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Allergenic and antigenic determinants of latex allergen
Hev b 1: peptide mapping of epitopes recognized by human,
murine and rabbit antibodies

Z. CHEN, V. VAN KAMPEN, M. RAULF-HEIMSOTH and X. BAUR
Research Institute for Occupational Medicine (BGFA), the Ruhr-University of Bochum, Germany

Summary

BackgroundThe rubber elongation factor iHevearubber (Hev b 1) is one of the most
important latex allergen and is leading cause of latex type 1 hypersensitivity in children with
spina bifida.

Objective The aim of this study was to define the allergenic and antigenic epitopes of
Hev b 1.

MethodsThe immunoglobulin- (Ig)E and IgG antibody binding sites on Hev b 1 allergen
were delineated by enzyme linked immunosorbent assay (ELISA) using synthetic overlapping
peptides covering the whole Hev b 1 sequence. In order to improve the binding capacity and
specificity all peptides were biotinylated at the N-terminal end via a 6-aminohexanoic acid as
spacer and then adsorbed to streptavidin pre-coated microtitre plates. Fine mapping to define
the essential amino acid residues for the antibody binding was achieved by using overlapping
peptides with one amino acid offset.

Resultdt was demonstrated that the IgE epitopes were located in different regions of Hev b 1
including the C-terminal segment (121-137) and the segments with amino acid residues of
30-49 and 46-64. Two monoclonal antibodies (MoAbs) I12F3 and 114G9 raised against
purified Hev b 1 recognized the C-terminal segment only. The results of epitope mapping with
three rabbit antisera revealed that five positive peptides, including the epitope peptides 31-49,
46-64 and 121-137, were involved in the antibody-binding sites. Fine mapping on the
segments 46-64 and 121-137 showed that the two MoAbs reacted with the peptide 125-134
in the C-terminal region, whereas the peptide with amino acids 124-134 was essential for
recognition by human IgE antibodies. Epitopes to rabbit polyclonal IgG and human IgE were
also found to be involved in the amino acid residues of 47-59.

ConclusionOur results indicate that the most allergenic/antigenic portions of Hev b 1 allergen
are the C-terminal region and the region with amino acid residues of 31-64. In both regions,
the minimal IgE-binding epitope is almost identical with the 1gG-binding epitope.

Keywords latex allergy, Hev b 1, B-cell epitope, IgE, monoclonal antibodies, biotinylated
peptides, rubber elongation factor
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gloves regularly for prevention from AIDS and hepatitis etc.
[1-5]. In addition, allergic reactions to latex seem to be
IgE-mediated hypersensitivity reaction to natural rubbemarticularly frequent in patients requiring repeated surgery
latex (latex) has become a serious problem especiallpr long-term hospitalization [6,7]. The responsible allergens
among health care workers, who have to use latex-madare latex proteins which are found in raw latex and in
various latex-made products. Immunoblots performed by
Correspondence: Dr Z. Chen, BGFA, Buerkle-de-la-Camp-Platz 1, 4478yarious investigators with human sera revealed more than
Bochum, Germany. 10 protein bands from natural latex and latex glove extract
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Allergenic and antigenic determinants of latex allergen Hev b #07

which bound IgE antibodies [3,8,9]. The allergenic proteinsat 41000y for 45min at 10C. The yellow aqueous
have molecular weights ranging from 10 to 100 kDa. So falayer at the bottom of the centrifuge tube was discarded
three proteins in natural rubber latex are identified at theiland the serum free rubbery supernatant was resuspended
primary structure level. They are prohevein with a mole-in 160mL of 2% (w/v) sodium dodecyl sulfate (SDS)
cular weight of 20 kDa [10], hevamine of 29.5kDa [11] and and creamed at room temperature for 30min. The
rubber elongation factor (REF) of 14.6 kDa [12]. Recentlysample was then centrifuged again at 410@or
we have isolated and identified the rubber elongation facto#5 min at 10C to remove the visible rubber particles,
(REF) in latex gloves and in glove powder as one of theand if necessary, it was centrifuged once more. The
most important allergen in latex [13] and designated it assupernatant fluid was then filtered through a Qub
Hev b 1 according to the International Union of Immuno- filter (Sartorius AG, Gtiingen, Germany), and dialysed
logical Societies’ (IUIS) allergen nomenclature [14]. in distiled water using a cellulose dialysis tubing
Many investigators noticed that the 14 kDa protein is(Serva, Heidelberg, Germany) with a molecular mass
the most frequent IgE binding protein in latex [9,16,17]. cut-off of 6kDa for 36h at 4C. The dialysate was
It was reported that 18-45% of spina bifida patients ardyophilized and redissolved in 10mL 0.1 M ammonium
latex-sensitized [6,18]. Out of 28 latex-sensitized patientsacetate containing 0.01% NaNpH 6.8. The protein
with spina bifida tested by the Pharmacia CAP Systensolution was then loaded onto a column of Sephadex 75
(Pharmacia, Uppsala, Sweden), 24 (85%) also showeduperfine (& x 90 cm) which was equilibrated and eluted
specific IgE antibodies to Hev b 1 in the enzyme-linkedwith the same ammonium acetate buffer. Fractions of
allergosorbent test (EAST) when the protein is coupled2.5mL were collected and examined by sodium dodecyl
with the BrCN-activated cellulose disks (our unpublishedsulfate- polyacrylamide gel electrophoresis (SDS-PAGE).
results). The fractions containing the 14.6kDa protein were
The localization of B-cell epitopes is an important step inpooled, desalted by centrifugation through an Amicon
elucidating the cellular and molecular mechanisms of thenembrane, lyophilized and stored -a##0°C. The purified
immune response as well as a prerequisite for developinglev b 1 protein showed a homogeneous band in SDS-
new strategies in immunotherapy. Although many effortsPAGE by silver staining.
have been made to identify latex allergens which bind IgE
antibodies in latex-sensitized patients, there is still no report
about the analysis of allergenic and antigenic determiProtein extracts from latex sap

nants of latex allergens using synthetic peptides. Here w . 0 .
report the identification of IgE binding sites of Hev b 1 by %Arglrgfsr:;atvevirgo.;ﬁggv(ef Tt?/);viav?/ﬁhfrgrg I;I/I—hglrlr?r:gn?gri

use Of synthet'lc blotlnylateq. peptldeg ar.]d. sera of 11 I‘fjlt?xacetate buffer, pH 6.8, mixed for 30 min and centrifuged at
sensitized patients. In addition, autoinhibition assays with . )

) . : 41 000g and 4C for 45 min. The aqueous layer containing
corresponding non-biotinylated peptides were performed tg

e e - Soluble protein was carefully separated from the creamed
check the_ spgcmcn_y of the 1gE blndlng reaction. Mono- rubber pr;rticles and filteredythro?lgh a 048 membrane
C'O”ia' annbpdles ralsgd to H?V bl proteln and sera of thre‘ﬁlter. The resulting extracts were further dialysed in dis-
rabbits, which were immunized with Hev b 1 and two

protein extracts of latex saps from Thailand and Malaysia“”ed water across a 6 kDa cut-off cellulose membrane tube

were also investigated for their antibody binding to Hev b 1for 36h at 4C, then lyophilized and stored a40"C. The

i ) : : ERrotein concentration was determined by the Bradford
peptides. Furthermore, in order to define the essenti ethod using a Bio-Rad protein assay kit (Bio-Rad Labora-
residues for the binding of antibodies, a fine scanning ocr 9 b y

. o2 . ories, Munich, Germany).
allergenic and antigenic determinants was performe
using a panel of overlapping peptides with one amino acid
offset. .
Antisera
Human sera Sera from 11 latex-allergic subjects were
used as a source of IgE antibodies. Three of them were
spina bifida patients (SB). All the sera had been tested for
their concentrations of specific IgE to latex allergens by the
Ammoniated (0.7%) latex sap from Thailand (provided CAP method (Pharmacia, Uppsala, Sweden) and to HEV b
by Kautschuk GmbH, Frankfurt am Main, Germany) was1 in EAST using Hev b 1 coupled to paper disks prepared
used to isolate the Hev b 1 protein. Eighty millilitres of in our laboratory (Figs 1 and 2). Two other sera from
sap were diluted to 160 mL with 50mM Tris containing healthy non-allergic adults were used as control (neg 1 and
0.01% Triton X-100, pH 8.5, and then was centrifugedneg 2).

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 406—415
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Fig. 1. Binding profiles of IgE antibodies to the Hev b 1 protein. M

Eight sera from latex-allergic subjects were used to estimate
the binding capacity to the microtitre plate-bound Hev b 1 by
ELISA. Specific IgE concentrations to latex (CAP method) and to
Hev b 1 (EAST) are also shown. Two serum samples from healthy
non-allergic adults were used as negative controls (neg 1 and
neg 2).

Peptides

Fig. 2. Allergenicity of nine biotinylated peptides of Hev b 1 (See

Monoclonal antibodies (MoAbs)BALB/c mice were  Taple 1 for sequences) to human sera from latex-allergic subjects.
injected intraperitoneally with 30g of Hev b 1in 20QuL  (a) Binding profiles of peptides to four sera showing positive
phosphate buffered saline (PBS) and complete Freund'sactions to the Hev b 1 protein coated on microtitre plate in
adjuvants (1:1, v/v). Booster injections were administeredELISA. Two sera from non-allergic persons as well as a non-
on days 37 and 88 with the same antigen dose in PBS. Ofglevant peptide from the N-terminal region (1-19) of Chi t 1.01
day 91, spleen cells from two immunized mice were fuseo(B'l-_Ol) were used as negative controls._(b) Bi_nding p_rofiles_ of
with NSO myeloma cells (relation 5:1) according to Ei%“d?;Bt)o Is'etral flrolén th(';e_e '3tetx'a”ferg'c F;at'e”tSSBW'tQ, SF;'”a

.. ; . . . . Imaa . nital Inain ata or sera from atients:
Kéhler and.Mlls_tem [19]. The hybrid cells producing anti- SB-5: latex CAP— 0935 KUIL. aev b 1-EAST— 0-36 kU/LI;OSB-
Hev b 1 antibodies were cloned on agar plates. Two MoAb

S.L?: latex CAP=> 100, Hev b 1-EAST=830; SB-26:
named I12F3 and 114G9 were obtained and used for bindingatex CAP— 140 Hev b ’1-EAST: 2.78. (a) Seral.’2853..

tests. 2227.. 3275.8. 2968.00. Neg 1.8. Neg 2. (b) Sera. SB-5.7.
SB-17.10. SB-26.

Rabbit antisera Antisera to Hev b 1 (R), and to protein

extracts of latex saps from Thailand jRand Malaysia

(RM)_ rubber trees were rgi_sed. in three New Zeglar)qpeptide synthesis

rabbits by subcutaneous injections of 1mg protein in

1.5mL PBS emulsified with complete Freund's adjuvantsPeptides were synthesized stepwise on an Applied Bio-
(1:1; v/v) in small aliquots on the back. Booster injectionsSystems 432A peptide synthesizer using Fmoc strategy
were prepared in PBS and given at intervals of 4 weeks[20] as previously described [21]. In order to eliminate the

After three booster injections, sera were obtained from thdnfluence of C-terminal ending (-COOH) of the peptide
marginal ear vein. during the antibody binding screening, an amide resin

with an excellent acid labile linker of Rink [22] was used
which is cleaved by TFA to produce peptide amides. At the
N-terminus of the peptide, a Fmoc-protected 6-aminohex-
anoic acid (Novabiochem, Bad Soden/Ts, Germany) was
SDS-PAGE was carried out in a Phast-System (Pharmaci@ntroduced to act as a spacer and followed by a (D)-biotin-
Uppsala, Sweden) using precast 8-25% gradient gelS-hydroxysuccinimide ester (Bachem Biochemica, Hei-
with molecular mass standards in the range of 14.4-delberg, Germany) to make an N-terminal biotinylated
94kDa as markers. Protein bands were visualized byeptide. All peptides were analysed for their purity by
silver staining. reversed-phase high performance liquid chromatography

Electrophoresis
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Allergenic and antigenic determinants of latex allergen Hev b #09

(HPLC) (C18 column: 4x 250 mm) and identified by ion- All peptides were overlapped with one amino acid
spray mass spectroscopy on an API Il triple-quadrupleoffset.

mass spectrometer with an lonSpray inter-face (Sciex,

Toronto, Canada). When necessary, the peptides were

purified by reverse-phase HPLC on a silica bead C1
column (20x 250mm) to ensure that their purity was
over 75% as determined by analytical RP-HPLC.

Nine biotinylated peptides (eight 19-mer and one 17-Presence of antibody-binding epitopes on the peptides of
mer, designated as B1-19, B16-34, B31-49, B46-64, B61Hev b 1 was examined by ELISA. For preparation of the
79, B76-94, B91-109, B106-124 and B121-137, seesolid-phase peptide antigenug of the streptavidin (Sigma,
Table 1) covering the entire sequence of Hev b 1 and58276) in 10Q:L carbonate/bicarbonate buffer (pH 9.6) was
overlapped by four amino acid residues each were firsused per well of a microtitre plate (Nunc MaxiSorb) for
synthesized to catch all potential antibody-bindingovernight at 4C, followed by blocking with 2% (w/v) BSA
regions of Hev b 1 protein. A 19-mer peptide (B-1.01) (Sigma, A7638) in PBS. 0.5mg of each synthetic peptide
from the N-terminus of Chi t 1.01 protein (component Il were dissolved in 10 mL PBS containing 0.1% BSA and
of Chi t | [21] was also synthesized and biotinylated 0.02% sodium azide. Some 100 of each peptide solution
as control peptide. The peptides for autoinhibition assayere then transferred into the corresponding wells. The
were synthesized as free peptides without biotinylationreaction was allowed to proceed for 2h at’G@7 and the
(marked by the letter H). To define the smallest peptideplates were washed twice with PBS containing 0.1% Tween
that retains a significant binding ability to antibodies, 20 (PBST). Several sets of immobilized peptides were
six biotinylated dodecapeptides with a 6-aminohexanoigrepared simultaneously, dried at °87 and stored at
acid as spacer covering the C-terminal peptide segment40°C until use.

121-137 and a set of tetradecapeptides corresponding The purified Hev b 1 protein was coated on Nunc plates
to the whole segment of 46-64 were also synthesizedby incubating 10QL of protein solution (Z:g/well) in

%etection of antibody binding to Hev b 1 and Hev b 1
peptides by ELISA

Table 1. Amino acid sequence (one letter code) of Hev b 1 and synthetic biotinylated peptides B1-19 to B121-137=p&gtRle with
sequence of 1-19 functionalized with 6-biotinamido-hexanoic acid)

Hev b 1 sequence:

1
AcAEDEDNQQGQGEGLKYLGFVQDAATYAVTTFSNVYLFAKDKSGP

LQPGVDIIEGPVKNVAVPLYNRFSYIPNGALKFVDSTVVASVTIIDRSL

137
PPIVKDASIQVVSAIRAAPEAARSLASSLPGQTKILAKVFYGEN
Synthetic peptides
Code Region of Hev b 1 protein Amino acid sequence
B1-19 1-19 B-AEDEDNQQGQGEGLKYLGF-NH
B16-34 16-34 B-YLGFVQDAATYAVTTFSNV-NH
B31-49 31-49 B-FNSVYLFAKDKSGPLQPGV-NH
B46-64 46-64 B-QPGVDIIEGPVKNVAVPLY-NH
B61-79 61-79 B-VPLYNRFSYIPNGALKFVD-NB
B76-94 76-94 B-KFVDSTVVASVTIIDRSLP-NH
B91-109 91-109 B-RSLPPIVKDASIQVVSAIR-NH
B106-124 106-124 B-SAIRAAPEAARSLASSLPG-NH
B121-137 121-137 B-SLPGQTKILAKVFYGEN-NH
B-1.01 1-19 of Chit 1.01 B-LSADQISTVQASFDKVKGD-NH

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 406—415
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carbonate/bicarbonate buffer, pH 9.6, overnight at.4 The four positive sera in ELISA mentioned before (Fig. 1)
After washing with PBST, the wells were blocked with and three serum samples from patients with spina bifida
2% (w/v) BSA in PBST and washed with PBS. were used for the peptide scanning. The results in Fig. 2a
For the detection of IgE antibody binding, 10D of demonstrate that there was a strong binding of IgE anti-
serum diluted in PBST containing 0.1% BSA (PBST/BSA) bodies to peptides B46-64 and B121-137 in sera 3275 and
were added in duplicate to Hev b 1 or to peptide-bound2227. The binding profiles of sera 2853 and 2968 indicate an
microwells and incubated overnight &Gl The wells were elevated IgE reaction to peptides B91-109 and B31-49
then washed three times with PBST and the bound IgEespectively. The peptide B46—64 was also identified to be
antibodies were detected by using alkaline phosphatasable to bind to IgE in two of three sera from spina bifida
labelled goat anti-human IgE antibodies (Sigma, A3525)patients (Fig. 2b). The third spina bifida serum (SB-26)
and the substratp-nitrophenyl phosphate (pNPP; Sigma, reacted with peptide B31-49. Interestingly, all but SB-17
N2640) for the color development. The optical density wassera only reacted with one or two peptides. The IgE in serum
measured at 405nm on an ELISA plate reader and th&B-17 showed to be able to bind to most of the peptides. No
results were expressed as the mean of duplicate wells. Thantibody binding was detected to the control peptide B-1.01
IgE binding assay was optimized by pre-scanning eaclor to the negative control sera. In order to confirm the
serum sample with Hev b 1-coated plates at a dilution obinding specificity of IgE antibodies to Hev b 1 peptides, we
1.2, 1:5, 1:10 and 1:50. performed competitive autoinhibition assays with corre-
The antigenicity of murine anti-Hev b 1 MoAbs (culture sponding non-biotinylated peptides. Figure 3 shows the
supernatant, 1:20) and rabbit antisera (1:500) to solid-phasesults of testing human sera (Code: 3275 and 227) on
peptide antigens was detected utilizing above proceduremicrotitre plate-bound peptides B46—64 and B121-137. The
except that the second antibody used was alkaline phosphbinding of IgE antibodies in serum 3275 to the peptides was
tase-conjugated goat anti-mouse 1gG and alkaline phosphaompletely inhibited by the corresponding peptides H46—64
tase-conjugated goat anti-rabbit IgG (both from Sigma)and H121-137 in solution. The same result was achieved by
respectively. inhibition of IgE binding in serum 2227 to peptide B46—64.
The synthetic peptides were also tested for their ability to
inhibit IgE binding to the He b 1 protein coated on
Competitive inhibition assay microtitre plate in ELISA. Result of the inhibition test

In order to verify the binding specificity of human

IgE antibodies to the Heb 1 peptides immobilized on
microtitre plates, autoinhibition assays were performed

by using the corresponding non-biotinylated peptides. 100
The inhibition assay was identical to the ELISA described

above with the exception that 19Q of diluted sera 80

were pre-incubated overnight at'@ with 10uL non- 9
biotinylated peptide solution at concentrations ranging o, g |
from 0.01 to 1 mg/mL before incubation with solid-phase %
antigens. S 40
w
=
Results 207
Peptide scanning with human IgE antibodies 0 0 0‘1 1 1To 1j00
Eight serum samples from latex-sensitized and two negative Inhibitor (ug)

control sera were used to react with solid phase-bound Hev.

: : ._Fig. 3. Autoinhibition of IgE binding to solid phase peptides B46-
b 1in ELISA (Fig. 1). The results demonstrated that Ig& In64 and B121-137. The reaction of peptides B46-64 (A) and B121-

four of eight Iaj[ex_-posmve serum samples bound strongly tO137 (B) to IgE antibodies in serum with number 3275 (serum
Hev_b 1 at a dilution of 1:10. The other four serum Samplesdilution: 1:20), or in serum 2227 (C, serum dilution: 1:10; only to

(patient code numbers: 3147, 3056, 2445 and 2791), hoWs46.64) was inhibited on an ELISA plate by a series of properly
ever, did not bind to Hev b 1 in ELISA. No binding activity diluted corresponding peptide solution. Binding of IgE antibodies
could be observed with these sera even at a higher cone Hev b 1 could be also inhibited up to 45% by incubating with

centration of IgE (1:&ilution), despite the fact that they 10ug each of peptides H46-64 and H121-137 (D, serum 3275;
were clearly Hev b 1-positive in EAST. dilution: 1:50).@. A. &. B. A. C. . D.

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 406—415
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(a) Peptides from the segment of B46-64 were synthesized, biotinylated
SLPGQTKILAKY B121-132- and subsequently used for determination of the IgE binding
LPGQTKILAKVE 8122133 activity in ELISA. Figure 4a shows that the peptides B123-
PGQTKILAKVEY 5125104 1_34 and B124-135 from the C_—ter_mmal r_egion were recog-

nized by serum 3275. The binding activity was strongly
GATKILAKVEYG  B124-135 dependent on the residues of proline, glycine and tyrosine in
QTKILAKVFYGE  B125-136 position 123, 124 and 134 1% G***and Y!*4). It decreased
TKILAKVFYGEN  B126-137 to about 50% if amino acid ¥ was omitted in the
Control B-1.01 sequence, and the peptide lost almost all binding activity
SLPGQTKILAKVFYGEN  B121-137- when Y24 or G'2* were absent in the sequences. These
o 2 4 & 8 10 12 results suggest that the C-terminal minimal epitope of IgE
Percentage of binding to B121-137 antibodies in serum 3275 contains the aminoacidsPG QT
. KILAKVFY (123-134).
) Peptdes Six tetradecapeptides with one amino acid offset from the
QPGVDIIEGPVKNY B46-59 segment of B46-64 were tested with IgE antibodies of sera
PGVDIIEGPVKNVA B47-60-8 2227 and 3275. The results are demonstrated in Fig. 4b. The
GVDIIEGPVKNVAV B48-61 residues of AV P L Y in position 60-64 do not seem to
substantially contribute to the IgE binding reaction with
VDIIEGPVKNVAVP B49-62 . . . . ™
either of the sera. A proline residue (P) in position 47,
DIEGPVKNVAVPL  BS0-63V7/ 777777 however, plays an important role in the binding reaction.
IIEGPVKNVAVPLY B51-64 The absence of the*Pin sequence resulted in a complete
Control B-1.01 loss of binding to serum 3275, while the other serum (2227)

did not bind to peptide when ‘® was also omitted. This
pattern of reactivity suggests the existence of an IgE
epitope within the peptide sequence of PGV DIIEGP
V K NV (47-59) with 13 residues. However, the positive
Fig. 4. Fine scanning of B-cell epitopes in the C-terminal region results by the peptides of B46-59 and B47-60 make it
of Hev b 1 (121-137) and the region of 46-64. (a) Binding profilesimpossible to decide whether the C-terminal amino acids
of IgE antibodies in serum 3275 (1:20) to peptides derived fromof the sequence B46-59 take also a part in the binding
the C-terminal sequence (121-137). Six biotinylated dodecaactivity to IgE antibodies.

peptides overlapping by 11 amino acids and covering the whole

sequence of 121-137 were used to determine the minimal binding

site in this region. Results are expressed as the percentage Bptide scanning with murine MoAbs 114G9 and 112F3

binding to the full-length peptide B121-137. (b) Binding of The reactivity of each MoAb with nine overlapping peptides

IgE antibodies in sera 3275 (1:20) and 2227 (1:10) to peptide
representing the B46-64 sequence of Hev b 1. Six tetradecej(l?’l'19 to B121-137) was assessed. Both MoAbs were found

peptides overlapping by 13 amino acids were used in the assaj® féact strongly to peptide B121-137 (Fig. 5a). A lower

Results are expressed as percentage of binding to the fullfactivity was also observed with peptide B76-94. A

length peptide B46-64. The peptide B-1.01 from the N-terminaldetailed mapping using the six overlapping dodecapeptides

region (1-19) of Chit 1.01 was used as negative conlo3275.  showed that the minimal epitope of MoAbs contained amino

@. 2227. acid residues of Q TKILAKV F Y. Again, the tyrosine in
position 134 (Y34 was necessary for the binding of both
MoAbs. Moreover, lacking of € resulted in a dramatic

using serum 3275 as IgE source is shown in Fig. 3 (D). Itdecrease of binding to 114G9 and a complete loss of

was found that the IgE binding to the whole Hev b 1 pro-recognition by [I12F3 (Fig. 5b).

tein could be inhibited up to 45% by adding a mixture of

109 non-biotinylated peptides H46-64 and H121-137. By

gce);%ae”:g;:égj 6:?]5 BE) i;dl'_nlgyo L:ﬁ;abizgosmzreoieﬁlzi;itcheptide scanning with rabbit polyclonal antibodies (IgG)

ited by pre-incubating with g of Hev b 1 protein (data not The binding ability of nine peptides (B1-19 to B121-137) to

shown). three polyclonal rabbit antisera raised against He. (R4)

To define the sequences of IgE epitopes, two sets ofind against protein extracts from latex sap from Thailand
overlapping peptides with one amino acid offset derived(Rt) and Malaysia (R) is shown in Fig. 6a. All three
from the C-terminal segment of Meb 1 (B121-137) and antisera were found to have a similar binding pattern to the

QPGVDIIEGPVKNVAVPLY B46-64 7P

0 20 40 60 80 100
Percentage of binding to peptide B46-64

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 406—415
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Fig. 5. Reactions of MoAbs to Hev b 1 and Hev b 1-peptides.
(@) Binding of MoAbs 114G9 and [I2F3 to nine overlapping Fig. 6.Antibody-binding profiles of three rabbit antisera to Hev b 1-
biotinylated peptides derived from Hev b 1 (see Table 1 forpeptides. (a) Antigenicity of nine biotinylated peptides from
peptide sequences); Solid phase-bound peptide B-1.01 and thdev b 1. (For peptide sequences, see Table 1). Ir&Rwm. Z.
Hev b 1 were used as controls. (b) Peptide scan with biotinyl-Rt. E. RH. (b) The binding ability of rabbit polyclonal antibodies
ated dodecapeptides derived from the C-terminal segment db peptides representing the B46-64 sequence of Hev b 1. Six
Hev b 1 (121-137) for binding to 112F3 and 114G9 MoAbs as tetradecapeptides shown in Fig 4b were used in the assay. Anti-
measured with ELISA. Results are expressed as percentage sérum Ri was raised against Hev b 1; antisera &d Ru were
binding to the full-length peptide B121-137. (M) MoAb 114G9. raised against protein extracts of latex sap from Thailand
7. MoAb I12F3. (b) . MoAbs 112F3.E. MoAb 114G9. and Malaysia. Solid phase-bound Hev b 1 and Chi t 1.01 peptide
(B-1.01) were used as controlsn k& a negative rabbit serum.

Hev b 1 peptides. They reacted strongly to peptides B31-49,

B46-64, B91-109 and B121-137. Sera afi And R were  indicates that the minimal epitope ta41Rn this region is
also reactive to peptide B61-79, whereas the rabbit serurimvolved in amino acid residues of 51-59 I |[E G PV KN
against Hev b 1 (R) showed only a slight binding ability to V), or there might be two or more epitopes present in
peptide B61-79. A lower reactivity to B76-94 was also peptide B46-64 reacting to the polyclonal rabbit serum. In
observed by serumnR A fine mapping with six overlapping addition, an 1gG binding determinant of 13 residues can be
tetradecapeptides derived from B46-64 was performed toesolved to amino acids 50-62 (DIIEGP VKNV AV P)
find out the essential amino acid residues in this region. Thbéased on the fact that peptides B49-62 and B50-63 are
results presented in Fig. 6b show that all three rabbit antisereecognized by serumR

recognized the peptides B46-59 and B47-60 indicating that

one minimal epitope to polyclonal rabbit sera is located in

the segment with amino acids@®VDIIEGP VKNV Discussion

(47-59). R was also found to be able to react to peptide

B50-63. Interestingly, all six peptides were recognized byFor the first time, the allergenic and antigenic determinants
antiserum R raised against Hev b 1. This phenomenonof a well defined latex allergen have been elucidated by

© 1996 Blackwell Science LtdClinical and Experimental Allergy26, 406—415



Allergenic and antigenic determinants of latex allergen Hev b #13

mapping the whole molecule and localizing the IgE and IgGblocked by Jug Hev b 1 protein and that only 45% of the
binding sequences using synthetic overlapping peptides. IgE binding to Hev b 1 were inhibited by using a mixture
The first effort to identify continuous allergenic determi- containing 1Qug of H46-64 and H121-137 each suggests
nants using synthetic overlapping peptides was made bthat there may exist other epitope(s) in the protein. As
Atassi and Atassi [23]. Since that time, several reports orshown in Fig. 2a, serum 3275 did not react with any other
allergenic epitopes using peptides, either as free peptide qeptide than B46-64 and B121-137 in direct ELISA indi-
attached to polyethylene pins, have been published [24—26¢ating that the additional epitopes are either conformational
However, because of the small amount of IgE relative to theor they are linear, but missed by being cut at a critical point
other immunoglobulin isotypes (IgG, IgA and IgM) present in peptide synthesis.
in serum and of the lower binding affinity of small peptidesin  To delineate the IgE/IgG antigenic epitopes more pre-
comparison to the whole protein, it is often difficult to obtain cisely, we also employed a panel of overlapping peptides
reproducible and quantitative binding using a direct bindingwith one amino acid offset from the C-terminal segment
ELISA in IgE immunoassyas [25,27]. For these reasonsand the segment of B46-64. A noteworthy result of our
the synthetic peptides of Hev b 1 were prepared by biotinyl-study was the demonstration that the minimal sequence of
ation at the N-terminus via a 6-aminohexanoic acid moleculdge and 1gG MoAbs binding in the C-terminal region of
as spacer and followed by a reaction with immobilizedHev b 1 is almost identical except for one amino acid
straptavidin on microtitre plates prior to reaction with the residue. The antibody binding site was narrowed to the
patient sera. In this way, an optimal immobilization of the essential sequence of GQ TKI LA KV FY (124-134)
peptides can be achieved regardless of the differences &br IgE (serum 3275)and Q TKILAKV FY (125-134)
peptide sequences. The strong biotin/streptavidin bindingor murine monoclonal 1gG.
ensures that no leaching of the bound peptides occurs while The presence of tyrosine residue in position 1343y
reaction with the antibody takes place. Furthermore, thelayed a key role in antibody binding. Exclusion of ¥
peptides thus immobilized on solid phase are able to keem the sequence resulted in a complete loss of binding
their native configuration, and the binding reaction ofactivity to both IgE and IgG MoAbs. Unlike ¥* the
peptide to antibody is conducted without steric hindranceresidues of B3 G'** Q'% appeared to share equally in
due to the spacer molecule between the peptide chain arahtibody binding. Successive omission of the three residues
biotin molecule. from the N-terminus of the peptide resulted in a gradual
In addition, the applied test system may also influenceeduction of binding capacity to antibodies (Figs 4a and
the results. The results in Fig. 1 show that the positive5b). More information about the contribution to anti-
IgE binding reaction in EAST could turn out to be body binding by individual residues within this epi-
negative in ELISA (see sera numbers 3056 and 3147)ope will be obtained by comparing the antibody
This is possible because of the different immobilizationbinding ability of analogs containing single amino acid
of allergens on the two solid phases and/or the differensubstitution.
spatial configuration of the allergen and relevant epitopes Sequence similarity of the antibody binding sites to
in ELISA and EAST. In the EAST system the Hev b 1 IgE and polyclonal rabbit sera was also observed by
protein is covalently bound, mainly through the aminofine mapping of the segment B46-64 (Figs 4b and 6b).
groups, to BrCN- activated cellulose disks, while bindingIgE antibodies in sera 3275 and 2227 as well as all
of Hev b 1 to microtitre plate in the ELISA system is basedthree rabbit antisera strongly reacted with the peptides
on a non-covalent hydrophobic interaction between theéB46-59 and B47-60 indicating that one minimal epitope
protein and the solid phase. Seven human serum samplés IgE and polyclonal rabbit 1gG is located in the seg-
were used to test the binding ability of nine biotinylated ment with amino acidls PGV DIIEGP VKNV (47-
peptides covering the whole Hev b 1 sequence. Thé&9). These results, however, do not permit to determine
obtained results, both in competitive and direct ELISA,whether those amino acids in the C-terminus, i.2°, W°®
indicated that the IgE binding sites could be well definedand K/, are also relevant with the binding activity to
by using biotinylated peptides. As expected, the IgEantibodies.
epitopes differed from patient to patient, prob-ably due to Since the ammoniated latex sap is the most important
the allergen presentation to the immune system, e.g. theaw material for glove manufacturing, two rabbits were
way sensitization to Hev b 1 occurred. The most allergenicimmunized with two protein extracts from these saps of
antigenic portions of the Hev b 1 allergen are the C-different origin. In comparison, one rabbit was injected
terminal region and the region with amino acid residueswith purified Hev b 1 protein. The results of binding
of 31-64. studies indicate that the reaction pattern of nine synthetic
The fact that the binding activity of serum 3275 to Hev b 1 peptides B1-19 to B121-137 is very similar within
peptides B46-64 and B121-137 could be completelythree rabbit sera, regardless whether antibodies were raised
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to whole latex proteins or only to purified Hev b 1. This 7 Tosi LL, Slater JE, Shaer C, Mostello LA. Latex allergy in

suggests that Hev b 1 is a potent immunogen in latex spina bifida patients: prevalence and surgical implications.

protein extracts. Since Hev b 1 was found in fresh latex sap J Pediatr Orthop 1993; 13:709-12. N

to be tightly bound to rubber particles and to be absent8 Alenius H, Palosuo T, Kelly K et al. IgE reactivity to 14-kD

in the latex solution phase [15], our results indicate that ar_1d 27ka n_a_tural rubber proteins n Iatex-alle_rglc children

Hev b 1 can be partially released in ammonia solution. The VAV;Ith spina bifida and c_)ther_congemtal anomalies. Int Arch
. . . . ergy Immunbol 1993; 102:61-6.

comparison of these binding regions of He_v b 1 with that 9 Beezhold DH, Sussman GL, Kostyal DA, Chang N-S.

bound to IgE and monoclonal IgG antibodies shows  |gentification of a 46-kD latex protein allergen in health

that only the C-terminal peptide B121-137 is recognized  care workers. Clin Exp Immunol 1994; 98:408—13.

by all antibodies used in this study, and the investigatedo Broekaert I, Lee HI, Kush A, Chua NH, Raikhel N.

IgE-binding peptides (B31-49, B46-64, B91-109 and Wound-induced accumulation of mMRNA containing a

B121-137) are involved in peptides recognized by poly- hevein sequence in laticifers of rubber tree (Hevea

clonal rabbit antisera. In addition, the sea &d Ru also brasiliensis). Proc Natl Acad Sci USA 1990; 87:7633-7.
react strongly with peptide B61-79. 11 Jekel PA, Bernard J, Hartmann H, Beintema JJ. The primary

Finally, the localization of the epitopes in Hev b 1 strgc_ture of hevamine, an enzyme with Iysoz_yme/chitinase
should be mentioned. The two main domains that con- gggv'g;rgg Hevea brasiliensis latex. Eur J Biochem 1991;
tain epitopes are in sggments covered by. peptldes_46-_6142 Dennis MS, Henzel WJ, Kohr W, Light DR. Amino acid
and 121-137. Both epitopes (.jetected.by fine mapplng. n sequence of rubber elongation factor protein associated with
these segments are located just outside the alpha-helices \pper particles in Hevea latex. J Biol Chem 1989; 264:18618—
Il and IV according to the prediction of the secondary  og.

structure of Hev b 1 by Dennét al.[12] based on the Chou- 13 Czuppon AB, Chen Z, Rennert S et al. The rubber elong-

Fasman method [28]. ation factor of rubber trees (Hevea brasiliensis) is the
major allergen in latex. J Allergy Clin Immunol 1993; 92:
690-7.
14 WHO/IUS Allergen Nomenclature Subcommittee World
Acknowledgements Health Organization, Geneva, Switzerland, Allergen nomen-

clature. Clin Exp Allergy 1995; 25:27-37.
15 Dennis MS, Light DR. Rubber elongation factor from
Hevea brasiliensis: identification, characterization and role
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