human IgE failed to react with rodent FceRI. Human mast cells and basophils
could be passively sensitised with murine anti-DNP IgE and stimulated for
histamine release by corresponding antigen. Both rat and mouse IgE were found
to inhibit the binding of 125]-human IgE to human basophilic leukaemia
(Conrad, Wingard et al. 1983). Bridging of cell-bound mouse monoclonal IgE
molecules on human mast cells by anti-IgE or its F(ab'), fragments induced
phospholipid methylation and an increase in intracellular cyclic AMP (cAMP)
(Ishizaka 1983)

20



Introduction Chapter 1
and Research background

1.1.2.4 Three dimensional structure

Since no suitable crystals are available for x-ray diffraction analysis nuclear
magnetic resonance studies have been carried out as an alternative approach and
already provided three-dimensional information about this receptor (Anderson,
Haris et al. 1992). Conformational studies by conventional circular dichroism
and Fourier-transform infrared (FTIR) spectroscopy, were also used for the
gamma subunit. In dimyristoylglycerophosphocholine (Myr2GroPCho)
liposomes consisting in D,0, the gamma subunit was proposed to contain three
conformational components beta-turn, alpha-helix and one left-handed extended
helix, which also were consistent with the component conformations identified
from the CD spectra, namely 37%, 38% and 25% for the alpha-helix, beta-turn

and extended structures, respectively (Anderson, Haris et al. 1992).

1.1.3 Structure-function relationships for the receptor

1.1.3.1 IgE-receptor interaction

The IgE-receptor interaction is one of key steps for FceRI mediated allergic
reactions. The earliest study of the binding site on IgE was carried out by
proteolysis of soluble IgE-receptor complexes with trypsin. The results
implicated the C3 domain as the principal site of interaction between rodent IgE
and its receptor (Perez Montfort and Metzger 1982). Later, the CH3 and CH4
domains of the rat IgE were indicated to be the binding site for the receptor by
inhibition of IgE binding with synthetic peptides and their antibodies (Burt,
Hastings et al. 1987; Burt and Stanworth 1987), but research using monoclonal
antibodies specific to C3 and C4 domains demonstrated that the C3 domain was
important in the binding of mouse IgE to the murine mast cell IgE receptor while
C4 had no effect on binding activity (Keegan, Fratazzi et al. 1991). A similar
study with monoclonal antibodies indicated the binding site on IgE is located in
the C2-C4 region (Hook, Zinsser et al. 1991)
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The most convincing fragment for the receptor binding was shown to be a 76
amino acid recombinant human IgE sequence spanning the CH2 and CH3
domains (Gould, Helm et al. 1987). This peptide had the capacity to inhibit
IgE-mediated degranulation in vifro and passive sensitisation of skin mast cells
in vivo (Helm, Marsh et al. 1988). Another attempt has been made to confer
on human IgE, which normally does not bind to the rodent receptor, the ability
to bind to the rat FceRI. Employing exon shuffling, chimeric human IgE
molecules were expressed in which various C domains were replaced by their
murine counterparts. It was found that only the chimerical IgE molecules which
contained murine C3 could bind equally to both rat and mouse FceRI. Deletion
of the C2 domain did not impair either the binding capacity of the mutated IgE
or its ability to mediate mast cell degranulation (Nissim, Jouvin et al. 1991).
However, a similar study demonstrated that both C2 and C3 are necessary for
the binding interaction although C4 of IgE may be replaced by C3 of IgG
without affecting the binding and cell activating properties of IgE (Weetall,
Shopes et al. 1990). The latest data about receptor binding site of IgE came
from Pep-scan techniques which located the binding site onto sequence of IgE,
Pro343 to Leu348, Pro#26 to Thr*33 and Ser#3¢ to Thr#6! (Nio, Seguro et al.
1992; Nio, Seguro et al. 1993).

As far as the IgE binding site on the high affinity receptor is concerned, the
primary information was that the extracellular portion of the alpha chain was
sufficient to promote high-affinity binding to IgE (Blank, Ra et al. 1991) and
that was localised to the extracellular residues 26-201 (Hakimi, Seals et al.
1990). Neither the carbohydrate part of the alpha chain (Pecoud, Ruddy et al.
1981), nor the beta and the gamma chains were needed for such binding
(Hakimi, Seals et al. 1990). The analysis of functional domains of the alpha
chain with IgE binding using inhibitory monoclonal antibodies revealed that
amino acids, 125-140 of the putative second domain was the epitope for these
antibodies (Riske, Hakimi et al. 1991). The Ig-binding regions of human
FcyRII and FceRI have been identified with chimeric Fc receptors. At least three

independent IgE binding regions in the alpha chain, between residues Trp37 to
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Lys!28, Tyr129 to Asp!45 and Serl46 to Vall69 (Hulett, McKenzie et al. 1993)

were identified.

1.1.3.2 Studies of transfectants with mutated and truncated

subunit genes

Transfection of human engineered alpha cDNA constructs encoding exclusively
the leader peptide and the extracellular domain of the alpha subunit into COS-7
cells resulted in the secretion of soluble IgE-binding polypeptides. After
treatment with tunicamycin, the transfectants secreted unglycosylated 18-kD
polypeptides which could also bind IgE. These data demonstrate unequivocally
that the extracellular domain of the alpha subunit is sufficient to mediate high
affinity binding of IgE. Furthermore, post-translation addition of carbohydrates
is not required for proper folding and function of the receptor binding site
(Blank, Ra et al. 1991).

The surface expression of FceRI in transfected cells, surprisingly, revealed that
cotransfection of human alpha and gamma genes was sufficient to achieve
expression of the receptor , as if beta were unnecessary. The surface
expression of FceRI was successfully whatever human alpha was transfected
with rat, mouse or human gamma gene (Miller, Blank et al. 1989; Kuster,
Thompson et al. 1990; Ra, Jouvin et al. 1989). However rodent cells were
different from their human counterpart; simultaneous cotransfection of the three
genes for alpha, beta and gamma was necessary to induce efficient expression
of the receptor on the cell surface (Ra, Jouvin et al. 1989; Blank, Ra et al.
1989).

The site-specific mutations data also suggested that the transmembrane domains
are critical loci for the receptor display. The mutant receptors were expressed
on the cell surface by transiently transfecting COS-7 cells with mutant subunits
and assessed by IgE binding. Removal of any single cytoplasmic domain of the
receptor's subunits had little influence on surface expression, and even

receptors missing all five cytoplasmic domains were expressed, albeit less

23



Introduction Chapter 1
and Research background

efficiently. Minor changes of the gene within the transmembrane domains
(TMs) sometimes produced major effects and more drastic changes of
sequences in the transmembrane domains stop surface expression entirely. The
maximal interspecies conservation was observed for the transmembrane

domains in the respective subunits (Varin Blank and Metzger 1990).

In a similar study P815 cells were stable transfected with mutated subunits of
the receptor and examined for their ability to initiate the early cellular responses.
Truncation of the alpha subunit or of the NH;-terminal cytoplasmic fragment of
the beta subunit in the transfectants had no effect on receptor-mediated changes
in intracellular Cat*, stimulated hydrolysis of phosphoinositides and protein
tyrosine phosphorylation. By contrast, Fc epsilon RIs with the beta subunit
missing the COOH-terminal cytoplasmic fragment were inactive. Surprisingly,
receptors in cells transfected only with human FceRI-alpha (which utilised the
gamma chains endogenously synthesised by the P815 cells but which contain
no beta subunit) responded normally (Alber, Miller et al. 1991).

Chimeric proteins were constructed with the extracellular and transmembrane
domains of the alpha chain of the human interleukin-2 receptor (Tac) and the
cytoplasmic domains of FceRI-y. It was found that cross-linking of the Tac
chimeras in the rat basophilic leukaemia cell line RBL-2H3 resulted in the

tyrosine phosphorylation of a subset of proteins and a portion of the
degranulation normally observed after FceRI-mediated stimulation. This

observation suggested that the FceRI-y was responsible for the signalling that

occurred after engagement of its receptor, although other receptor subunits were
needed for the signalling process (Eiseman and Bolen 1992b).
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1.1.4 The Signal Pathway of the receptor: from aggregation to
degranulation

1.1.4.1 Morphological changes in the cells

When the FceRI on mast cells or basophils are crosslinked by IgE and its
specific antibody or antibodies against the receptor, the aggregation causes the
cell to undergo rapid morphological changes. The oligomeric crosslinking
samples labelled with fluorescin were seen to cluster into visible patches on the
surface of the cell under the fluorescence microscopy (Menon, Holowka et al.
1984). An increase in filamentous actin was detected (Pfeiffer, Seagrave et al.
1985) and the receptors became substantially immobilised (Menon, Holowka et
al. 1986; Mao, Varin et al. 1991) and depolarised (Kanner and Metzger 1983).
The functional consequences for these various physical changes, whether it is
for opening ion channels or forming some active sites or simply chemical
change due to signal transduction, are unknown.

1.1.4.2 Calcium and other ion channels

Calcium has been thought of as a second messenger for many years. It was
believed that aggregation of receptors for IgE on the surface of mast cells led to
an increase in intracellular Cat and that this was both necessary and sufficient
for the initiation of secretion. The increase in intracellular Cat+ was primarily
due to the opening of calcium channels in the plasma membrane rather than to
release of calcium from intracellular stores (Mazurek, Dulic et al. 1986). These
ideas, which have been central to our thinking for so many years, have been
questioned. It was suggested that the increase in intracellular Cat+ was entirely
due to release from intracellular stores (Gomperts 1986) and furthermore, even
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its relevance to the initiation of secretion has been questioned (Neher and
Almers 1986; Lindau and Fernandez 1986).

It now seems clear that calcium is indeed important in the physiological
response of the cells, although other intracellular messengers are also involved.
The FceRI-related calcium signal has been confirmed at the single cell level to
avoid artefacts which may arise from averaging of a cell population (Millard,
Gross et al. 1988). Single-cell analysis found that even for very low values of
histamine release, nearly all cells demonstrated a Cat* response and the
response was markedly heterogeneous, ranging from no response to responses
two to three times greater than the mean response. Comparative studies of mast
cells stimulated under optimal and sub optimal conditions established that there
was a graded Cat™ response dependent on the strength of the stimulus
(MacGlashan 1989). Using digital video imaging microscopy at high time
resolution transient oscillations in Cat* were observed in rat basophilic
leukaemia cells stimulated with antigen and which were dependent neither upon
changes in the membrane potential of the cells nor extracellular Cat+. The
oscillations happened even where the calcium influx was blocked with La3+,
which suggested that the initial increase and oscillations induced in Ca*+ by
antigen stimulation came from intracellular stores (Millard, Ryan et al. 1989).
The transient rises in Cat* initiated in an individual cell can spread from cell to
cell in a wave-like pattern by means of a secreted intermediate, such as ATP in
the absence of gap-junctional communication. (Osipchuk and Cahalan 1992).
The data taken together means that the aggregation of the receptor causes
increases and oscillations in intracellular Ca++, initially by release of calcium
from intracellular stores and then sustained by the influx of calcium across the

plasma membrane.

Other ions or channels may contribute to this receptor mediated stimulation.
Initially, aggregation of the receptor in the absence of calcium ions caused
depolarisation of the plasma membrane (Kanner and Metzger 1983), suggesting
that other ions can traverse the putative channel. Direct evidence was reported
with measurements of increased Na+ fluxes in the absence of calcium ions,

induced by aggregation of receptors (Kanner and Metzger 1984). Recently,
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stimulation of RBL cells by cross-linking resulted in the activation of Cl- ion
channels as detected by the patch-clamp technique (Romanin, Reinsprecht et al.
1991). It has also been proposed that Kt efflux serves to sustain Cat influx
following for receptor-mediated triggering of cellular degranulation (Labrecque,
Holowka et al. 1991).

1.1.4.3 Phospholipase activation

Phospholipase A2 (PLA2) is activated by the aggregation of FceRI (Garcia Gil
and Siraganian 1986; Bronner, Cothenet et al. 1990) via a guanine nucleotide-
binding protein (Narasimhan, Holowka et al. 1990). A dual mechanism of
activation exist for PLC (Dinh and Kennerly 1991) involving either tyrosine
phosphorylation (Park, Min et al. 1991) or G proteins. Enhancement of cellular
phospholipase D (PLD)-1 mediated hydrolysis of endogenous
phosphatidylcholine (PC) during receptor-mediated cell activation resulted in the
formation of 1,2-diacylglycerol (DAG). The activation of these phospholipase
generates important signalling molecules such as, arachidonic acid from various
phospholipids by PLAZ2; the inositol phosphates and diglycerides from inositol
phospholipids by PLC; and diglycerides from phosphatidic acid transferred by
PLD hydrolysis of phosphatidylcholine through the action of phosphatidate
hydrolase (Gruchalla, Dinh et al. 1990).

Calcium-independent and dependent hydrolysis of phosphoinositides have been
implicated in FceRI (Pribluda and Metzger 1987). Diacylglycerol would then
activate protein kinase C and the products from inositol phosphates would
release calcium from intracellular stores. Exposure of the sensitised cells to
antigen could induce a substantial increase in protein kinase C activity in the
plasma membrane, which was accompanied by a slight decrease in the enzyme
in cytosol (White, Pluznik et al. 1985). The translocation of PKC was found to
be an early event that followed aggregation of IgE receptors but may not be
essential for mediating the exocytotic mechanism induced by these receptors
(White and Metzger 1988). There are conflicting reports on the possible
regulation of IgE-coupled inositol phospholipid hydrolysis by a G-protein
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(McCloskey 1988; Saito, Ishizaka et al. 1989; Wilson, Deanin et al. 1989)
(Narasimhan, Holowka et al. 1988). It worth mentioning that synthesis of new
protein over a period of a few hours is required to render mast cells fully
responsive to stimuli that act via the IgE receptor, and to certain other stimuli
that are receptor-independent (Buckley and Coleman 1992).

1.1.4.4 GTP binding proteins

Cross-linked IgE-receptor complexes also stimulate a pathway that inactivates
(desensitises) receptors and this pathway becomes important at high
concentrations of cross-linking antigen. Recent evidence that antigen-induced
secretion is impaired by mycophenolic acid (MPA), an inhibitor of the de nova
synthesis of guanine nucleotide, has implicated a GTP-binding protein (G
protein) in the signalling pathway. Other recent studies have indicated that the
conversion of cross-linked receptors to a detergent-insoluble (cytoskeleton-
associated) form at high antigen concentrations lead to the loss of signalling
activity. The secretion elicited by an optimal concentration of antigen (0.05
micrograms/ml DNP-BSA) was only inhibited by about 25% in guanine
nucleotide-depleted cells, whereas secretion elicited by 5 micrograms/ml DNP-
BSA, a concentration in the range that caused the high-dose inhibition of
secretion, is inhibited by more than 60%. It was shown that IgE-receptor
complexes were insolubilised in response to 5 micrograms/ml DNP-BSA in
both guanine nuéleotide—depleted and control cells. Importantly, the extent of
insolubilisation elicited by 5 micrograms/ml DNP-BSA was increased by more
than 60% in the guanine nucleotide-depleted samples. These results raised the
possibility that guanine nucleotide depletion reduced the secretory response to
high antigen concentrations in two ways: by inhibiting the G protein-coupled
signalling pathway and by increasing the availability of receptors to the pathway
leading to receptor insolubilisation and inactivation (Wilson, Seagrave et al.
1991).

Calmodulin inhibitors reduced both the basal and cholera toxin-enhanced
secretory responses to antigen and Cat+ mobilising agents. These synergistic
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effects suggested that the activation of a Gs-like GTP-binding protein, together
with an event (probably calmodulin-dependent) activated by an increase in
cytoplasmic Cat+ levels, may jointly provide a sufficient signal for secretion.
Antigen-stimulated secretion was inhibited by depleting cells of GTP with
mycophenolic acid but was maximal in cells treated with mycophenolic acid plus
cholera toxin. The simplest explanation was that cholera toxin selectively
reactivated the Gs-coupled pathway leading to secretion in GTP-depleted cells
without restoring the activity of a separate GTP-binding protein(s) that
constrained antigen-stimulated secretion.

1.1.4.5 Tyrosine phosphorylation

Recently, tyrosine phosphorylation was found to be one of earliest responses
following aggregation of FceRI (Benhamou, Gutkind et al. 1990; Connelly,
Farrell et al. 1991; Paolini, Jouvin et al. 1991). Several proteins with tyrosine
residues have been observed to be phosphorylated during FceRI coupling and
the most remarkable ones included pp72 proteins (Benhamou, Gutkind et al.
1990), phospholipase Cyl (Park, Min et al. 1991), pp110 (Benhamou, Stephan
et al. 1992) and FceRI (Paolini, Jouvin et al. 1991) itself. The tyrosine
phosphorylation was induced only when the FceRI remained aggregated
(Benhamou, Gutkind et al. 1990; Kawakami, Inagaki et al. 1992) but also an
essential component of signalling since inhibitors of protein tyrosine kinases
effectively blocked the release of histamine from mast cells (Yu, Lyall et al.
1991; Stephan, Benhamou et al. 1992). The tyrosine kinase inhibitor, genistein,
was reported to inhibit antigen-induced PI turnover, determined from assays of
1,4,5-inositol triphosphate production, and impair receptor-mediated secretion,
ruffling and actin polymerisation (Deanin, Martinez et al. 1991).

The protein tyrosine kinases responsible for this phosphorylation remain
unknown. Since FceRI has no intrinsic enzymatic activity, protein tyrosine
phosphorylation must result from activation of cellular enzymes. Quarto and
Metzger (Quarto and Metzger 1986) incubated purified receptor-
immunoglobulin E (IgE) complexes with [gamma-32P]-ATP and found
phosphorus was incorporated into tyrosine on the beta and gamma chains of the
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receptor. The activity had the typical characteristics of a tyrosine kinase.
Immunoprecipitation of the complexes with anti-IgE left the activity in the
supernatant, demonstrating that the activity was not from the receptor itself.
Eiseman and Bolen (Eiseman and Bolen 1992a) described src family tyrosine
kinase activity in immmunoprecipitate of FceRI which was enhanced if the
receptors were aggregated before the cells were solubilised. The tyrosine
kinase, p561Y" was associated with FceRI from RBL cells, whereas p62¢-yes
was associated with the FceRI on the murine PT18 mast cell-line. The same
investigators failed to observe activation of p561¥n after aggregation of a
chimerical construct (consisting of the exo- and transmembrane domains of the
Tas protein fused to the cytoplasmic domain of the gamma subunit of FceRI)
that had been transfected into RBL cells (Eiseman and Bolen 1992b).

The data accumulated also suggested that tyrosine phosphatases take part in
signalling pathway for FceRI mediated degranulation. FceRI engagement
induced immediate in vivo phosphorylation on the beta (tyrosine and serine) and
the gamma (tyrosine and threonine) subunits by at least two different non-
receptor kinases. The phosphorylation signal was restricted to the activated
receptors and was immediately reversible upon receptor disengagement by
undefined phosphatases (Paolini, Jouvin et al. 1991). A monoclonal antibody
to the CD45 surface antigen, a membrane protein tyrosine phosphatase, inhibits
IgE-receptor mediated histamine release from human basophils (Hook,
Berenstein et al. 1991). A combination of H»O7 and vanadate, an inhibitor of
tyrosine phosphatase, stimulated protein tyrosine phosphorylation in RBL-2H3
cells and could induce partial degranulation (Zick and Sagi 1990).

1.1.5 New role of FceRI in immune system

1.1.5.1 Cytokine secretion
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It has recently been demonstrated that FceRI activation on mast cells produces a
set of cytokines including interleukin-3 (IL-3) (Wodnar Filipowicz, Heusser et
al. 1989); IL-3, IL-4, IL-5 and IL-6 (Plaut, Pierce et al. 1989; Seder, Paul et al.
1991); IL-1, IL-3, IL-5, IL-6, IFN-gamma, GM-CSF (Burd, Rogers et al.
1989); TNF-a (Gordon and Galli 1991) and IL-4 (Piccinni, Macchia et al. 1991)
(Paul 1991). These cytokines with a wide spectrum of activities suggested that
in addition to their inflammatory effector function, mast cells may play a more
important part in allergic and immune responses than has been assumed so far.
It is possible that they serve as a source of growth and regulatory factors and

inflammatory agents having a broad range of biological effects

From the allergic response point of view, IL-3 is certainly involved in

stimulating the proliferation of mast cells while IL-4 is a key factor controlling

isotype switch for IgE in B lymphocytes, which enables mast cells to self-
| regulate IgE generation. However cytokines over-produced during the allergic
response may be the major factor involved in the pathology of some allergic
| diseases.
;
{ B cell switch to IgE expression is mediated by IL-4 and is regarded as a T
| helper cell-related phenomenon. IgE switch can also be induced by mast
| cell/basophil-like cells (from splenic non-B, non-T cells), activated by IgE
receptor cross-linking and/or IL-3 which results in IL-4 production by these
cells. Furthermore, activated mast cells produce their own growth factors, IL-3
and GM-CSF. Thus, activation of mast cells can provoke an ongoing local
allergic reaction as long as antigen confrontation is maintained, a process which
is sustained by further IgE production as well as renewal of mast cells. In
| certain established immune situations the IgE response may become independent
E of IL-4, namely in the spontaneous in vitro IgE expression of cells from atopic
| individuals as well as in an in vitro antigen-induced secondary IgE response of
spleen cells derived from previously immunised mice. Thus, IgE-switched B
cells by IL-4 may persist in vivo and may represent a pool of potentially IgE-

producing cells.(Heusser, Bews et al. 1991)
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Because of involving the secretion of cytokines which are key factors in the
regulation of T and B cell growth and differentiation, mast cells may take part
in immune regulation. Additionally, IL-3 and GM-CSF not only play their role
in bone marrow haemopoiesis but also influence inflammation as they have the
capacity to recruit, prime and activate inflammatory cells such as neutrophils,
macrophages and eosinophils. Secretion of these factors by mast cells in
response to allergens may therefore not only have an important role in local

tissue defence but may also take part in tumoricidal and antimicrobial activities.

1.1.5.2 Supergene family as a signal complex in immune network

Another exciting development recently in IgE receptor research is recognition of
gamma subunit as a product of a new gene family (Kuster, Thompson et al.
1990) which plays a key role in signalling processes for surface proteins in the
immune system.

Comparison between the gene structures of the gamma chain of the Fc receptor
and of the zeta chain of the T-cell receptor indicates that these genes have
evolved from a common ancestor by duplication and that they define a new gene
family. Both genes show an analogous organisation of their exons and are
located on the same chromosome. A high level of homology has been found in
three of their respective exons, and the splice sites between them are identical.
Furthermore, gamma and zeta chains are essential for surface expression of their
respective receptors (Kuster, Thompson et al. 1990). It has been found that
gamma homodimers can replace CD3{ and CD3n to form TCR signal
transduction isoforms providing stimulatory signals after antigen recognition
(Koyasu, D'Adamio et al. 1992). In addition, CD3{ can substitute for the
gamma subunit to form a high affinity IgE receptor on Xenopus oocytes injected
with mRNAs for FceRIa, FceRIP and CD3{ in the absence of FceRIy

(Howard, Rodewald et al. 1990).

The gamma subunit was found to be associated with almost all Fc receptors
containing FcyRII (Huppi, Siwarski et al. 1989); RcyRIII (Moingeon, Lucich et
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al. 1992; Alber, Kent et al. 1992) and recently FcyRI (Sandor and Lynch 1993).
All of these gamma-containing individual FcyR isoforms and TCR not only
associated with the gamma subunit but also, surprisingly, shared common
signalling pathways including tyrosine phosphorylation, calcium influx,
hydrolysis of phosphoinositides and cytokine secretion.

1.1.5.3 A member of multichain immune recognition receptors

The biochemical characterisation and molecular cloning of a number of surface
receptors found on cells of the immune system has revealed previously
unrecognised homologies in structure and function. The receptors involved in
immune recognition expressed on T cells, B cells, mast cells, basophils, normal
killer cells and macrophages share numerous similarities and have been
characterised as multichain immune recognition receptors (MIRRs)

In common with the other members of the MIRR family, FceRI consist of
antigen or Fc binding chains, the extracellular domains of which are members of
the immunoglobulin supergene family, and of associated chains, the intracellular
domains of which, express a consensus motif, (D/E-X7-D/E-X2-Y-X2-L-X7-
Y-X2-L/T) (Reth 1989). This motif was also found in the cytoplasmic domains
of Ig-a, Ig-PB, FceRIP, CD3y and CD3d as well as in the zeta family. It is
possible that the common motif found in these cytoplasmic domains of the
MIRRs reflects a commonalty of coupling to signal transduction pathways in the
different types of immune effector cell. Just as cross linkage of FceRI causes
mast cell and basophils to rapidly release performed contents of granules,
including histamine, 5-hydroxyl tryptamine and a variety of enzymes (Metzger,
Alcaraz et al. 1986) degranulation could be caused in both cytotoxic T
lymphocytes and NK cells as a result of the receptor cross-linkage (Takayama,
H J Exp. Med., 166: 725 -743) .
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1.2 SOLID PHASE PEPTIDE SYNTHESIS:
BACKGROUND AND IMMUNOLOGICAL IMPLICATIONS

1.2.1 Introduction of solid phase peptide synthesis

The introduction of the concept of solid phase peptide synthesis (SPPS) by
Merrrifield in 1963 (Merrifield 1963) considerably modified existing state of the
peptide synthesis. A general SPPS synthesis cycle consists of: deprotection of
the resin bound alpha-amino group, then washing, neutralisation and washing
of the resin. Next in the cycle is the formation of a peptide bond between the
deprotected alpha-amino group and the activated carboxyl of the next alpha-
amino protected amino acid of the sequence. This cycle is repeated until the
desired sequence is completed. When synthesis is complete, the peptide is
deprotected and cleaved from its polymer support. It is then separated from the
resin, purified and characterised. |

Since the synthesis of the first peptide Leu-Ala-Gly-Val by Merrifield in 1963,
solid phase peptide synthesis has been developed extensively by Merrifield's
group and in many other laboratories. The one particular development is so-
called Fmoc (Carpino and Han 1972) synthesis, which uses 9-
fluorenylmethoxycarbonyl (Fmoc) instead of t-Boc for a.-amino protection. The
development of the Fmoc strategy arose out of concern that repetitive TFA
acidolysis on Boc-group deprotection could lead to alteration of sensitive
peptide bonds as well as catalyse side-reactions. In tBoc synthesis the cleavage
and deprotection requires the use of dangerous HF and expensive laboratory
apparatus which is not always readily available to many researchers. By
contrast, using Fmoc strategy, the growing peptide is subjected to mild base
treatment using piperdine during Fmoc-group deprotection and TFA is required
only for the final cleavage and deprotection of the peptide-resin.
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1.2.2 Recent implications of solid phase peptide synthesis on
immunology

Modern biochemical and immunological research frequently addresses complex
problems involving the structure and function of peptides and proteins present
in minute amounts in cells, tissue or serum. The outcome of this type of
research is critically dependent on access to a large number of different synthetic
peptides in milligram quantities. Hundreds of readily available peptides are
necessary for the proper screening and location of B cell or T cell determinants,
the characterisation of the precise substrate specificity of proteolytic enzymes
and the search for peptide hormone analogues with improved properties. In
recent years, a number of elegant methods have been invented for simultaneous
peptide synthesis of a relatively large number of but in efficient amounts for
biological assays. Originally Geysen et al (Geysen, Meloen et al. 1984)
suggested the pin technology, in which the peptides were synthesised on
polyethylene rods in an ELISA-type arrangement grafted with acrylic acid and
derivertised with hexamethylene diamine. The peptides formed in nanomolar
amounts with Fmoc-amino acid-O-pentafluorophenyl esters were irreversibly
linked to the rods, and the method has developed into so-called PEPSCAN
technique and found many applications in immunological assays (Geysen,
Rodda et al. 1987). Houghten simultaneously developed multiple peptide
synthesis (Houghten 1985). In this approach the growing peptides are formed
on batches of polystyrene resin enclosed in polypropylene net envelopes, and
these are brought through collective washing procedures and redistributed into
the respective containers with solutions of Boc-amino acid symmetrical
anhydrides for the next acylation. A similar approach employing sheets of long-
chain polystyrene grafted on to polyethylene film was adapted by Berg et al (
Berg, R.H., 1989) and cellulose disks by Frank et al (Frank, R. et al, 1988). T-
bag technique has also been reported (Beck-Sickinger, Durr et al. 1991).

Another major innovation was synthetic peptide combinatorial libraries which
provides a powerful tool for basic research and drug discovery (Houghten,
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Pinilla et al. 1991). The innovation permits the systematic identification of
optimal peptide ligands from a huge amount of randomly synthesised peptides.
" Pick up a needle from a hay stack " as the author described. At the same time,
Lam et al in Arizona (Lam, Salmon et al. 1991) developed a similar method
independently, which involved creating a large peptide library consisting of
millions of beads, with each bead containing a single peptide and with the
complete collection representing the universe of possible random peptides in
roughly equimolar proportions. To ensure each bead contained only a single
peptide, a "split synthesis" approach was used. The first cycle consisted of
distributing a pool of resin beads into separate reaction vessels each with a
single amino acid, allowing the coupling reactions to go to completion and the
repooling of the beads. The cycle was repeated several times to extend the
peptide chain. The synthetic peptide combinatorial libraries technique has been
successfully applied for epitope screening for monoclonal antibodies, discovery
of streptavidin binding peptides, development of new potent antimicrobial
peptides, radio-receptor assays and plaque inhibition assays for HIV-1.

Probably the most exciting contribution of peptide synthesis in recent years was
for vaccine development. For a long time people realised peptide-based
vaccines will offer a number of advantages, such as safe, less side-reactions,
only those sequences stimulating the most desirable response contained, and
stable enough to obviate the need for cold-chains. But at the same time the
peptide requires a carrier protein, adjuvants and delivery system, and most of all
has to overcome MHC restriction problem, which have limited the application of
peptide as effective vaccines. However, recently, the isolation and sequencing
of naturally processed peptide antigens (Falk and Rotzschke 1993) revealed
allele-specific and short peptide sequence motifs, highlighting that the
elucidation of these motifs for most class I and Il HLA (MHC) type could be
expected in the near future (Hammer, Takacs et al. 1992; Pamer, Harty et al.
1991). This knowledge will dramatically reduce the number of peptides to be
investigated as possible CTL or T-helper epitopes. As far as the carrier protein
is concerned, the multiple antigen peptide system (Tam 1988) can be used to
contain B-,T- and CTL epitopes. Furthermore, linking lipopeptide such as
tripalmitoyl-S-glycerylcysteine to B,T, and CTL epitopes as a built-in adjuvant
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provides an useful design of vaccines suitable for humans (Wiesmuller, Bessler
and Jung 1992; Defoort, Nardelli et al. 1992).

Peptides have also been tried as agents to induce clone unresponsiveness to cure
autoimmune disease. A successful example was the vaccination in rats with a
23 amino acid peptide derived from the T cell receptor peptide, which lead to
prevent development of experimental allergic encephalomyelitis (EAE), an
animal model of multiple sclerosis (Gaur, Fathman et al. 1993). The use of
synthetic peptides as immunogens for developing a vaccine against human
chronic gonadotropin for contraception has been demonstrated (Jones, Bradley
et al. 1988).
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2 MATERIALS AND METHODS

2-1 SYNTHESIS OF THE PEPTIDES OF THE HIGH
AFFINITY IGE RECEPTOR AND SEQUENCE-SPECIFIC
ANTI-PEPTIDE ANTIBODIES PRODUCTION

2.1.1 Materials

tBoc protected amino acids derivatives were from NOVO Biochem (UK) Ltd. p-
Methyl-BHA-Resin HC] salt (4-methylbenzhydrylamine) and reaction vessel
filter from Applied Biosystems. Dichloromethane, dimethyl formamide,
ethanolamine, N, N-dicyclohexylcarbodiimide, N,N-diisopropylethylamine,
methanol were from British Drug House, BDH), 8-chamber slide (GIBCO
BRL), bovine sera albumin (BSA), keyhole limpet haemocyanin (KLH),
Freund's complete adjuvant (FCA), Freund's incomplete adjuvant (FIA),
Hank's balanced buffered saline (HBBS), 1-ethyl-3-3(3-dimethylamino-Propyl)
carbodiimide hydrochloride, phenylenediamine (OPD), anti-mouse IgG-
peroxidase, anti-mouse IgM-HRP, Protein A-Sepharose CL-4B, activated-
Sepharose 4B, O-phthaldialdehyde were purchased from Sigma; cell scrapper
and 96 well micro-titre plate were products of Greiner; Ovalbumin (OVA), p-
cresol and p-thiocresol were from Serva, glutaraldehyde, glass Luer-lock
syringes and syringe adapter were obtained from Aldrich. Sephadex G25
column NAP-10 was supplied by LKB-Pharmacia and 8 well flat bottomed strip
and foetal bovine serum were from ICN Flow. Ninhydrin reagents were
prepared as Monitor 1, 76% phenol in ethanol (w/v) 76 g of phenol in 100 ml of
ethanol; Monitor 2, 0.02 mM of potassium cyanide in pyridine and Monitor 3,
0.28 M in absolute ethanol.
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The peptides (shown on Table 2-1) were synthesised corresponding to the high
affinity IgE receptor cDNA sequence by Dr I. Toth and Professor W A
Gibbons' group.

Table 2-1  Amino acid sequence of the peptides obtained

PEPTIDE AMINO ACID SEQUENCE POSITION

A- E8 (¢108-150) RSWKKWKVHKVIYYKDDIAFKYSYDSNNISIR Extra-cellular
KATFNDSGSYH

A-E6 (0161 - 185) KSDKFSIAVVKDYTIEYRWLQLIFP Extra-cellular

B - C2 (B1-62) MDTENKFSRADLALPNPQESPSAPDIELLEAS Cytoplasmic
PPAKALPEKPASPPPQQTWQSFLKKELEFLG

B-ES5 (§77-101)  TVVCSTLQTSDFDDEVLLLVRAGYP Extra-cellular

B- C4 (B 197 -243) LOYFIGQEFERSKVPDDRLYEELHVYSPIYSAL Cytoplasmic
EDTREASAPVVS

G- C7 (¥27-62) RLKIQVRKADIASREKSDAVYTGLNTRNQETY Cytoplasmic
ETLK

2.1.2 Solid Phase Peptide Synthesis

2.1.2.1 Instrumental set-up

An Applied Biosystems 430A automated peptide synthesiser was charged with
reagents and solvents including ethanolamine as neutralising agent. The
cartridges containing pre-weighed 0.5 mmol of Boc-protected amino acids
(NOVO Biochem., UK) were placed in the assembly lane; two cartridges for
each amino acid were used for double coupling procedure. The reaction vessel
was washed thoroughly with methanol, then with dichloromethane (DCM).
The reaction vessel paper was wetted with several drops of methanol, and the
vessel assembled. Finally, the 0.806 g of p-Methyl-BHA-Resin (0.5 mmol,
0.62 mmol/gram, Applied Biosystems, UK) was added into the vessel, swelled
in DCM for 5 minutes and followed by three one-minute washes with DCM.
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The deprotection steps were carried out with trifluoroacetic
acid/dichloromethane (TFA/DCM) and the resin was suspended in DMF for 2-3
minutes and followed by three one-minute washes with DMF and two one-
minute wash with 10% DIEA/DMF. After final three one-minute washes with
DMF, the first amino acid was added.

2.1.2.2 Amino acid activation

A preformed (alpha-amino protected) amino acid symmetric anhydride (PSA)
was utilised as the acylating (activated) species. The PSA was generated with
conditions optimised for each amino acid. The procedure for generating an
amino acid PSA consisted of reacting 0.5 equivalents of DCC with 1.0
equivalent of protected amino acid in dichloromethane (DCM). After completion
of the activation, the PSA/DCM solution was filtered away from the DCU
precipitate. The remained DCU was dissolved and washed to waste.

2.1.2.3 Solvent Exchange

When preparation of the amino acid PSA solution for the coupling reaction was
completed DCM was replaced with N,N-dimethylformamide (DMF). Individual
PSAs have variable stability in mixtures of DCM and DMF and even greater
variation in stability was exhibited in DMF alone. Therefore, the solvent
exchange process was conducted within a time span that prevented significant
degradation of the PSA. This was accomplished by carefully controlling the
temperature during the solvent exchange process. Heating was applied during
solvent exchange to compensate for the rapid cooling associated with DCM
evaporation.

40



Materials and Methods Chapter 2

2.1.2.4 Deprotection, Neutralisation and Coupling

The peptide chain assembly was conducted in the reaction vessel on the
insoluble resin, the carboxyl-terminal of the desired amino acid was attached to
the resin by a special organic linker. Before the coupling reaction, deprotection
and neutralisation of the resin-bound peptide were performed. Deprotection was
accomplished with a trifluoroacetic acid/dichloromethane (TFA/DCM) mixture
and followed by neutralisation with a N,N-diisopropylethylamine/N,N-
dimethylformamide (DIEA/DMF) solution. The alpha-amino deprotected peptide
was then washed with DMF in preparation for peptide bond formation with the
incoming PSA. The coupling reaction resulted in the covalent attachment of the
activated carboxyl of the alpha-amino protected amino acid to the deprotected
alpha-amino group of the resin-bound peptide.

2.1.2.5 Monitoring of coupling reactions

To monitor the progress of the coupling reaction, the ninhydrin reaction was
used to detect the remaining free alpha-NH2 colorimetrically. The samples of
synthetic peptide-resins collected by the synthesiser after the coupling reaction
were weighted and washed twice with 50% methanol in dichloromethane and
dried under vacuum at room temperature. About 10 mg of dry resin was
weighed into a 10 x 75-mm test tube and 2 drops of Monitor 1, 4 drops of
Monitor 2 and 2 drops of Monitor 3 were added. The tubes were mixed and
placed into a heater block preadjusted to 100 ©C for 5 minutes . The sample was
filtered through a Pasteur pipette containing a tight plug of glass wool, and
rinsed twice with 0.20 ml of 0.5 M Et4NCl in CH,Cl; then the volume made up
to 4 ml with 60% ethanol. The absorbance of the sample filtrate was measured
against the reagent blank at 570 nm.
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2.1.2.6 Deprotection of Boc-amino acid

When the last Boc-amino acid had been added, a complete deprotection cycle
was carried out as follows. The resin with peptide was put into a shaking filter
vessel and washed three times with DCM while shaking and filtered. The resin
was then deprotected by twice washing with 65% TFA/DCM, one for 1 minute,
another for 10 minutes. After one minute neutralisation with 10% DIEA/DCM
the resin was washed three times with DCM. The neutralisation with 10%
DIEA/DCM was repeated once and followed by 5 times washing with DCM. In
the end, 0.5 g dried resin out of total 0.825 g was taken for further cleavage
while others were stored at -70 OC.

2.1.2.7 Standard HF cleavage

0.5 g of resin with peptide was placed in a Teflon reaction vessel and 1 ml of p-
cresol and 1 ml of p-thiocresol (Serva, UK) as scavengers were added into the
vessel. Then the vessel was cooled for 10 min in liquid nitrogen, and a magnetic
stirring bar was slid down the wall of the vessel by the external application of
magnet source. The reaction vessel then was screwed onto the HF line and
evacuated for 1 minutes . The HF container was opened and 10 ml of HF was
condensed onto the peptide resin. The reaction proceeded with magnetic stirring
during 1 hour in ice cold water. After the HF had been evaporated for 10
minutes, the vessel was disconnected and evaporated for a further 10 minutes to
make sure all of the HF had emptied. Finally, a viscous mixture of resin,
peptide and scavenger was left in the reaction vessel. This mixture was then
washed three times on sintered glass with anhydrous ethyl acetate to precipitate
the peptide and remove the scavengers. The peptide was eluted with a solution
of 50% acetic acid in water and lyophilised. Finally, 0.106 g of the crude
synthetic peptide was obtained.
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2.1.3 Purification of the Peptide
2.1.3.1 Gel filtration

The crude peptide was dissolved in carbonate buffer (pH 9.6, 0.05 M) by
vortex mixing, centrifuged and filtered through a 0.45 u nylon filter Millipore,
UK). The solution was passed through an NAP-10 column (Pharmacia) to
remove chemicals. Briefly, the column was equilibrated with 15 ml of
carbonate buffer, equivalent to three complete refills of the column. For each
run, one millilitre of sample was applied onto the column and eluted with 1.5 ml
of buffer. The products were combined and lyophilised to be further purified by
preparative HPLC.

2.1.3.2 Preparative and analytical HPLC

The product obtained from several separate gel filtration columns was further

purified on a Preparative Vydac C4 column, eluted at 3 ml min-! with a gradient
of 15% - 100% B over 60 minutes. (where A is 0.1% TFA in H2O and B is 80

% Acetonitrile in 0.1% TFA). Column fractions were collected manually and
the product-containing fractions were combined and lyophilised. Analytical
HPLC was carried out as preparative HPLC except that the analytical Vydac C4
column and a flow rate of 0.5 ml min-! were used.

2.1.4 Production of antibodies against peptides

2.1.4.1 Conjugation of peptide to carrier proteins

Glutaraldehyde method: The peptide and carrier protein were mixed in 0.01
mol/L , pH 7.4 PBS at ratio of 5 to 20 mol peptide /per mol carrier protein in an
Eppendorf tube depending on the peptide and carrier used. Glutaraldehyde
(Aldrich, UK) was added to the tube to make a final concentration of 1%. The
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conjugation procedure was carried out for 40 minutes at room temperature with

stirring.

Carbodiimide method: 1.2 mg purified peptide was dissolved in 1 ml of
distilled water, the pH adjusted to 5.0 with KH2PO4, the sample pipetted into a
5 ml test tube containing 10 mg of EDC.HCI ( 1-Ethy-3-3(3-dimethylamino-
Propyl) Carbodiimide HCl, Sigma, UK) and mixed at room temperature for 5
minutes. 0.5 ml samples were separately mixed with 1 ml of pH 9.6 carbonate
buffer containing 2.7 mg of BSA and 4.5 mg of KLH. The mixtures were

kept at room temperature under stirring for two hours.

Removal of chemicals: Two methods were used for removing chemicals. With
dialysis, the samples were transferred into a Visking bag (10 mm, Serva,UK)
after 2 hours of reaction and then dialysed against PBS for 24 hours; PBS (200
ml) was changed 5 times. For gel filtration, an NAP-10 column (Pharmacia,
UK) was equilibrated with about 15 ml of desired buffer (three refills,
equivalent to three times the void volume of the column) and the sample applied
in 1 ml of volume. The void volume of sample was first eluted and up to 1.5 ml
of sample was collected.

2.1.4.2 Immunisation procedures

The appropriate volume of the immunogen solution in saline ( 0.5 ml for rabbit
and 0.2 ml for mouse) was drawn into a 2 ml syringe with the 20-gauge needle,
excluding all air, and the aqueous immunogen phase was vigorously injected
into a bijou bottle containing an equal volume of appropriate adjuvant and then
the complete volume carefully withdrawn into the syringe without addition of
air. The syringe, with sample, was connected with another syringe by using
double-end adapter system. The emulsion was worked from one syringe to the
other many times until the white emulsion became stiff and difficult to work
further. The emulsion was then passed from the syringe into the bijou and back
repeatedly without taking up air until a stable water-in-oil emulsion was formed
showing no dispersion when a drop was allowed to fall from the needle into
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clean cold water. The completed emulsion was returned to the bijou bottle and
withdrawn into a 2 ml disposable syringe with an appropriate-sized needle.

A rabbit was wrapped in a towel with the back exposed and the sites along the
flank swabbed. 0.2 ml of immunogen with Freund' complete adjuvant was
injected into each site through the loose skin and 5 injections were given for
each rabbit using a 25 mm, 20-gauge needle. For mouse, intraperitoneal
injection was adopted. The abdomen of a mouse was swabbed with 75%
alcohol. A 10mm, 25-gauge needle attached to a 1 ml syringe was inserted into
the abdomen of the mouse and 0.4 ml immunogen with Freund' complete
adjuvant was injected each time. After two weeks, the second immunisation was
carried out with immunogen in Freund's incomplete adjuvant by the same
procedure as described above. Booster immunisation with immunogen only
was performed at the end of the fifth week.

2.1.4.3 Serum sample collection

Rabbits were bled from the rear marginal ear vein. The animal was wrapped in a
surgical cloth to leave the head exposed outwards. The site on the ear was
shaved and a very small amount of xylene was applied to the tip of the ear with
cotton wool to encourage vein dilation. The tip of a pointed scalpel blade was
used to cut across the vein and the vein compressed on the head side above the
cut. 5 ml of blood was collected into a sterilised disposable centrifugation tube
for a pilot sample of each rabbit. An alcohol swab was clamped firmly to the
cut with the fingers to stop the bleeding and during this time the xylene was
washed completely from the tip of the ear with 70% alcohol. A few minutes
after returning to the animal house, the rabbit was checked to ensure the
animal's cleaning had not opened the cut. In case of bleeding Cyanoacrylate
tissue adhesive was used for sealing the cut. To harvest the serum, the rabbit
was wrapped in a towel with the head protruding on the desk. The surface of
the ear was shaved and warmed with 70% alcohol. When the marginal ear vein
swelled, the butterfly needle with attached cannula was inserted into the vein.
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Up to 30ml of blood was bled for one rabbit. The rabbit was bled a second time
the same as above after three week intervals.

Mouse serum samples were collected from the tail. An immunised mouse was
held in a restrainer with the protruding tail which was first immersed in warm
water for 2 min to dilate the vein. The tail was dried with tissue and gently
rubbed with Vaseline and the tip swabbed in 70% alcohol. A few mm of the tail
were cut off with sharp sterile scissors and up to 0.4 ml of blood was collected
each time. The tip of the tail was compressed with an alcohol swab to complete

the operation.

2.1.4.4 Harvest and storage of the sera

The collected blood was allowed to clot for 2 hours at room temperature and left
at 4 9C overnight for the clot to retract. The serum with a minimum of red
blood cells was pipetted to 50 ml centrifugation universals with a conical base.
The serum was spun at 1,500 r.p.m. for 10 minutes to remove the remaining
red blood cells. After testing, the combined sera were dispensed as aliquot of 4
ml and stored at -20 °C.

2.2 CHARACTERISATION OF ANTI-PEPTIDE
ANTIBODIES AND TOPOLOGICAL STUDY
OF THE RECEPTOR WITH THE ANTIBODIES

2.2.1 Cell culture

The rat basophilic leukaemia cell line (RBL-2H3), a generous gift from Drs El-
Sayed K. Assem and B. Wan, University College London, UK (Ezeamuzie, et
al 1990) or hepatoma cell line (CB862 HTC, ECACC) was cultured routinely
on 25 cm? or 75 cm? flasks (Flow) in RPMI 1640 culture medium, (Flow)
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supplemented with 15% foetal calf serum (Flow) and 2 mM L-glutamine (Flow)
in a 5% CO; incubator at 37 ©C. The cells were subcultured twice a week by 3
minute incubation at 37 9C with Trypsin-EDTA solution (Flow) or scraped with
a cell scrapper (Flow, UK) and finally resuspended to approximately 1-2 x 105
cells per ml; 5 ml of cells were used for 25 cm? flask and 15 ml of cells for 75
cm? flask.

2.2.2 SDS polyacrylamide gel electrophoresis

Complete details of the gel system was essentially described by Laemmli
(Laemmli 1970). Here the protocol recommended by manufacturer's manual for
electrophoresis equipment Mini-Protean II Dual Slab Cell (Bio-Rad
Laboratories, UK) was adopted. Briefly, for 12.5% SDS-PAGE, separating
gel consists of 2.5 ml 1.5 M Tris-HCI, pH 8.8; 4.2 ml 30.8% Acrylamide/bis;
50 ul 10% (w/v) ammonium persulfate and diluted up to 10 ml with distilled
water. 5 ul TEMED was added to polymerise the gel. 4% stacking gel used
included 2.5 ml 0.5 M Tris-HCI, pH 6.8 ; 1.3 ml Acrylamide/bis; 50 ul 10%
(w/v) ammonium persulfate and diluted up to 10 ml with distilled water. 10 ul
TEMED was added to polymerise the stacking gel. For 0.75 mm thickness gel
the total volume of 3.5 ml was used for one plate while for 1.5 mm thickness
gel the total 7.0 ml was used. Tris-glycine, pH8.3 with 0.1% SDS (3 g of Tris
base, 14.4 g glycine and 1 g SDS in 1000 ml of buffer) was used as running
buffer. Laemmli buffer with or without 5% mercaptoethanol was used for
sample buffer. A Mini-Protean II Dual Slab Cell (Bio-Rad Laboratories,UK)
with power supply was used as electrophoresis equipment.

2.2.3 ELISA for antiserum binding to the peptides
100 ml of carbonate buffer (0.01 M, pH 9.6) containing peptide-BSA (4-10
ug/ml) was added to each well in a 96 well plate and . The plate was coated at

40C overnight and washed three times with 0.02% Tween-20 in 0.01 M PBS,
pH 7.4 (washing buffer) and dried at a ventilation hood. The plate with dried
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monolayer cells were washed three times with washing buffer, 200 ul per well
each time. For primary antibody binding, the serum was diluted 100 fold with
the reaction buffer (10% bovine serum in washing buffer) as the starting
sample. A series of 10 times dilution was made and 100 ul of sample was added
into each well in the plate, and incubated at 37 ©C for 1 hour. The unbound
antibody was discarded and the plate was washed three times. 100 ul of the
appropriate concentration of anti-rabbit antibody labelled with horseradish
peroxidase in the reaction buffer was added and incubated for another 1 hour at
37 OC and washed the same as before. The plate was incubated with 100 ul of
O-phenylenediamine (Sigma, in 10 ml of citrate buffer, pH 5.5, 0.1 ml of 3%
H70») for 30 min at 37 ©C. The reaction was stopped by addition of 100 ul of
5 M H3SO4 and the absorbance monitored at 495 nm using a Titretek ELISA
reader (Flow Labs, U.K.)

2.2.4 CELISA for antiserum binding to intact cells

For Cellular Enzyme Linked Immunoadsorbent Assay (CELISA), rat basophilic
leukaemia cells were cultured in 96 well cell culture plates with the starting
concentration of 2 x 105 cells per ml media. When the cells grew to monolayer,
the plate was washed three times with 0.01 M PBS, pH 7.4 and dried at a
ventilation hood. The plate with dried monolayer cells were washed three times
with 200 ul of 0.01 M PBS, pH 7.4 per well each time. For primary antibody
binding, the serum was diluted 100 fold with the reaction buffer (10% bovine
serum in washing buffer) as the starting sample. A series of 10 times dilution
was made and 100 ul of sample was added into each well in the plate, and
incubated at 37 OC for 1 hour. The unbound antibody was discarded and the
plate was washed with 0.01 M PBS, pH 7.4 three times. 100 ul of the
appropriate concentration of anti-rabbit antibody labelled with horseradish
peroxidase in the reaction buffer was added and incubated for another 1 hour at
37 OC and washed. The plate was incubated with 100 ul of O-
phenylenediamine (Sigma, in 10 ml of citrate buffer, pH 5.5, 0.1 ml of 3%
H70,) for 30 min at 37 ©C. The reaction was stopped by addition of 100 ul of
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5 M H3S04 and absorbance was monitored at 495 nm using a Titretek ELISA
reader (Flow Labs, U.K.)

2.2.5 Purification of Antibodies by Affinity chromatography

The required amount of CNBr-activated Sepharose 4B was weighed (1g dried
gel equals to 3.5 ml of final gel volume), reswelled and washed on a sintered
glass filter (G3) with 1 mM HCI; 200 ml was needed for every gram of gel and
equilibrium with the coupling buffer (0.1 mol/L NaHCO3). The protein to be
coupled was dissolved in 0.1 M NaHCOj3 solution, to a concentration of 5-10
mg protein per ml for each ml gel used. The protein solution was mixed with gel
suspension and spun in an end-over-end mixer for 2 hours at room temperature.
The remaining active groups were blocked with 0.2 M glycine pHS8.0 after
removing coupling solution by centrifugation. The excess protein and blocking
agent were washed out in a sintered glass filter as follows: (a), 0.1 M
NaHCO3, pH8.3 50 ml; (b), 0.1 M Acetate buffer, pH4.0, 50 ml; (c), 0.1 M
NaHCO3, pH8.3, 50 ml. The column with affinity gel was equilibrated with 20
ml of 0.01 M PBS, pH 7.4 before purification. 2 ml of anti-sera was diluted
with equal volume of 0.01 M PBS, pH 7.4 and applied onto the affinity
column. The non-binding protein was washed through with 0.01 M PBS, pH
7.4 and specific antibodies were eluted with 0.02 M glycine-HCI, pH 2.8. The
elute was neutralised immediately with powder NaHCO3,

2.2.6 Immunoblotting of the cellular proteins with anti-peptide
antibodies

106 RBL-2H3 cells in a 1.5 ml Eppendorf tube were lysed by addition of 50 ul
of lysis buffer containing 0.5% appropriate detergent with 10 mM EDTA
(Sigma, UK), 20 uM leupeptin (Sigma, UK), 20 uM pepstatin A (Sigma, UK),
2 mM phenylmethylsulfonyl fluoride (Sigma, UK), 200 uM Na3VO4 (BDH,
UK) and 20 uM Na3MoOy4 (Sigma, UK). The same volume of Laemmli sample
buffer (Laemmli 1970) with or without mercaptoethanol, was added into each

49



Materials and Methods Chapter 2

tube and boiled for 5 minutes .The materials were clarified by centrifugation at
10,000 rpm for 5 minutes. The proteins were separated in an SDS, 12.5%
polyacrylamide gel (PAGE) in a Mini-Protean II Dual Slab Cell (Bio-Rad
Laboratories, UK) and transferred onto a nitro-cellulose membrane (0.45 p,
Pharmacia, UK) with a semi-dry blotter (Bio-Rad Laboratories, UK). The
Towbin transfer buffer, 25 mM Tris, 192 mM Glycine, 20% methanol, pH8.3
was used for transfer. The nitrocellulose sheet was blocked for one hour with
Hank's balanced buffer (Sigma, UK) containing 0.05% Tween-20 and 10%
new born calf sera (Flow, UK).

Chemiluminescent detection of immunoblots was established based on enhanced
chemiluminescence reported previously (Thorpe, Kricka et al. 1985). Briefly,
the blot sheet with HRP labelled bands, was rinsed in an enhanced
chemiluminescent buffer consisting of pH 8.5, 0.1 M Tris-HCI with 22 mg of
Luminol (Sigma, UK), 9 mg of p-lodophenol (Aldrich, UK) and 30 pl of 30%
H20; every 100 ml buffer for 30 seconds and sealed in a transparent plastic
bag. The sheet was exposed onto one piece of light sensitive film such as
Hyperfilm-ECL (Amersham, UK) for 30 seconds to 10 minute depending on
the chemiluminescence intensity of the blot. The film was developed for 4
minutes at 25 OC in a solution prepared with D-76 Developer (Sigma, UK) and
fixed with Fixer (Sigma, UK) for 10 minutes.

2.2.7 Immunofluorescence Staining

The RBL-2H3 cells were grown on a multi-well chamber microscope culture
slide (GIBCO/BRL, UK) for 48 hours. The culture medium was removed and
the slides washed twice by filling the chambers with Hank's balanced salt
solution (HBSS). For cytoplasmic antigens, the slides were fixed for 2 minutes
in acid-alcohol ( 1 part of 1% HCI to 99 parts of 70% ethanol) then washed
three times in HBSS until phenol red pH indicator in salt solution turned red. If
only surface antigens were to be demonstrated the fixation with acid was
omitted. The anti-beta peptide antibody at appropriate dilution (in HBSS) was
added and incubated at room temperature for 2 hours. The slides were washed
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three times in HBSS (30 seconds each). The biotinylated swine anti-rabbit IgG
(1:100, DAKO,UK) was applied for one hour at room temperature. After
washing as above, streptoavidin fluorescein conjugate (Amersham, UK) at
1:100 was applied for 15 minutes at room temperature and washed again. The
frame was removed from the chamber and the slide was mounted with
fluorescent aqueous mountant (CITYFLOUOR, UK). The slide was viewed
with an optical microscope incorporating suitable UV light/filtration system and

the pictures were taken with the build-in camera.

2.2.8 Flow Cytometry

RBL-2H3 cells cultured in flasks were detached by treatment with Trypsin-
EDTA (Flow, UK) and washed three times with HBSS. The cells were
centrifuged in Eppendorf tubes and resuspended in 2% paraformaldehyde in
phenol red-free HBSS. For permeating cells, the cells were treated with 2%
paraformaldehyde plus 1% Triton X-100 in HBSS at 107 cells per ml. The cells
were fixed or permeated for 10 minutes at room temperature and washed twice
with HBSS. The intact and permeated cells were centrifuged and resuspended in
HBSS without calcium and phenol red, containing 0.1 sodium azide and 0.2%
BSA, respectively. 5x 106 cells in 0.5 ml were then incubated with primary
sequence-specific rabbit antibody at an appropriate concentration for 1 hour at
37 OC, then the cells were washed three times and centrifuged. Finally, 100 ul
of goat anti-rabbit IgG labelled with phycoerythrin (Sigma, UK) was added to
each Eppendorf tube and incubated for a further 30 minutes at room
temperature. The cells were then washed with HBSS three times and
resuspended in 2% Paraformaldehyde and analysed by flow cytometry with
Becton-Dickinson Flow Cytometor. Non-specific fluorescence was assessed
by pre-immune sera staining.
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2.3 THE ASSAYS FOR INVESTIGATING
THE RECEPTOR COUPLED SIGNAL TRANSDUCTION

2.3.1 DNP;13-BSA

40 mg of BSA (Bovine serum albumin, Sigma, UK) were dissolved in 2 ml 1
M sodium bicarbonate and mixed with 5 ul of DNFB (2,4-dinitroflorobenzene,
Sigma, UK). The mixture was spun slowly for 1 hour at room temperature.
The excess DNFB was removed by passing through a Sephadex G-25 NAP-10
column (Pharmacia Biosystem, UK) pre-equilibrated with Tyrode's buffer
(Sigma, UK); 1.5 ml of conjugate was obtained.

2.3.2 Mouse IgE

Anti-TNP (2,4,6-trinitrophenyl) mouse hybridoma cell line TIB-142
(ATCC,USA) was grown in MEM medium (Flow, UK) supplemented with
15% new-born calf serum (NCS, Flow, UK), L-glutamine (2mM, Flow ,UK)
starting at concentration of 2 x 103 cells per ml. The cells were subcultured
when the number reached up to 5 x 109 cells/ml. 0.5 ml of TIB-142 cells in
sterilised PBS (0.01 M, pH 7.4) was injected into abdomen of BABL/c mouse
who had been primed with 0.5 ml of Freund's incomplete adjuvant (Sigma.
UK) two weeks before use. Ascites fluid was collected during following 4
weeks. The IgE was isolated by ammonium sulphate precipitation and purified
by affinity chromatography with DNP;g-BSA as the ligand (Liu, Bohn et al.
1980). Briefly, the ascites fluid was precipitated with 30% ammonia sulphate
(pH 7.0) first and the supernatant was precipitated with 60% ammonia sulphate.
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The pellet was resuspended in 0.01 M PBS, pH7.4 and desalted by passing
through Sephadex G-25 column and the crude IgE was lyophilised and kept at
-20 OC to be purified further. For affinity chromatography, 2 g of CNBr-
activated Sepharose 4B (1 g dried gel equals to 3.5 ml of final gel volume) was
swelled and washed on a sintered glass filter (G3) with 400 ml of 1 M HCl. The
gel was equilibrated with 0.1 M NaHCO3. 20 mg DNP1g-BSA was dissolved
in 0.1 M NaHCOs3 solution and mixed with gel suspension and spun in an end-
over-end mixer for 2 hours at room temperature. The remaining active groups
were blocked with 0.2 M glycine, pH8.0 after centrifugation for removing
coupling solution. The excess protein and blocking agent were washed in a
sintered glass filter as follows: a, 50 ml of 0.1 M NaHCO3, pH8.3; b, 50 ml
0.1 M acetate buffer, pH4.0; c, 50 ml of 0.1 M NaHCO3, pHS8.3. The affinity
column was equilibrated with 20 ml of 0.01 M PBS, pH 7.4. 10 mg of crude
IgE was applied onto the column in 0.01 M PBS, pH 7.4 and non-binding
proteins were washed with PBS. IgE was eluted using 0.02 M DNP-glycine
(Sigma, UK)

2.3.3 Biotinylation of IgE

2 mg of BNHS (Biotin ester, Sigma) in 60 ul of DMF (Dimethyl formide,
BDH Ltd) was mixed with 10 mg of mouse IgE ( anti-TNP hybridoma-TIB
142, ATCC, USA) in 1 ml of 0.1 M carbonate buffer (where the ratio 1 : 7
(w/w) was used for IgE and BNHS; 1 : 15 (v/v) for DMF and buffer) and
shaked at room temperature for 1 hour. The mixture was passed through NAP-
10 column to remove excess BNHS.

2.3.4 Histamine release for RBL-2H3 cells by the receptor
coupling
3 x 106 RBL-2H3 cells were suspended in 15 ml of cell culture media and

seeded in a 24-well plate at 0.5 ml per well. The cells were cultured at 37 °C,
in 5% CO3 overnight. The medium in each well of the plate was replaced by 1
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ml of fresh media with or without an appropriate concentration of anti-TNP IgE
and incubated at 37 OC for 1 hour. The monolayer cells were washed twice
with 0.5 ml of Tyrode's buffer (Sigma, UK) for each well, then 300 ul of
DNP;3-BSA, or antibodies against the peptides in Tyrodes' buffer, was added
into each well, incubated at 37 OC for an appropriate time and the supernatant
was collected. 300 ul of 0.2% SDS was added into each well to release all
histamine and collected into a measuring vial. Histamine was assayed by an
automated fluorometer (Technicon) and release was expressed as a percentage
of total content of histamine (Siraganian and Siraganian 1975).

2.3.5 Serotonin Release for RBL-2H3 cells by the receptor
coupling

2 x 106 RBL-2H3 cells were suspended in 15 ml of culture media with 5 puCi
tritium labelled serotonin (TRK 223, S-Hydroxyl [G3H] typtamine creatinine
sulphate, Amersham, UK) and seeded in a 24-well plate at 0.5 ml per well. The
cells were cultured at 37 ©C, in 5% CO; overnight. The medium in the 24 well
plate was replaced by 1 ml of fresh media or media with an appropriate
concentration of TNP-IgE and incubated at 37 ©C for 1 hour. The monolayer
cells were washed twice with 0.5 ml of Tyrode's buffer (Sigma, UK) for each
well each time, then 300 ul of Tyrodes' buffer containing the antibodies, or
DNP;g-BSA for control experiment, was added into each well, incubated at 37
OC for an appropriate time and the supernatant from each well collected.
Another 300 ul of 0.2% SDS was added into each well to release all serotonin
which was collected into a scintillation vial. The sample was mixed with 4 ml
of scintillation liquid Optiphase (Pharmacia & LKB,UK) and counted in a
Beckman LE Beta Counter

2.3.6 The measurement of cytosolic-free calcium concentrations
in RBL-2H3 cells using fluorescent indicators
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RBL-2H3 cells were harvested from the flask cultures by trypsination or
scrapping and washed once. The cells were resuspended in RPMI 1640 media
(Flow, UK) supplemented with 10% FCS (foetal calf serum, Flow, UK) and 2
mM Glutamine (Flow, UK) at 107 cells per millilitre of media and incubated at
37 OC for 10 minutes. Then 5 ul of Fura-2AM (1 mM) was added into 1ml of
RBL-2H3 cells, up to a final indicator concentration of 5 uM. The loading was
carried out at 37 OC for 40 minutes ( for IgE saturated cells, the mouse IgE also
was added at this stage). The unused indicator was removed by centrifugation at
5,000 rpm for 5 min. and the cells were washed once with Tyrode's buffer then
suspended at 106 cells per ml of Tyrode's Buffer. A disposable Fluorimetric
Range Cuvette (4 ml volume, 10 mm Dual light paths, Hughes & Hughes
Limited, UK) with 2 ml of Fura-2 loaded RBL-2H3 cells was inserted into the
37 °C measurement chamber. The fluorescence intensities were recorded with a
CAIRN spectrophotometer (Cairn Research Ltd, UK) at Ex340/Em510 and
Ex380/Em510 respectively. When the baseline was stabilised (it took about 5
minutes) the stimulator was added to the cuvette to trigger calcium influx. The
cytosolic Catt indicator was released by adding 40 ul digitonin (final
concentration 100 ug/ml). When all indicators were released, 20 ul of EGTA
was added to chelate calcium to obtain the Cat+*-free Fura form. The signal
was continuously recorded for 10-30 min and presented as fluorescence ratio
against time (Figure 2-1 and 2-2).
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Figure 2-1 Example of ratio calibration following cell lysis

For calibration, the cytosolic Ca** indicator was released by
adding 40 pl digitonin. (Final concentration 100 pg/ml). When all

indicators were released 20 pul of EGTA was added to chelate Calcium to

obtain Cat*-free Fura form. Rmax is given by B1/B2; Rmin is given by
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C1/C2; and Sf2/Sb2 is given by C2/B2. These parameters were calculated

after subtraction of autofluorescence.

4
2 !
o
S~
= 3
F -
on
A —
.9
—
&
o 2 Stimulator
Q
& d
% T
5' 19 Digitonin
o
0 1 1 1 1 1 1 1 1 1
o (=) o [} o o (=] o (=) (=) (=]
O o~ o0 < o =] (o] oo < (=
— — (o'} on o <t <t e} o

Time (seconds)

Figure 2-2 An example of ratio calibration following cells
lysis 2 x 106 cells loaded with 5 uM of Fura-2AM were equilibrated
in 2 ml of Tyrode's buffer and 20 ul of stimulator was added into the
cuvette to trigger the cells. The signal of fluorescence were recorded
with CAIRN spectrophotometer (Cairn Research Ltd, UK) at
Ex340/Em510 (Figure 2-1 panel A) and Ex380/Em510 (Figure 2-1
panel B) respectively. The curve presented as the fluorescence ratio of
Ex340 to Ex380 against the time (fluorescence ratio of Ex340/Ex380
represents the concentration of free Calcium inside cells). For
calibration, the cytosolic Cat indicator was released by adding 40 ul
digitonin. (final concentration 100 ug/ml). When all indicators were
released 20 ul of EGTA was added to chelate Calcium to obtain Cat*-
free Fura form.
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3 RESULTS AND DISCUSSION

3.1 SYNTHESIS OF THE PEPTIDE AND PRODUCTION
OF ANTI-PEPTIDE ANTIBODIES

3.1.1 Solid phase synthesis of the beta-peptide
3.1.1.1 Synthesis efficiency for the beta peptide

The extra cellular fragment of the beta subunit of the high affinity IgE receptor,
beta 77-101 has been synthesised by solid phase peptide synthesis with tBoc
chemistry. Table 3-1 shows the sequence of the beta subunit peptide for
synthesis and the protected amino acids used for solid phase synthesis. For the
side chain protecting groups of Boc-amino acids within the whole experiment,
only those Boc-amino acids with easy cleavage of HF were adopted for
synthesis, such as 4-methyl benzyl cysteine instead of acetamidomethyl group
of cysteine.

3.1.1.2 Coupling efficiency and percent yield of target peptide

An optimised system for the formation of amino acid symmertric anhydrides
was used in the Model 430A Automatic Synthesiser. The amino acids were
coupled to the free alpha-amino group on the growing peptide chain. The
coupling was achieved with high efficiency using symmetric anhydrides at a
high concentration in an aprotic, polar solvent. The individual conditions were

automatic controls of the temperature and the solvent exchange protocol
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according to the different thermal and dimethyl formamide (DMF) stability of

each amino acid PSA.

Table 3-1 Peptide sequence to be synthesised and protected amino acids used

Residue Amino Boc Side-chain
Number Acid MW, protecting
of AA group
adopted
18 Leu 231
17 Glu 337 (OBzl)
16 Thr 309 (Bzl)
15 Ile 231
14 Phe 265
13 Ser 295 (Bzl)
12 Thr 309 (Bzl)
11 Val 217
10 Phe 265
09 Cys 325 (4-MeBzl)
08 Gly 175
07 Asp 323 (OBzl)
06 Asp 323 (OBzl)
05 Glu 337 (OBzl)
04 Thr 309 (Bzl)
03 Ile 231
02 Asp 323 (OBzl)
01 Lys 415 (CL-Z)

The basic principle of solid phase peptide synthesis requires complete reaction at
each step in order to limit the number of by-products in the final purification
steps. The progress of the coupling reaction was monitored by ninhydrin assay
in which the remained free alpha-NHj was detected colorimetrically. The
absorbency data from Ninhydrin test is shown in Table 3-2. The step yield of
coupling and overall efficiency of coupling was calculated as following based
on the amount of the free amine from the post-synthesis monitor results:

(1-amine (umol / g)) 1000

% coupled =
10° x Substitution (mmol / g)

Absorbance at 570 nM x Dilution (ml) x10°
Extinction coefficient X Sample weight (mg)

Amine (umol/ g) =
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where an effective extinction coefficient of 1.5 x 104 M-1 cm-! was used to

estimate the level of free amine.

Table 3-2 The substitution data for beta-2 peptide synthesis
Coupling Absorbance Resin Taken
Number (ng)
01( Leu) 0.042 6.4
02(Glu) 0.050 6.8
03(Thr) 0.005 6.5
04 (Ile) 0.001 7.6
05 (Phe) 0.002 6.3
06 (Ser) 0.009 7.8
07 (Thr) 0.012 8.7
08 (Val) 0.066 10.0
09 (Phe) 0.297 9.7
10 (Cys) 0.266 12.4
11 (Gly) 0.013 9.7
12 (Asp) 0.002 10.0
13 (Asp) 0.014 8.0
14 (Glu) 0.054 9.8
15 (Thr) 0.368 11.0
16 (Ile) 0.316 11.8
17 (Asp) 0.045 9.2
18 (Lys) 0.202 22.7

The final peptide purity depended on both the step yield during synthesis and

the final deprotection and cleavage techniques. For a 15-30 peptide chain

length, an average step yield of 99.0 % would produce a resin-bound peptide

product within about 75% to 87% purity. Because of high efficiency synthesis

and double coupling procedure adopted in this experiment, the higher synthesis
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efficiency for 18 amino acids peptide was expected. The Figure 3-1 shows step
yields of the peptide synthesis with an average of 99.36% calculated and the
overall synthesis efficiency of up to 89.91% (Figure 3-2).
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Figure 3-1 Step yields for beta-2 peptide synthesis
The resin samples taken by the machine were washed with
50% methanol in dicholormethane and assayed for free
amine concentration with Ninhydrin assay. The individual
coupling efficiency was calculated with the equation shown
in the text. The step yield of each coupling was plotted in the
direction of synthesis.
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Figure 3-2 Overall synthesis efficiency

The resin samples taken by the machine were washed with
50% methanol in dichloromethane and assayed for free amine
concentration using the Ninhydrin assay. The individual
coupling efficiency was calculated with the equation shown in
the text. The overall synthesis efficiency was shown by
accumulated step yield of each coupling in the direction of
synthesis.

In the absence of base, peptide bound formation with t-Boc amino acid

symmetric anhydrides is substantially free of racemization. As a result,

racemization free couplings are generally assured for this type of amino acid

addition.
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3.1.1.3 Purification of the peptide

The peptide was passed through a Sephadex G-25 column to remove small
impurities. Then peptide was further purified by reverse phase HPLC on Vydac
C4 preparative column. The major peak appeared about 31 minutes in the
profile under the condition used for HPLC and after purification only one peak
was seen in the analytical HPLC profile. Figures 3-3 and 3-4 shows the
analytical HPLC results which represent the profiles for the crude peptide after
Sephadex G-25 gel filtration and purified peptide respectively.
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Figure 3-3 Reversed-phase HPLC analysis of the
crude products A Vydac C4 analytical column was
equilibrated with 15% CH3CN in 0.1% TFA/H,O at flow rate 3
ml/min. After sample injection (Sug) a CH3CN gradient from
15% to 100% developed in 60 min. was to analyse the purity of
the peptide.
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Figure 3-4 Reversed-phase HPLC profile of purified peptide

A Vydac C4 analytical column was equilibrated with 15% CH3CN
in 0.1% TFA/H,O at flow rate 3 ml/min. After sample injection
(5ug) a CH3CN gradient from 15% to 100% developed in 60 min.
was used to analyse the purity of the peptide.

3.1.1.4 Quality control by FAB-mass spectroscopy
The identity of the purified peptide was confirmed by fast atom bombardment

mass spectroscopy (FAB/MS) and Figure 3-5 shows that the major mass peak
was located at 2069, which corresponds to the calculated value of 2069.
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Table 3-3  Amino acid sequence of the peptides obtained

PEPTIDE AMINO ACID SEQUENCE POSITION

A-E8 (0108-150) RSWKKWKVHKVIYYKDDIAFKYSYDSNNISIR Extra-cellular
KATFNDSGSYH

A-E6 (0161 - 185) KSDKFSIAVVKDYTIEYRWLQLIFP Extra-cellular

B - C2 (B1-62) MDTENKFSRADLALPNPQESPSAPDIELLEAS Cytoplasmic
PPAKALPEKPASPPPQQTWQSFLKKELEFLG

B-E5 (B77-101)  TVVCSTLQTSDFDDEVLLLVRAGYP Extra-cellular

B- C4 (B 197 -243) LIYFIGQEFERSKVPDDRLYEELHVYSPIYSAL Cytoplasmic
EDTREASAPVVS

G- C7 (y27-62) RLKIQVRKADIASREKSDAVYTGLNTRNQETY Cytoplasmic
ETLK

Table 3-4  Solubility of sequence-specific peptides in two different buffers

Buffer Peptide
A-E8 A-E6 B-C2 B-C4 B-E5 G-C7
0.01 M PBS, pH7.4 N N Y Y N Y
0.01 M CB, pH9.5 N Y Y Y Y Y

3.1.2.2 Conjugation of the peptides to the carrier protein

To decide which method to be used for conjugation, solubility of the peptides
was tested using two buffer systems in which coupling of the peptide to the
carrier protein would be carried out. The results shown on Table 3-4. Since B-
C2, B-C4 and G-C7 were soluble in 0.01 M PBS, pH7.4 their coupling to
carrier protein was done by glutaraldehyde method. For A-E6 and B-ES5,
although not dissolved in 0.01 M PBS, pH7.4, could be dissolved in 0.01 M
CB, pH9.5, carbodiimide method was utilised for the coupling. For A-E8, not
soluble in the both buffers, Glutaraldehyde coupling method was carried out in
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0.01 M PBS, pH7.4 in which the peptide suspension was formed. Both KLH
and BSA were conjugated to the peptides. KLH coupled peptides were used as

immunogen while BSA conjugated peptides were used as coated antigen in an
ELISA assay (Table 3-5).

Table 3-5 Conjugation of peptides to carrier protein

Conjugation Method Carrier

Peptide Glutaraldhyde Carbodiimide KLH  BSA ole
A-E8 Y - Y Y

A-E6 - Y Y Y

B-C2 Y - Y Y

B-ES - Y Y Y

B-C4 Y - Y Y

G-C7 Y - Y Y

3.1.3 Characterisation of the anti-peptide antibodies

The cDNA coding for the individual subunits of the high affinity receptor for
IgE (FceRI) predict an alpha subunit is a transmembrane protein of 227 amino
acids, which has extensive extracellular domains and is responsible for IgE
binding. The primary information obtained is that the extracellular portion of
the chain is sufficient to promote high-affinity binding to IgE (Blank, Ra et al.
1991) and is localised to the extracellular domain (residues 26-201) (Hakimi,
Seals et al. 1990). The carbohydrate part of the alpha chain (Pecoud, Ruddy et
al. 1981), both the beta and the gamma chains are not needed for such binding
(Hakimi, Seals et al. 1990). The analysis of functional domains of alpha chain
with IgE binding inhibitory monoclonal antibodies revealed that amino acid 125-
140 of the putative second domain is the epitope for this antibody (Riske,
Hakimi et al. 1991). The Ig-binding regions in human FcyRII and FceRI have
been identified with chimerical Fc receptors, which indicated that at least three

independent IgE binding regions exist in the alpha chain, between residues
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Trp87 to Lys!28, Tyr129 to Asp!45 and Ser!46 to Vall®9 (Hulett, McKenzie et
al. 1993).

The gamma-chains do share a region of high homology with the zeta-chain of
the TCR and has been found in other Fc receptors such as FcyRI, RcyRII and
FcyRIITA (Sandor and Lynch 1993; Huppi, Siwarski et al. 1989; Moingeon,
Lucich et al. 1992) and is believed to be a key molecule for signal transduction
(Kinet 1992). By contrast, the beta subunit has only been found so far
exclusively on mast cells, basophils and Langerhans cells involved in the
allergic response. Although both the beta and atopy genes are localised on
chromosome 11q in humans (Sandford, Shirakawa et al. 1993), the real
function of the beta subunit in the allergic response remains unknown.

In order to map the various functions of the IgE receptor to the appropriate
sequential fragments and to elucidate the roles of individual subunits and
domains. The antibodies against synthetic peptides were characterised by
different methods including ELISA, CELISA, flow cytometry and Western
blot. The antibodies not only recognised the individual subunits of the IgE
receptor under denaturing conditions but also bound to the surface on the intact
RBL-2H3 cells containing the IgE receptor. In Western blot experiments, these
antibodies demonstrated a various protein bands from RBL-2H3 cells including
authentic subunits.

3.1.3.1 Effect of carrier protein on the antibodies titre

In order to assess the possibility of Avidin-biotin complexes using as an
universal carrier system for producing antibodies to haptens, the peptide was
labelled with biotin and the complex was formed by adding avidin to the
biotinylated peptides. The mixture was administered into the abdomen of
BABL/c mice. The induced antibodies to the peptide were assayed by standard
ELISA. The results in Figure 3-6 show that the test group with peptide avidin-
biotin complex did not produce higher titre antibodies than the control group
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which were injected peptide alone. By contrast, Beta-2 peptide conjugated to
KLH gave strong carrier effects which significantly enhanced the
immunogenicity of the peptide. For producing anti-peptide antibodies the
carrier protein was always used.

1.8

Asorbence at 492

Immunization Days

Figure 3-6 Effect of the carrier protein on titre of
antibody to peptide The peptide with carrier KLH (open
square) or peptide with avidin-biotin complex (solid square) or
peptide alone (open circle) was administered into rabbits at 1st
day with FCA and boosters at 21st day with FIA and 35th day
without adjuvant. The serum was diluted 500 times and
checked by ELISA assay described in Materials and Methods.

3.1.3.2 The antibodies activities to the peptides

The peptides conjugated to carrier protein were used to immunise rabbits. When
anti-serum titre induced was satisfactory the serum was collected. To
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characterise the antibodies indirect ELISA tests were carried out with the
microtitre plate coated with BSA coupled peptides. The different carrier protein
from that for immunisation was used for coating to avoid interference caused by

anti-carrier antibodies.
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Figure 3-7 Anti-peptide antibodies binding to the synthetic
peptides The peptides coupled to BSA were coated onto a
microtitre plate overnight and a series of dilution of each serum against
the corresponding peptide was added. After incubation at room
temperature for one hour the horseradish peroxidase labelled anti-rabbit
antibody was added to bind immobilised specific antibody on the plate.
Then the horseradish peroxidase on the plate was stained by OPD, a
substrate of the enzyme. The stain procedure was stopped after an half
hour reaction. The colour was read at 492 nm in an ELISA reader.

70



Results and Discussion Chapter 3

The peptides coupled to BSA were coated onto a microtitre plate overnight. A
series of dilution of each serum against the corresponding peptide was added.
After incubation at room temperature for one hour, horseradish peroxidase
labelled anti-rabbit antibody was added to bind specific antibody immobilised
on the plate. Then the horseradish peroxidase on the plate was stained by OPD,
a substrate of the enzyme. The stain procedure was stopped after an half hour
reaction. The colour was read at 492 nm in an ELISA reader.

B-C2

A-E6

B-C4

B-E5

OD 492

G-C7

A-E8

128 64 32 16 8 4 2 1

Dilution of Sera Used (x 100)

Figure 3-8 Anti-peptide antibodies binding to intact
RBL-2H3 cells

RBL-2H3 cells cultured on 96 well plate were dried in a ventilation
cabinet. The plate with dried cells was incubated with 2% BSA
phosphate buffer to block non-specific binding sites. A series of
dilution of each serum against the corresponding peptide was added.
After incubation at room temperature for one hour horseradish
peroxidase labelled anti-rabbit antibody was added to bind
immobilised specific antibody on the plate. Then the horseradish
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peroxidase on the plate was stained by OPD, a substrate of the
enzyme. The stain procedure was stopped after an half hour
reaction. The colour was read at 492 nm in an ELISA reader.

The ELISA results showed that most peptides stimulated good immune
responses (Figure 3-7). Peptide B-C2 produced the highest titre of antibody
while peptide B-E5 almost failed to bind to corresponding peptide. The titre of
antibodies induced by the peptides was not relevant to the method used for
conjugating peptide to carrier protein. Thus taken peptides A-E6 and B-ES5 as
examples, both were conjugated by the carbodiimide method, but A-E6
produced a much high antibody response than B-ES5. Similarly, the titre of
antibody to B-C2 was much stronger than that of antibody to G-C7 although
both of them were stimulated by immunogens coupled to the carrier with
glutaraldehyde. The amino acid composition of peptide used as immunogen is
more important than the length of peptide for good antibody response such as
A-E6 and B-ES5, both are 25 amino acids long, A-E6 had much higher antibody
titre than B-ES.

3.1.3.3 Recognition of the antibodies by RBL-2H3 cells

The antibodies were shown to bind to the peptides which were used as
immunogens. Whether these antibodies could also bind to RBL-2H3 cells
which contained the high affinity IgE receptor had also to be demonstrated.
Since the sequences of the peptides used were derived from the cDNA coding of
the receptor on RBL-2H3. The ELISA assays for binding to RBL-2H3 cells
were carried out exactly the same as the ELISA for binding to the synthetic
peptides except RBL-2H3 cultured plates replaced the peptide coated plate.

The results in Figure 3-8 showed that the sequence-specific antibodies not only
bound to the peptide antigens, but also to the native receptor on RBL-2H3 cells
although not as strongly. The antibody B-C2 exhibited the highest binding to
RBL-2H3 cells same as that to the corresponding peptide. Antibody A-ES,
raised against a linear peptide from a loop area in the receptor, could not react
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with the native receptor indicating that this loop structure in the receptor is quite
different from that of the peptide synthesised as an open linear sequence.
Interestingly, the B-ES antibody, corresponding to a putative intracellular
sequence of the beta subunit, although it reacted weakly with the peptide, was
very highly active against RBL-2H3 cells, probably due to the procedure for
KLH coupling which could change the three dimensional structure of the
peptide which coincidentally matched the original structure of the subunit, but
different from linear peptides used as antigen in the ELISA assay. In a control
experiment, no binding of anti-peptides antibodies to non-relevant cells was
observed in a similar ELISA assay in which the plate was coated with hapatoma
cell line (CB 862 HTC, ECACC)(data not shown).

3.1.3.4 Recognition of the antibodies for RBL-2H3 cells detected
by flow cytometry

To confirm further that the antibodies recognise the natural receptor on RBL-2H3
cells flow cytometry experiments were carried out. Since the peptides represent
both extracellular and cytoplasmic fragment of the receptor, the cells must be treated
to allow the antibodies to stain the peptides both inside and outside cells. RBL-2H3
cells suspension were fixed with 2% paraformaldehyde plus 1% Triton X-100 in
HBSS for 10 minutes at room temperature to permeate the cells at 107 cells per ml.
The permeated cells were then washed twice with HBSS and resuspended in HBSS
without calcium and phenol red. The cells were stained with different anti-peptide
antisera. The results in Figure 3-9 show that all antibodies against peptide could
recognise natural fragment on RBL-2H3 cells, which is consistent with CELISA

results shown in Figure 3-8.
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goat anti-rabbit IgG and visualised by chemiluminescence assay.
Lanes A-G represent antibody to A-E6, A-E8, B-C2, B-C4, B-
ES, G-A3 and G-C7 peptides, respectively.

Three beta subunit anti-peptide antibodies (B-C2, B-C4 and B-ES5) all
recognised the 33 kD protein on the gel (Lane C, D and E) and also recognised
proteins of 45, 67 and 100 kD. The anti-peptide antibody to the whole synthetic
gamma subunit strongly recognised an expected 7 kD polypeptide while another
antibody to the cytoplasmic fragment of the gamma subunit only weakly stained
7 kD protein but with surprise, bound to 24 kD and 50 kD proteins strongly.
These two unexpected proteins will be discussed later in detail .
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3.2 TOPOLOGY AND STRUCTURE STUDY OF THE RECEPTOR
BY THE SEQUENCE SPECIFIC ANTIBODIES

3.2.1 Possible topology for the beta subunit of the high affinity
IgE receptor supported by a beta N-terminal specific anti-
peptide antibody

The alpha subunit of FceRI like most Fc receptors is one of homologous
members of the Ig supergene family and responsible for IgE binding (Hakimi,
Seals et al. 1990). The beta and gamma subunits from FceRI are not
homologous to the Ig superfamily. The gamma-chains do share a region of high
homology with the zeta-chain of the TCR and has been found in other Fc
receptors such as FcyRI, RcyRII and FcyRIIIA (Sandor and Lynch 1993;
Huppi, Siwarski et al. 1989; Moingeon, Lucich et al. 1992) and is believed as a
key molecule for signal transduction (Kinet 1992). By contrast, the beta
subunit has only been found so far exclusively on mast cells, basophils and
Langerhans cells involved in the allergic response. Although its genetic linkage
with atopy, both are localised on chromosome 11q in human (Sandford,
Shirakawa et al. 1993), the real function of the beta subunit in allergic response

remains unknown.

The genes for the beta subunit from mouse (Ra, Jouvin et al. 1989), rat (Kinet,
Blank et al. 1988) and human (Maekawa, Imagawa et al. 1992; Kuster, Zhang
et al. 1992) have been cloned. A topographical model (Figure 3-11) for the beta
subunit has been deduced based on hydrophobicity profiles predicted from its
nucleotide sequences (Blank, Ra et al. 1989). The beta subunit does not appear
to possess a leader peptide and the polypeptide was proposed to cross the
plasma membrane four times corresponding to its characteristic hydrophobic
regions. The hydrophilic amino and hydrocarboxyl termini were both proposed
to be on the cytoplasmic side of the plasma membrane because they did not
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the peptide was covalently bound to. The specific antibodies bound to the
peptide were eluted using low pH buffer. The purity of the antibodies was
checked on 12.5% SDS-PAGE under the reducing conditions (Figure 3-12).
The major bands detected included the heavy chain of IgG around 50 kD, a
broad weak stain between 23,000-27,000 and some albumin contamination at
66 kD. These purified anti-beta antibodies retained their high binding capacity
to intact RBL-2H3 cells on CELISA and the binding could be inhibited
completely by adding enough free peptide which confirmed the binding was due
to recognition of the specific sequence 1-62 of the beta subunit on the RBL-
2H3 cells.

3.2.1.2 The proposed topology for beta subunit supported by
anti-beta peptide antibodies which recognise both intact and
permeated cells

The characterisation of cDNA for the beta subunit from rat showed that the gene
encodes a polypeptide chain of 243 residues with no leader sequence. A
hydropathicity plot suggested that the polypeptide crosses the plasma membrane
four times. Since two monoclonal antibodies which react with either the epitope
NH> terminus or the COOH terminus of the beta subunit bound to the sonicated
cell , it was suggested that both ends of the beta subunit are cytoplasmic (Kinet,
Blank et al. 1988). However, it was also reported that the same two antibodies
mentioned above could bind weakly to intact cells although only 10 receptors
were bound to less than one antibody (Rivera, Kinet et al. 1988).

In order to provide more evidence for the beta subunit topology binding of the
purified anti-beta sequence-specific antibody, B-C2, to both intact and
permeated cells was studied. Generally speaking, if the epitopes recognised by
the antibody are cytoplasmic, antibody binding should only occur with
permeated cells in which molecules as big as antibodies can penetrate.
Interestingly, as shown on Figure 3-13, the anti-beta subunit antibody raised
against the beta subunit NH, terminus presumably as cytoplasmic fragment,
could specifically bind to the cells which had not undergone any permeating
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procedures. The specificity of the antibody was confirmed by B-C2 peptide

could inhibit the binding (Figure 3-14).
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Figure 3-13 Specific binding activity of anti-beta
antibody for intact RBL-2H3 cells on CELISA.
RBL-2H3 monolayer cells on 96 well-plate were dried in the

hood and incubated first with anti-beta antibody, then with
HRP labelled goat anti-rabbit Ig and stained with OPD. Open
circle, anti-beta antibody; Solid circle, non-relevant rabbit

IgG as control.
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Figure 3-14 Inhibition of specific binding activity
of anti-beta antibody for intact RBL-2H3 cells on
CELISA by addition of the purified beta peptide.

RBL-2H3 monolayer cells on 96 well-plate were dried in the
hood and incubated first with anti-beta antibody (10 ug/ml)
and different concentration of purified beta peptide (0.032 to
2500 ug/ml), After washing the goat anti-rabbit Ig labelled
with HRP was added and incubated, then stained with OPD.

It may be argued that some intracellular components were exposed during the
time when the cells were dried for absorbing onto the ELISA plate. However,
the following experiments with two kind of immunofluorescent staining assays,
indicated that the antibodies not only recognised the permeated cells but also the
untreated non-permeated cells (Figure 3-15 and 3-16). For the intact cells,
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subunits. Lysis of these vesicles to expose the cytoplasmic face of the
membrane by two different methods permitted labelling of the beta and gamma
subunits with no increase in labelling of alpha (Holowka and Baird 1984). The
iodination of proteins usually occurred on tyrosine and histidine, sometimes, the
oxidation of cysteine side chain may also occur. It is not strange that exposed
NH; terminus of the beta subunit could not be labelled since this predicted
sequence contains neither tyrosine, histidine nor cysteine (Maekawa, Imagawa
et al. 1992). 2). Hypotonic shock treatment of plasma membrane vesicles from
rat basophilic leukaemia cells resulted in vesicle inversion, thereby exposing the
cytoplasmic portions of the approximately 32 kD beta and approximately 8 kD
gamma subunits to surface labelling by lactoperoxidase-iodination. These 1251-
labelled protein segments disappeared after treating inverted vesicles with
trypsin, and labelled components also disappeared when chloramine T mediated
125]-jodination was used to label receptors after inverted vesicles had been
trypsin digested and solubilized (Hammes, Holowka et al. 1989). If the NH,
terminus of beta subunit is localised on the surface of the cells the loop between
the first and the second transmembrane parts should be cytoplasmic component.
This fragment, which contains more tyrosine and cysteine, could explain why
after the cell membrane vesicles are formed, the 32 kD beta subunit become

available for iodination.

According to the positive-inside rule of von Heijne for integral membrane
proteins (von Heijne 1988; von Heijne 1985; von Heijne and Gavel 1988) the
loop between transmembrane 3 and 4 of the beta subunit for rodent is negatively
charged (less than -3) because of the number of acidic and basic residues and
should be located on the surface of the cell. However, for its human
counterpart, this loop is positively charged (+2) and should locate in the
cytoplasma (Maekawa, Imagawa et al. 1992) and is consistent with our results.

The COOH terminus of the beta subunit was expected to be located
extracellularly as well as NH; terminus according to the above result. However
this component is rich in tyrosine (Maekawa, Imagawa et al. 1992) and has
been found to contain the motif D/E-X7-D/E-X2-Y-X2-L-X7-Y-X2-L/I
involved in signalling (Maekawa, Imagawa et al. 1992) and it is most probably
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the substrate for tyrosine phosphorylation (Paolini, Jouvin et al. 1991) which
was estimated taking place inside cell. The possible explanation is that the C
terminal fragment could be associated with or hidden by another molecule which
could prevent antibody binding or even iodination. It should be an interesting
puzzle to be resolved.

3.2.2 Dimer and monomer of the beta subunit coexist in RBL-2H3
cells lysates.

As mentioned in paragraph 3.1.3.5, besides a 33 kD protein, the antisera
against synthetic peptides of the beta subunit also recognised 45, 57 and 100 kD
proteins. To exclude the non-specific binding brought in by whole sera, the
purified B-C2 antibodies were used to probe the proteins of RBL-2H3 lysates.
RBL-2H3 cells lysates were separated on 12.5% SDS-PAGE and the proteins
on the gel were transferred onto nitrocellulose membrane. The immunoblot was
carried out with the purified B-C2 antibodies followed by a second antibody
with horseradish peroxidase, and probed by chemiluminescence detection.
Figure 3-18 shows the results of a typical experiment.

All the bands except 100 kD one, observed originally by anti-sera, appeared as a
33 kD protein which represents the beta subunit (lane B), a weakly stained 45
kD and an extra 57 protein (Figure 3-18). Initially, these 45 and 57 kD proteins
were thought to be a complex combined by different ratios of the beta and the
gamma subunit. To confirm this assumption the further blotting experiments
with both anti-gamma peptide antibodies and anti-beta antibodies were carried
out. As shown in Figure 3-19, Lane A and B were reacted with the mixture of
both anti-beta and the gamma antibodies while lane C and D only detected by
anti-gamma antibodies. There were four bands being clearly stained; a 33 kD
and a 57 kD, same as those in Figure 3-18, represented the proteins recognised
by B-C2 antibodies; the other two, 24 and 50 kD respectively appeared same
position as those on Lane C and D which were reacted with only anti-gamma
antibodies. The results suggested 33 kD and 57 kD proteins did not contain any
gamma subunit. Since both bands were recognised by the same antibody, B-
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reduced samples; B and D reduced materials) were separated
on 12.5% SDS-PAGE and transferred onto nitro-cellulose
membrane and incubated with either both anti-gamma and
anti-beta antibodies (lane A and B) or anti-gamma antibody
alone (lane C and D) The binding bands were probed with
horseradish peroxidase labelled goat anti-rabbit IgG and
visualised by chemiluminescence assay.

The specific recognition of B-C2 antibody for the dimers and monomers was
demonstrated by the fact that the blotted bands disappeared when the peptide
representing the same sequence was added with the antibody. It was also
reported that a band in the 52 to 55 kD range was consistently probed by a
monoclonal antibody against the beta subunit (Pribluda and Metzger 1992). The
author attributed that to exposure to Protein A-Sepharose. This band might be
the dimer of the beta subunit as observed here. In this study no Protein A was
expose to B-C2 antibodies since it was purified by affinity chromatography with
immobilised peptide.

3.2.3 The gamma relevant protein probed by the sequence specific
anti-peptide antibodies

3.2.3.1 The gamma relevant protein probed by the sequence
specific anti-peptide antibodies

The high affinity IgE receptor consists of antigen- or Fc- or other ligand-binding
chains, the extracellular domains of which are members of the immunoglobulin
supergene family, and of associated chains with the conservative
transmembrane domains, the cytoplasmic domains of which, express a
consensus motif which represent signal molecules via tyrosine activation during

the receptor cross-linking (Reth, 1989) As one of the representative associated
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chains for MIRRs, the gamma subunit, initially found as a component of the
tetrameric high affinity receptor for IgE (Perez Montfort, Kinet et al. 1983), has
also been found to be associated with most Fc receptors including FceRI and
FcyRIII (Sandor and Lynch 1993). Furthermore, with the 55% amino acid
sequence homology to TCR (T cell receptor) zeta chains (Ra, Jouvin et al.
1989b) and associated with TCR (Orloff, Ra et al. 1990) and even replacement
TCR zeta for normal TCR function (Koyasu, D'Adamio et al. 1992), the
gamma chain has now been proposed to belong to a new supergene family
(Kuster, Thompson et al. 1990; Eiseman and Bolen 1992b).

As with its counterpart, the zeta subunit for TCR (Jensen, Hou et al. 1992), the
gamma subunit is essential for surface expression of both the high affinity IgE
receptor (Ra, Jouvin et al. 1989b) and FcyRIIla (Ra, Jouvin et al. 1989a).
Truncation studies have indicated that the entire cytoplasmic domain of gamma
plays functionally critical roles in FceRI-mediated signal transduction.
Similarly, a chimerical receptor, composed of the extracellular domain of
FcyRIITAo coupled to the transmembrane and cytoplasmic domains of gamma
was sufficient to elicit intracellular responses (Wirthmueller, Kurosaki et al.
1992). The gamma expression of the associated o chains of FcyRIIIA are
necessary not only to prevent degradation of the complex from the endoplasmic
reticulum (Kurosaki, Gander et al. 1991; Kurosaki, Gander et al. 1992) but also
are required in transducing the signal initiated by occupancy of the ligand-
binding o chain of the complex. However another study with chimeric proteins
of cytoplasmic ganlrria indicated that gamma is responsible for some, but not all,
of the signalling that occurs after engagement of the receptor (Eiseman and
Bolen 1992b)

It has been reported that tyrosine phosphorylation is an essential and early
signalling pathway for FceRI receptor cross-linking (Benhamou and Siraganian
1992; Benhamou, Gutkind et al. 1990; Eiseman and Bolen 1992a). There is a
shared motif of the gamma subunit among individual members of the family.
The motif contains the tyrosine which could be phosphorylated after triggering
through the receptor (Paolini, Jouvin et al. 1991). Since the receptor itself lacks
intrinsic tyrosine protein kinase activity, there must be some kinase, which is
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involved in this early event after activation of the receptor, associated with the
receptor. More recently, the src-protein-related tyrosine kinases were found to
be activated after engagement of the high affinity IgE receptor (Eiseman and
Bolen 1992a). The activated p56!Y in RBL cells and p62Yes in the mast cell line
PT-18 respectively and both kinases, could be co-precipitated with the receptor.
However, how the receptor cross-linking activated these tyrosine kinases and
how the phosphorylated receptor coupled to other signalling cascade that result
in degranulation and cytokine release remains unknown. The possibility exists
that there is some third party of critical elements involved in the signal
pathways.

The apparent molecular mass for gamma was reported initially from SDS-PAGE
as 20,000 which decreased to 8.5-10 kD under reducing conditions (Perez
Montfort, Kinet et al. 1983). A more accurate molecular mass of 7,139 dalton
was predicted from the deduced amino-acid sequence derived from the
complementary DNAs for the gamma subunit of RBL (Blank, Ra et al. 1989).
We show here, that a sequence specific gamma antibody recognised a 24 kD
protein from whole RBL-2H3 cell lysates by immunoblot assays and that this
protein was not reducible in the presence of mecaptoethanol. In addition to 24
kD, a protein around 55 kDwas also recognised by this antibody. Both protein
bands stained by anti-gamma peptide antibody could be inhibited by adding

purified peptide indicates that they are gamma relevant proteins.

The complete 1-62 subunit and cytoplasmic 27-62 peptide of the gamma subunit
of FceRI were synthesised as described (Chapter 2). The purified peptides were
conjugated to the carrier protein KLH to produce polyclonal antibodies in
rabbits. On checking the antisera for gamma subunit recognition with the
immunoblot assay, it was found, surprisingly, that these two sequence-specific
anti-gamma antibodies recognised different molecular weight of proteins of
RBL-2H . The RBL-2H3 cells were lysed in 0.5% digitonin without protease
inhibitors and separated on 12.5% SDS-PAGE under reducing conditions and
the blotted proteins were visualised with chemiluminescence detection. Besides
a major band around 7 kD which represented the gamma subunit as expected
(Perez Montfort, Kinet et al. 1983), the anti-peptide antibody to the whole
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gamma subunit also recognised several unknown proteins shown on the blot..
By contrast, the anti-peptide antibody to the cytoplasmic gamma domain bound
to major bands which were located at about 24 kD and 52 kD respectively
although a 7 kD protein was still weakly stained (Figure 3-21).

The molecular weight first reported for the gamma subunit was estimated on
SDS-PAGE as having an apparent molecular weight of 20,000 under the
conditions that stabilised the interaction between the o and B subunits of the
high affinity IgE receptor and it was demonstrated that it consists of a
disulphide-linked dimer of 8.5-10 kD polypeptides (Perez Montfort, Kinet et al.
1983) When run using a somewhat modified protocol which included urea, the
unreduced Y component was found to be 18,300 whereas the reduced y yielded
an apparent molecular weight of 6,600-6,900 daltons (Alcaraz, Kinet et al.
1987). The predicted molecular weight from the deduced amino-acid sequence
derived from the complementary DNAs for the y-subunit of RBL showed a
relative molecular mass of 7,139 dalton (Blank, Ra et al. 1989).

However the published results showed an calculated 14 kD gamma chain co-
precipitated with the alpha chain by IgE on a reduced SDS-PAGE separation of
solubilized RBL-2H3 cells and the author mentioned that virtually identical
results were obtained with anti-gamma-peptide antibodies (Paolini, Jouvin et al.
1991). Another paper with monoclonal antibody 4D8 to human gamma gene's
product showed that the antibody could recognise a 10 kD protein and
occasionally an extra 14 kD band. In non-reducing SDS-PAGE, an apparent 22
kD protein was observed to migrate with FceRIy (Schoneich, Wilkinson et al.
1992). The gamma subunit expressed in human T cells, natural killer cells and
thymocytes shows the molecular weight as 12 kD on the reduced SDS-PAGE
by anti-gamma monoclonal antibody 4D8 (Vivier, Rochet et al. 1991) In our
data a broad 12 kD protein was also observed in the reduced sample lane (Lane
A, Figure 3-21). It is true that the anti-gamma peptide antibodies can bind to a 8
kD protein particularly by the antibody against the whole part of gamma
subunit.
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