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Peanuts are one of the most allergenic of the foods, and hy-
persensitivity responses to peanut allergens can be fatal. Al-
though the nature of the antigenic components of peanuts is
being defined at the molecular level, there is little informa-
tion on the induced IgE antibodies, which are central to the
allergic reaction. Recognition sites of IgE antibody molecules
arise from the variable regions of heavy and light chains (Vy
and V;). By using nested polymerase chain reactions with
specific primers for the available repertoire of V genes, to-
gether with primers in the constant € region, we have ampli-
fied V sequences of IgE from blood lymphocytes of two pa-
tients with peanut allergy. After cloning and sequencing the
products, we found a predominance of Vi1 family use in
both patients, which was not found in control IgM-specific
primers. The IgE Vy; sequences were highly somatically mu-
tated, but in only six of 17 cases was there clear evidence for
clustering of amino acids indicative of antigen selection. Pre-
vious results from patients with allergy to house dust mites
have indicated predominance of V5 use and little evidence
for antigen selection. Although results from two patients al-
lergic to peanuts must be regarded as preliminary, they do
suggest that the IgE response to peanuts may have a differ-
ent Vy bias, with a similar mutational pattern. (J Allergy
Clin Immunol 1998;101:391-6.)

Key words: IgE, allergy, peanut, variable region genes, V;,
B cells

Peanut is one of the most common foods causing
acute, severe, and fatal allergic reactions, both in adults
and children.!-3 It appears to be increasing in prevalence
and is characterized by life-long persistence.* Investiga-
tion of the nature of the allergic components of peanuts
has thus far revealed two major allergens, Ara h 1 and
Ara h 256 Recently, a peanut expression library has
been used to identify sequences recognized by serum
IgE from patients, and Ara h 1 clones have been
isolated.” This has allowed production of recombinant

From the *Molecular Immunology Group, Tenovus Laboratory; and the
bDepartment of Child Health, Southampton University Hospitals.
Supported by the South and West Research and Development Director-

ate.

Received for publication Mar. 19, 1997; revised Oct. 23, 1997; accepted
for publication Oct. 29, 1997.

Reprint requests: Dr. Freda K. Stevenson, Molecular Immunology
Group, Tenovus Laboratory, Southampton University Hospitals,
Southampton SO16 6YD, United Kingdom.

Copyright © 1998 by Mosby, Inc.

0091-6749/98 $5.00 + 0 1/1/87176

Abbreviations used
Ce:  Constant region of epsilon heavy chain
CDR: Complementarity determining region

cDNA: Complementary deoxyribonucleic acid
FWR: Framework region
HDM: House dust mite

PCR:  Polymerase chain reaction
RNA: Ribonucleic acid
Vi: Heavy chain variable region
V,: Light chain variable region

peanut protein, which will help to define allergenic
sequences.®

In contrast to the refined molecular analysis of aller-
gen, study of IgE in patients with peanut allergy has been
confined to whole serum reactivities. It has generally
proved very difficult to isolate and clone IgE-producing
B cells from patients with allergies, making studies of
individual antibodies difficult.® The sites in the immuno-
globulin molecule involved in recognition of antigen lie
in the variable regions of the heavy and light chains of
immunoglobulin, Vy; and V. With the use of genetic
technology, it is now proving possible to investigate the
structures of Vy; regions of IgE by sequence analy-
sis.1® 11 The Vi region of an antibody molecule of a
normal B lymphocyte arises by genetic recombination of
a single Vy; gene from the available repertoire to a
combined Dy;-J;; gene to create a Vi-Dyy-Jy; transcrip-
tional unit. Choice of Vi is from the approximately 51
potentially functional unrearranged Vy; genes, grouped
into seven families, V;1-V47.12 The recombination pro-
cess generates heterogeneity of sequence important for
providing recognition sites for the myriad of external
antigens.'> 4 Somatic hypermutation then adds more
available sequences that can be selected by antigen,
leading to higher-affinity antibodies.!> 1 Conventional
antigens bind to the complementarity determining re-
gions (CDRs); therefore amino acid changes arising
from mutation tend to be concentrated in these sites.!”
However, some antigens bind to framework regions
(FWRs) of V4, and, because this leads to stimulation of
a wider range of B cells, these are known as “superan-
tigens.” Because the FWRs are characteristic of the Vy
gene segments and are unaffected by the recombination
process, an influence of superantigens can be deduced
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TABLE I. Profile of V,; family use in IgE and IgM sequences derived from patients with B cells
Ig sequences (n*) Vul % Va2 % Vu3 % Vud % V5 % V6 % Va7 %
Patient 1 IgE (12) 66.6 0 8.3 16.6 8.3 0 0
Patient 2 IgE (5) 60.0 0 40.0 0 0 0 0
IgE sequences (17) (Mean) 63.7 0 17.6 11.7 5.8 0 0
IgM sequences (14)F 14.2 7.1 28.5 35.7 7.1 7.1 0
(Mean)
Expected usef (Mean) 21.5 5.8 43.1 21.5 3.9 1.9 1.9

*Number analyzed.
fTFrom a cDNA pool of four patients allergic to peanuts.
fCalculated from the available repertoire.

by asymmetry in use of certain genes in responses to
antigen.!® This has been well described for the antibod-
ies against staphylococcal protein A.1°

Genetic studies of Vi from IgE in blood lymphocytes
of patients with atopic dermatitis and allergic asthma
have also indicated a possible asymmetry in gene use,
with evidence for increased involvement of the V5
family.!% 1! A further feature of the V45 sequences is a
high degree of somatic mutation but a pattern of muta-
tions that did not indicate a role for antigen selec-
tion.!% 11 These findings led to the suggestion that the
house dust mite (HDM) allergen may be acting as a
B-cell superantigen.!” This study describes a similar
study of V; use by IgE in patients with allergy to peanuts
and indicates possible bias to a different V; family.

METHODS
Patients and cell preparation

Approval for this study was obtained from the local
Southampton University Hospital Ethical Committee. Two
patients with a clinical history of hypersensitivity to peanuts
were studied. Both were female and had positive reactions to
skin prick tests against peanut extract. Patient 1 (age 23 years)
had a total serum IgE of 330 kU/L and peanut-specific IgE of
RAST class 4. However, she had multiple allergies, with
additional skin prick test reactions against grass pollen, milk,
egg, and other nuts. Patient 2 (age 15 years) had a total serum
IgE of 220 kU/L and peanut-specific IgE of RAST class 6. This
patient appeared to have the single allergy, with no further
detectable specific IgE reactivities. Both patients reacted posi-
tively to a challenge of peanut rubbed onto the lower lip, with
patient 2 showing lip swelling and patient 1 showing pharyngeal
pruritus and ear itch. Peripheral blood mononuclear cells were
isolated from 50 ml blood samples by Lymphoprep (Nycomed,
Birmingham, England) density gradient centrifugation.

Preparation of cDNA, amplification, and sequence
analysis of V,, genes in IgE (V,-Ce)

To bias the genetic analysis toward functional genes, ribonu-
cleic acid (RNA) was used as source material.?’ Total RNA was
isolated from the peripheral blood mononuclear cells by using
RNAzol B (Cinna Biotecx, Houston, Tex.), and complementary
deoxyribonucleic acid (¢cDNA) was prepared with an oligo-dT
primer and the AMV reverse transcriptase system (Promega,
Madison, Wis.). For analysis of V; genes in combination with
the constant region of epsilon heavy chain (Ce), a nested
polymerase chain reaction (PCR) was applied.!! The primary
PCR amplification was carried out with a mixture of 5'-

oligonucleotide primers, specific for the Vi leader sequences of
families V;1-6,>! together with a 3’-primer specific for the first
exon of the e-constant region.!? This was followed by a second
nested PCR, with a mixture of inner oligonucleotide 5'-primers
based in the FWR 1 of the Vy; families,”? together with an
internal 3’-Ce primer.!° For testing the Vy; primer mixes for
possible bias, the same nested approach was used with a pool of
cDNA from four patients with peanut hypersensitivity, includ-
ing patients 1 and 2. For this, the outer and inner 3'-Ce primers
were replaced by primers based in the Cp constant region Cpuy
(outer): 5'-GGG TTG CCG AAG AAG CCG-3'; Cpsgp (in-
ner): 5'-AGG CAC GTT GTC GAC TTT GTT GCC GTT
GGG GTG CTG GAC TTT GCA-3'. Conditions for the PCR
reactions were as described.

All PCR products were gel-purified, ligated into pGEM-T
vector, and used to transform JM109-competent bacteria (Pro-
mega). Clones were sequenced as described,?® and sequences
were analyzed by searching European Molecular Biology Li-
brary and current databases (V Base sequence directory: I.M.
Tomlinson et al., MRC Centre for Protein Engineering, Cam-
bridge, U.K.), with MacVector 4.5.3 software.

Analysis of mutational patterns in V,, genes

The number of expected replacement mutations in the CDR
was calculated according to the method of Chang and Casali.>*
The binomial distribution model was used to calculate whether
the excess or scarcity of replacement mutations in CDRs or
FWRs resulted by chance.?*

RESULTS
V4, sequence profiles obtained from IgE

The profile of Vy; family use found in IgE from the
two patients is shown in Table I. For patient 1, a total of
12 distinct clones was identified, with several of these
being obtained as repeated sequences, as indicated in
Fig. 1, A. For patient 2, only five distinct clones were
identified, with many repeated sequences (Fig. 1, B).
These same sequences were obtained from patient 2
through four separate PCRs, indicating that the avail-
able V;-Ce transcripts were limited. Each of the 17
individual V;-Ce sequences was potentially functional
and was derived from a single B cell. Sequences have
been compared with the closest germ line Vi, gene in the
database. As seen in Table I, the majority of sequences
from both patients were derived from the V1 family
(eight of 12 and three of five for patients 1 and 2,
respectively). This is also shown in Fig. 1, 4, with the
germ line genes 12M28 and DPSS, both from the Vi1
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~CDR1-| [ CDR2-----~ | |==m CDR3~----—- |
Vi-2 OVOIVOSGAEVKKPGASVKVSCKASGYTFT GYYMH WVRQAPGOGLEWMG WINPNSGGTNYAQKFQG RVIMIRDTSISTAYMELSRLRSDDTAVYYCAR
CoO 8.4 (2) Y-n D r----r- Vy- N DVPDTHFL IWLEPWGRGTLVTVSS JySb
co 4.1 (2) P RR T-==== v---aS NRDWYCSGGSCYSD DAFDIWGQGTMVIVSS JH3b
V1-46 QVOLVOSGAEVKKPGASVKVSCKASGYTFT SYYMH WVRQAPGOGLEWMG IINPSGGSTSYAQKFQG RVIMIRDTSTSTVYMELSSLRSEDTAVYYCAR
CO 15.4 (3) E----------- k-mommn L---T-ED--- N-FI-  --r----H------ L---N--TtKF--k--- r--It K---1 T DGGPESP FWLLGQGTLVIVSS Jydb
Co 4.4 (2) Gmm== mmmmmmmmmmoe - K--T- Q- CGELSC CWAQGTLVTVSS Jyda
CO 9.1 (2) ==mmmmm==mmmR--Temmmmmmmmmeees oo KV---R -L ry r QGSCSGGTCY FFDS WGQGTLVRVSS JH4b
V1-18 SYGIS  WVRQAPGQGLEWMG WISAYNGNTNYAQKIQG RVIMITDTSTSTAYMELRSLRSDDTAVYYCAR
co 17.4 (1) §---- g -i Y--D---- rY--K DNYQLLWE YWgQGTLVSVSS Jpda
12M28 QVOLVOSGAEVKKPGSSVKVSCKASGGTFS SYALS WVRQAPGQGLEWMG GIIPILGIANYAQKFQG RVTITADKSTSTAYMELSSLRSEDTAVYYCAR
co 8.1 (2) R W -DG-- g A ORI P Ttsta: Lim==-- YTLLGVVSH YNYHYYMDVWGQGTTVTVSS JHéb
DP88 OVOLVOSGAEVKKPGSSVKVSCKASGGTFS SYATS — WVRQAPGQGLEWMG GIIPIFGTANYAQKFQG RVTITADKSTSTAYMELSSLRSEDTAVYYCAR
€O 11.1 (2) E--r-- Comm oo m e B--——n ST NS--T  —mmmmmmmom @-n= R----= ORT--a===-~ --t-Ta----TIV-=-1~~-T--==-ommmnc DNWFGELAVR WLDPWGRGTLVIVSS JHSh
V3-11 QVRLVESGGGLVKPGGSLRLSCAASGFTFS DYYMS ~ WIRQAPGKGLEWVS YISSSGSTIYYADSVKG RFTISRDNAKNSLYLOMNSLRAEDTAVYYCAR
co 6.1 (2) D g R --y-N P ANN---T-s--= 1----T: T~ ARD GMDVWGQGTTVTVSS JHéa
V4-74 QUOLOESGPGLVKPSQTLSLTCTVSGGSIS SGDYYWS WIRQPPGKGLEWIG YIYVYSGSTYYNPSLKS RVTISVDTSKNQFSLKLSSVTAADTAVYYCAF.
o 23.4 (1) E --d---8 -Y-~-pg---G--= y----gs----- L--=  r--M-V----nH-W-N-~-~tP--S-v----~ SGAFGEPSL DVWGQGPQVPLSs Jyda
VIV-4/4.35  QVOLOESGPGLVKPSETLSLTCTVSGGSIS SYYWS ~ WIRQPAGKGLEWIG RIYTSGSTNYNPSLKS RVIMSVDTSKNQFSLKLSSVTAADTAVYYCAR
Co 10.4 (1) g--T =-y==  meemeessosooo -ee I 8= =M-==nnns] S I--——-- DESLVPATSSR AFDVWGQGTMVIVSS Jyj3a
V5 -VHVCW EVRLVOSGAEVKKPGESLKISCKGSGYSFT SYWIG WVROMPGKGLEWMG I IYPGDSDTRYSPSFQG QVTISADKSISTAYLOWSSLKASDTAMYYCAR
€O 7.1 (1) =---mes L A---N-D N--M- - L= Voo G q- € PGGTLFSPY DHWGQGTLVIVSS JH4b
Vi-69 QURLVOSGAEVKKPGSSVKVSCKASGGTFS SYAIS WVRQAPGQRGLEWMG GITPIFGTANYAQKFQG RVTITADESTSTAYMELSSLRSEDTAVYYCAR
KH 17.4 (6) E~----- g sD--- O fom mmmmm o] N-mmmme Ve DHYDSSGYYALVYS YGMDVWGQGTTVIVSS Jp6k
Vi-g OVOLVOSGAEVKKPGASVKVSCKASGYTFT SYDIN WVRQATGQGLEAMG WMNPNSGNTGYAQKFQG RVIMTRNTSISTAYMELSSLRSEDTAVYYCAR
KH 1.4 (3) E -k G---§ R g~ -N---E--- V- ---v-F--- GQLRYTRNYDRL  YYFDYWGQGTLVTVSS Jydk
KH 7.4 (4) E--m-mmmmmmmmmmmmmmmmmooooBem cmmom cmmmmeemeo o e F--- GRRGSYYESSG YYGYWGQGTLVTVSS Jpdk
V3.74 EVOILVESGGGLVQPGGSLRLSCAASGFTFS SYWMH WVRQAPGKGLVWVS RINSDGSSTSYADSVKG RFTISRDNAKNTLYLQMNSLRAEDTAVYYCAR
KH 3.4 (5) ~=-—mm—mmmmmmmmmmmmeo N L N S —— NsPT-TRFSE- H ELYDYGVS FDCWGQGTQVTVES Jdk
KH 15.4 (8) P N-—-- —-n---TH-RD-----~ r--T- VNIGGGATVINDA  FDIWGQGTMVTVSA Jy3k

FIG. 1. Deduced amino acid sequences of the V-Ce sequences derived from patient 1 (A) and patient 2 (B).
Comparisons have been made with the closest germ line genes. Upper case: replacement amino acids; lower
case: silent mutations. Replacement amino acids in J are underlined. Numbers in brackets indicate number
of repeated sequences. Accession numbers (EMBL Nucleotide Sequence Database): Patient 1 9.4 Z92888;
Patient 1 15.4 Z92889; Patient 1 4.4 Z92890; Patient 1 17.4 Z92891; Patient 1 23.4 Z92892; Patient 1 10.4 Z92893;
Patient 2 17.4 Z92894; Patient 2 1.4 Z92895; Patient 2 7.4 Z92896; Patient 2 3.4 Z92897; and Patient 2 15.4

792898.

family. Remaining sequences were from the V4 (two of
12 for patient 1), V3 (one of 12 for patient 1 and two
of five for patient 2), and V45 (one of 12 for patient 1)
families. No sequences were identified from the smaller
Vy families, V2, V16, and V;7. Dominance of the
V41 would be even greater if repeated sequences, which
might indicate expanded clones, were taken into consid-
eration.

Although numbers are small, the profile differs from
that expected on the basis of random usage of V; genes
from the available repertoire, which is dominated by the
V3 family (Table I). In fact, the apparent excess of V41
use (64% of individual clones as compared with 22%
expected) reaches statistical significance for both pa-
tients (patient 1: p < 0.01; patient 2: p < 0.05 by x*
analysis). The V; nested primers have been checked for
bias previously,!' but we have recently repeated this
check procedure by using pooled cDNA from eight
patients with asthma (Snow RE, unpublished data). For

this, the 5'-V; primers were used with 3’-mixed Jj;
primers to sample all immunoglobulin isotopes. Vy1-
derived clones made up 25%; V3 = 45%, V4 = 20%,
and V5 = 5%, figures in line with those expected from
the known repertoire (Table I). We also checked their
operation by using cDNA from four patients with peanut
hypersensitivity, by amplification from IgM sequences.
These would be expected to be derived from the wide
range of IgM-positive B cells in blood. Results obtained
(Table I) showed only 14% of clones derived from V1,
confirming no preference for V1 by using the Vi
primer mixes for IgM from these patients.

V4-Ce-deduced amino acid sequences

Nucleotide sequences of the 17 clones have been
submitted to the EMBL database. Deduced amino acid
sequences (Fig. 1) demonstrate that the CDR3 se-
quences, which represent the “clonal signature” of the B
cell, are clearly distinct in both length and composition
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TABLE Il. Analysis of replacement and silent mutations in framework regions and complementarity
determining regions of the observed V,-IgE sequences
FWR CDR
Observed Observed
% Mutation [ -
IgE sequence from germ line R S Expected R p (FWR) R S Expected R p (CDR)
Patient 1
9.4 6.2% 4 6 9.7 0.0044* 5 2 34 0.1317
4.1 4.8% 8 3 7.4 0.2087 2 0 2.6 0.2693
15.4 9.6% 7 6 14.7 0.0015* 10 3 52 0.0149*
4.4 2.6% 5 1 4.0 0.2304 1 0 1.4 0.3678
9.1 3.7% 3 2 5.6 0.6264 5 0 2.0 0.0229*
17.4 6.6% 5 6 10.1 0.0108* 4 3 3.6 0.2142
8.1 7.4% 5 6 11.3 0.0033* 7 2 3.8 0.0442*
11.1 9.2% 8 7 14.2 0.0080* [§ 4 4.8 0.1528
6.1 6.3% 5 4 9.5 0.0182* 7 1 34 0.0259*
23.4 9.1% 9 9 13.7 0.0327* 2 5 52 0.0630
104 52% 5 4 7.8 0.0728 4 1 2.6 0.1565
7.1 7.4% 11 4 11.6 0.1171 4 1 3.8 0.2171
Patient 2
17.4 2.9% 1 2 4.5 0.0136* 3 2 1.5 0.2014
14 51% 4 4 7.9 0.0252% 5 1 2.9 0.0897
7.4 1.5% 2 1 2.3 0.3628 1 0 0.8 0.4111
3.4 7.7% 4 2 11.7 0.0006* 11 4 42 0.0008*
15.4 4.8% 1 4 7.2 0.0004* 6 2 2.6 0.0228*

R, Replacement mutations; S, silent mutations; p (FWR/CDR), the probability that an excess or scarcity of replacement mutations in the FWRs or

CDRs resulted by chance.
*Denotes significant probability values.

in each case. Analysis of D-segment genes revealed a
complex pattern, with use of single and double Dy, genes
in normal and reverse orientation, and evidence for
N-region addition (not shown). Analysis of J;; genes
indicated that the majority were derived from J;;4, which
is commonly used by normal B cells.

The amino acid sequences have been compared with
those deduced from the closest germ line gene, and
inspection shows that there are many differences from
germ line sequence, apparently the result of somatic
mutational events (Fig. 1). Thirteen of seventeen se-
quences also had mutations in the J regions. The
percentage of mutation in the nucleotide sequences is
shown in Table II.

Analysis of the distribution of somatic mutations

Clustering of replacement amino acids in CDR1 and
CDR2 is considered to be indicative of conventional
antigen selection and is evident in some of the Vy
sequences in Fig. 1 (for example, KH 3.4) on visual
inspection. There is also a tendency for there to be more
replacement mutations in the CDRs than expected on a
random basis (Table II). However, significant clustering
is revealed objectively by applying a codon-by-codon
analysis of nucleotide substitutions and examining the
statistical probability of its being due to chance.?* This
has been carried out for all the V;-Ce sequences (Table
IT) and has indicated significant clustering in CDRs of
only 6 of 17 sequences, four from V1 and two from
V3. Conversely, preservation of sequence, with fewer

than expected replacement mutations, in the FWRs is
also revealed by this analysis and is present in 11 of 17
sequences (Table II). These results are consistent with
only a limited influence of conventional antigen selec-
tion on the identified sequences of the IgE binding sites.

DISCUSSION

Immunogenetic analysis of IgE-variable regions is
providing some intriguing data that may distinguish IgE
from other immunoglobulin isotypes. Evidence is accu-
mulating that appears to indicate that the IgE response
may be partly driven by “superantigens,” which bind to
FWRs of certain Vi, genes.!!: 18 Selective binding gives
rise to detectable bias in the use of those genes by IgE.
In asthma associated with hypersensitivity to HDM, a
predominant use of V5 genes by IgE has been not-
ed.!% 11 Qur initial observations have been confirmed
recently in a study of seven patients with mild HDM-
associated asthma, in which 20% of the V-Ce se-
quences obtained were derived from the V5 family, as
compared with an expected frequency of 4%.>¢ This
suggests that HDM allergen may bind preferentially to
naive B cells expressing IgM encoded by V;5 genes and
that in allergy-prone individuals, these B cells then
switch to IgE production.!"- ¢ In this sense, the allergen
is acting as a B-cell superantigen and could be mimicking
or replacing a useful broad stimulation of B cells by
parasite antigens. Clinical effects of hypersensitivity to
food allergens differ from those to HDM, possibly
because of differences in the level and timing of expo-
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sure to the inducing allergen. Food allergens such as
peanuts are ingested intermittently and possibly at high
doses, whereas exposure to HDM is usually at a constant
low level. There is also a tendency for a slow reduction
in sensitivity to HDMs in early adult life that appears not
to occur for peanuts.* Structural studies of IgE have now
suggested that a superantigen may be involved in driving
B cells in both individuals allergic to HDMs and those
allergic to peanuts but that the response is different
between the two types of allergen. Perhaps that is to be
expected because the nature of the two allergens is quite
different,” and it might be expected therefore that they
would bind to different framework region sequences in
V. It will now be interesting to compare the V; family
use of the IgE response to peanuts with that in other
food allergies. It should be noted that it has been very
difficult to amplify V;-Ce sequences from normal indi-
viduals'® (Janezic et al., unpublished findings), indicat-
ing that the identified sequences in patients are associ-
ated with allergic disease.

Although our two patients differ in having either
multiple allergies (patient 1) or a single allergy (patient
2), the pattern in the V-Ce sequences was similar.
Many more cases must be analyzed before drawing firm
conclusions about frequency of Vy; gene use, but it is
quite remarkable that both have shown a bias toward the
Vil family (64%) and low involvement of V5. Pre-
dominant transcripts from Vi1 have also been found in
a further three of three patients allergic to peanuts
(unpublished observations). This can be contrasted with
findings in the seven patients with HDM-associated
asthma in which V41 use showed no increase over that
expected from the available repertoire, varying from 0%
to 25% of sequences with a mean of 12%.!! In a study of
patients with atopic dermatitis, which is often associated
with food allergies, transcripts from the V5 family were
apparently predominant, but no information on Vy1
transcripts was available because the primers used were
only for the Vi43-V6 families.!?

Comparison of the V;-Ce sequences obtained from
the patients allergic to peanuts with the closest germ line
genes has revealed extensive somatic mutation, which
indicates that the B cells have traversed the germinal
center where the somatic mutation mechanism is acti-
vated.!® Selection of mutated sequences by antigen also
occurs at this site, with conventional antigen binding
leading to a focus of replacement amino acids in the
contact points in the CDRs.!” However, this pattern was
not seen in most sequences, possibly supporting the idea
that the influence of allergens is mainly on Vy; gene
family choice, with binding occurring outside the
CDRs.!11: 18 Tt appears that HDM allergen may select
V45, whereas, although results are preliminary, peanut
allergen may select Vy1-encoded sequences.

The application of PCR to whole blood lymphocytes
can reveal only crude Vi gene bias, with no information
on the specificity of the IgE. Currently we are developing
the approach of cell separation and single-cell PCR,
which will provide both V; and V; sequences from an
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IgE-expressing B cell. We are able to express these
sequences in phage?” and can then test the specificity of
the IgE. Clearly, this approach will allow testing of the
hypothesis that IgE binds allergens through FWR se-
quences, which has been suggested by our findings.
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