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EPITOPE ANALYSIS OF THE ALLERGEN OVALBUMIN (Gal d 1I)

WITH MONOCLONAL ANTIBODIES AND PATIENTS’ IgE
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Abstract—Ovalbumin (OVA) is a major allergen (Gal d II) of hen egg white and is cften the cause
of hypersensitivity reactions to food. Further knowledge of the antigenic and allerzenic erieor s of
allergens will provide better treatment of this disease. To analyse these epitopes we producza ua panel
of monoclonal antibodies (mAbs) against native OVA. The initial information about the epitopes
was obtained with the binding patterns of these mAbs in IEF-immunoprints and western olots of
OVA under reducing and non-reducing conditions. It was possible to demonstrate that the difierant
conformations of OVA exhibit different epitopes, and that there are other epitopes which ar: shered
by each conformation. Seven different, although sometimes overlapping epitopes. couid he deter-
mined on native OVA; four different epitopes on denaturated non-reduced OVA »v means of
immunoblots of the intact molecule. The number of epitopes which could be differentiated by the
mAbs was increased by the use of peptide blots after CNBr fragmentation of the molecule. IgE
binding to different OVA conformations and to CNBr-fragments of OVA was also detectable and
appears in the same regions as the reactivity of some mAbs. Western blots of OVA and
CNBr-peptides demonstrate that some antigenic/allergenic binding sites seem at least partly to be
continuous epitopes. The identification of the CNBr-fragments was performed by a microsequence
analysis of blotted CNBr-fragments after a 2-dimensional electrophoresis. IgE was found to bind
the two largest CNBr-fragments (residues 41-172 and 301-385). but not the fragment corresponding
to residues 173-196. A number of monoclonal antibodies also reacted with the two large fragments,
especially with fragment 301-385, and some bind also to shorter peptides, such as fragment 173-196,
which were not reactive to patients’ IgE. Most of the monoclonal antibodies and patients’ IgE bind
to the fragments 41-172 and 301-385 in 2D-PAGE blots suggesting that these fragments are involved
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in an immunogenic structure.

INTRODUCTION

Ovalbumin (OVA) is one of the major allergens of hen
eggwhite (Langeland, 19824, b, 1983; Hoffman. 1983:
Holen and Elsayed, 1990), which is often the cause of
hypersensitivity reactions to food (Metcalfe. 1984; Jorde
et al., 1989). OVA is a very suitable model aliergen ‘or
studying the relation between structure and function
because the sequence of amino acids and post-trans-
lational modifications of the molecule are known (Nisbet
et al., 1981). The latter affect an N-terminal acetyl
group, the position and kind of carbohydrates as well
as the position of phosphoryl groups. The molecular
structure of OVA based on X-ray crystailography has
been reported by Stein er al. (1990) and the structure of
plakalbumin, which is a proteolytic cleavage product of
OVA (residue 1-358), was recently described by Wright
et al. (1990).

Knowledge of the molecular basis of allergenic
determinants may lead to an increased understanding of
ailergy and may contribute to better diagnosis and
treatment of disease e.g. by blocking of the allergic
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reaction with haptenic peptides or by inducing protective
antibodies by other haptenic pepudes of the molecule. A
number of studies are availzble dealing with the anti-
genic and allergenic epitopes of OVA (Elsaved er dl.,
1986. 1988, 1989, 1991: Johnssen and Elsaved 1990). It
was shown 11 RAST-inhibiton tests that CN\NBr-cleavage
products of OV A reveal allergic reactivity (Elsayed er al.,
1986). Synthetic peptides of OVA like the N-terminal
decapeptide (Elsaved et al.. 1988) cculd inhibit the
binding of IgE from patients’ sera in RAST inhibition
test. but failed to react in viro. suggesung that this
decapeptide encompasses an lg-dDinding haptenic epi-
tope. This is aiso the case with the peptide OVA 323-339
(Johnssen and Elsayed. 1990). Beyond thai. 1t was shown
that this peptide is a T-cell epitope oi OVA (3uus er af.,

1986) in mice. Eight pepuides in the region 11-122 of
OV A were studied for their antizeniony and aliergenicity
and it was shown that some n," these pepudes are
probably recognized bv tne acruzem: hinding sites of
mmunoglopuling (Elsavea ¢ .. 19911 These studies
first and foremost gave i a0~ chout contnuous
epitopes and although the av s Tor studyving
antigenic allergenic epitores 18 auor coniroversial dis-
cussion (Van Rezenmortel, v+ - vves er @, 1990),
studies with natural or synthet« oro-.in fragriznts have
made it possitie to locate anu.enic - 2¢ aliergic regions
on proteins (Trifili=ff ef ai.. 1991, Zisayed er al, 1991).
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Monoclonal antibodies (mAbs) are of growing import-
ance in allergen standardization and characterization.
and are a suitable tool in the epitope analysis of allergens
(Chapman et al., 1984; Becker, 1987; Mourad et al.,
1988; Chapman, 1988: Petersen er al., 1989; Marc-Series
et al., 1990, Lin er al., 1990).

The aim of our study is to characterize antigenic and
allergenic epitopes of OVA by means of mAbs by
comparative binding studies in immunoblots obtained
by different electrophoretic techniques. Most of the
studies mentioned above (Marc-Series er al.. 1990: Lin
et al., 1990; Chapman er al, 1984) used SDS-PAGE
blots for identifying the allergenic components of
extracts and mAb binding to these components. in our
experience the IEF/immunoblotting technique is a very
powerful, highly resolving technique for determining the
immunoglobulin reactivities of patients’ sera to various
allergenic sources and testing.the specificity of mAbs
under conditions where the protein is not denatured
(Becker, 1989). In this study, we used these techniques
for initiating the characterization of antigenic binding
sites on the intact molecule OVA with monoclonal
antubodies. In order to localize the antigenic allergenic
binding sites in more detail, the molecule was cleaved by
CNBr and the binding studies were extended to blotted
CNBr-fragments of OVA. The identification of CNBr-
fragments was performed by microsequencing cf hlotted
pentide spots which were separated by 2D electro-
phoresis. In order to determine that the monoclonal
ant:~odies bind to allergenic relevant epitopes. we
com:.ured the binding patterns in immunoblots with
those of IgE from: patients aliergic to hen ege-white

MATERIALS AND METHODS

OVA (Fraction V. A 5503) was purchased from
Sigma. Munich. The sera of pauents ailergic o hen
egg-white wers obtaine © from different sources: w0 e e
from patieni~ of the “Madical Clinic of Borsts!
were kinaly provided by Prof. IIr U. Wahn  Bertiu. -
P.D. Dr G. Schuitze-Werninghaus (Frank:urts,

St e

Monocional antibodies

Menoclonal antihodies against OVA wers r e
according to Kér - and Miistein (1975 inc
{1980) using Balb,c mice and the mveicma coip -
P3X63 Ag3UL. Growing clones were checxed on th-
production by emploving the Dot-test: | 1 of a soiur
of 1mg OVA/ml was applied to nitroceliulnse sirps
(4 x 20 mm), dried :~d free binding sites were bic..ed
with 0.05% Tween ir Tris-buffered-saline {TRS: TRS.
Tween: 0.1 M Tris, 0.1 M NaCl. 2.5 mM *igCl,, )03+,
Tween-20. pH 7.4). 100 4l of culture su-ornatant wias
transferred from the cuiture plate (96 weil piater in
microtiterpiates and Jijuted 01 with TBS-Twezen. The
small sirips were o:ced in the wells ard :ncubatcg
overnight. The foilowing steps were ith: same as
described under Immur:blotting analyvsi: 'n this paper.
The isotypes of the mAbs were examunzd using the
Ouchterlony technique. '
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CNBr-cleavage of OVA

CNBr-cleavage of OVA was performed for 20 hr at
room temp in 70% (v/v) formic acid according to
Elsayed (Elsayed et al., 1986) and Gross (1967). Samples
of 5.55umol OVA and 9.4 mmol CNBr were used.
The cleavage products were lyophilized and stored at
—20°C.

Isoelectric focusing

Isoelectric focusing was performed on 0.9% agarose
gel according to Haas et al. (1986) supplemented with
12% sorbitol (w/v). The ampholytes were 7.5% (v/v)
Servalyt (3-10) and 2.5% (v/v) Servalyt 4-6 (Serva.
Heidelberg). Focusing was performed on Ultraphor
2217 (LKB, Bromma) for 1.200 Vh at 4 C. OVA
(10-20 ug) or 100-200 ug CNBr-cleavage products of
OV'A were applied. Marker protein test mix 9 was
supplied from Serva. Heidelberg. Voltage was limited to
2000 V. power to 35W, current to 20mA. Protein
staining of IEF-gels was performed with Coomassie-
prilliant blue and crocemn scarlet according to Righetti
and Drysdale (1974).

SDS-polyvacrylamide gel electrophoresis

SDS-PAGE of OVA was performed according to
Neville and Gicssmann (1974) in a vertical slab gel. with
a gradient of 7.3-20% acrylamide (7.5-20% T, 0.75%
C; under non-reducing and reducing conditions. Gel was
applied (15 g OVA c¢m). Reduction and alkyvlation was
rzrformed  with dithicerythritol and  vinvipynidine
{Hzukeshoven and Dermik, 1937).

SDS-PAGE for :cparation of CNBr-cieavage prod-
uots of OVA was performed by a slight modi=cauon of
Votfang o7 all (19584 and Kratwzin et al. (1959). This
SDS-PAGE-svstem uses —SO;~ as leading ion with
&oons and Tnis as counter ions in the sicoking and
so- ratior gel The crailing fon is Bicine wits Bisime
as counter 100 Brioidv: cathode buffzr: ¢ 2N Bicine
'n.V-bis{2-hydroxyethy i -clycine; Sigma, Munich), ¢1¥,
SDS (wiv), pH 8.2, Anode buffer: 0.2 M Tri: H-SQ;
rH 81, Separation gel: 15% T and 3% C acrvlamide,
D43 Tris H.80,, 0.1% (w/v) SDS. 0.35ml 27°%
Iveemol/mi ge! zolution. €.1% TEMED. Sulora "%
A wution, -9 8.7, Stacking gel: 5% T unda 5 . C
crn.wmide, 0.+ M Bis-=TnisiH,SO,, 0.1% SDS 1.1%
EMED. 5 1 10% APsS-solution;mi gel. pH 6.7. Sample
butler: 179.5 -1 Bis- I'mis. 84.5 mM Bicine. 0.25% SDS.

257 mercapwethans!. 10% saccharose. 2.02% &oo-
mophendl Flue as rooking dye. Cleavage pr . ucts
25-S0ug o OVA cm were applied. We usad  cali-
bration kit {for polvreptide mol. wt determination with
¢ rang2 of 2.3-17 kDa (Pharmacia, Swedzn: as marker
veptices. The gels were stained with silver nitrate
according 10 ¥ 'keshover and Dernik (19:5).
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[EF-immun;

Proteins ¢ the gel were transferred to blotting
membrangs o .he capillar blot technique according to
Peltre er al. (1 52). After IEF, a blotting membrane was
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applied to the surface of the gel and the proteins were
transferred by pressure (5 min, 1kg; 5 min, 5kg) by the
covering with paper towels. Free binding sites were
blocked with TBS-Tween. For blotting of OVA, nitro-
cellulose membranes (Schleicher and Schiill) with pore
sizes of 0.45 um were used. For peptide blotting these
membranes were activated with CNBr according to
Demeulemester ez al. (1987), because peptide immobiliz-
ation was detectable only on this kind of matenal.

Western blot

Western blot was performed by semi dry electro-
blotting according to Kyhse-Andersen (1984) with a
Semi-Dry-Blottingsystem (Biometra Fast Blot System,
Typ B 33, Biometra, Gottingen) with a current of
0.8 mA/cm® for 30 min. Free binding sites were again
blocked with TBS-Tween pH 7.4.

Immunoblotiring analysis

For the detection of monoclonal antibody binding
3 mm wide strips of the blotting membranes were incu-
bated overnight with 2 ml of culture supernatant and
2 ml TBS-Tween. For each mAb there was evidence that
the concn was in a range where all binding sites were
saturated. After 3 washes in TBS-Tween pH 7.4 the
strips were incubated with an alkaline phosphatase
conjugated goat-anti-mouse IgG (specific for H and L
chains; Jackson Immuno Research) diluted 1:5000 with
TBS-Tween for 3 hr. MAb binding was made visible
by the enzymatic reaction of alkaline phosphatase by
incubating the strips with a substrate-solution of nitro
blue tetrazolium (NBT) 0.033% and 5-bromo-4-chloro-
indolylphosphate disodium (BCIP) 0.5% in TBS without
Tween, pH 9.5.

The binding of IgE from patients sera was performed
by incubating the strips with human sera diluted 1:20
with TBS-Tween, pH 7.4 overnight. After three
washes with TBS-tween, IgE binding was made
visible by incubation with a J'*-labelled rabbit-anti-
human-IgE (Phadebas-RAST, Pharmacia) approxi-
mately 1 x 10° cpm for 15 strips for 4 hr and subsequent
autoradiography on a Kodak X Omat film for 3, 7 and
14 days.

Protein staining on the blotting membranes was per-
formed with a solution of 9.1%5 India Ink (Pelikan Fount
India) in TBS-Tween according 10 Hancock and Tsang
(1983).

2-Dimensional electrophoresis (2D-SDS—-PAGE)

The 2D-electrophoresis was performed with immobi-
lized pH-gradients according to Gorg er al. (1988) and
Kinzkofer-Peresch er al. (1988). The gel size for both
dimensions was 22 cm x 24.5cm x 0.5 mm. In the first
dimension an IEF in gels casted on GelBond-PAG
(LKB, Sweden) with immobilized pH-gradient ranging
from 3.6-9.3 pl and an acrylamide concn of 4% T and
4% C was performed. After polymerization, the gel was
dried by microwaves and stored at —20°C. 4 mm wide
gel-strips were incubated in a rehydration buffer (8§ M
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urea, 0.5% (v/v) Nonidet-P 40, 10 mM dithiothreitol,
0.4% (v/v) Servalyt 3-10. 0.1% (v/v) Servalyt 4-6)
overnight. The IEF was performed on a Desaphor HF
electrophoresis unit (Desaga, Heidelberg, Germany).
For sample entry voltage was limited to 300 V for 1 hr,
the separation was performed at 3000 V, 2 mA and 5SW
for 7hr. CNBr-cleavage products (200-400 ug) were
applied. The strips were stored at —30°C until they were
used in the second dimension. In the second dimension
an SDS-PAGE was performed on GelBond-PAG stabil-
1zed gels with acrylamide concens from 10-15% T and
4% C in the separation gel and 5% 7. 4% in the stacking
gel. The gel strips were incubated 2 x 15 min in equili-
bration buffer (0.05M Trns, 6 M urea. 20% (v/v) gly-
cerol, 2% (w/v) SDS, traces of Bromophenol Blue. 1%
(w/v) dithiothreitol. lodoacetamide 260 mM were added
to the buffer in the second incubation step. The equili-
brated gel strips were transferred gel side down on the
SDS-PAGE gel. The electrophoresis was performed on
a 2117 Muiltiphor II electrophoresis unit (LK B, Sweden)
with maximum settings of 200 V. 20 A and 30 W until
the probes left the stacking gel. then voltage was limited
to 800 V. For electrophoretic transter of the peptide
pattern on biotting membranes the same semi-dry-
blotting system was used as described above. For im-
munologic detections PVDF-membranes (Immobilon-P)
were used.

Microsequence aralvsis

Amino acid sequence analysis was performed on
an Applied Biosystems (California) 473A pulse liquid
sequencer. 200—400 u g of CNBr-cleavage products were
separated by 2D electrophoresis and electroblotted on
Problott™-membranes (Applied Biosystems, California)
using CAPS-blotting buffer (10 MM 3-[cyclohexyl-
amino]-1-propanesulfonic acid. 10% (v;v) methanol,
pH 11) according to Matsudetra et al. (1987). The spots
were stained with 0.1% fw v) Coomassie in 40% (v/v)
methano! and des:iining of the background was per-
formed with 50% (v;v) methanoi. Siained spots were cut
out of the dried blotting membrane and arranged in the
cartridge block of the sequencer. Because the amino acid
sequence of OV A is known, onlv 5-10 amino acids from
the N-terminal end of the pepudes were analyzed.

RESULTS
OV A and CNBr-cleavage of CV A

The staining of the gel after S'S-PAGE under non-
reducing conditions showed four bands with an apparent
mol. wt of 40. 43, 63 and 72 kD, witn the strongest at
45kDa, whereas under reducing conditions onily one
band at 45 kDa could be obtained. TEF of OVA vyielded
about 3 bands after the gel staming. Un te 10 bands were
detectable after the transrer of ihe protein onte nitro-
cellulose membranes and protein suuning with India ink.
Treatment of OVA and CNBr led to a complete cleavage
into smaller peptides. About 16 bands with mol. wts
between 1000 and 16.500 Da were detectable.
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Monoclonal Antibodies

pi M CIHNT 5 10 B B %

fEF - immurioprint: Ovalbumin

Fig. 1. Binding of méAbs on immurdoprint of OVA on nitro-
cellulose membrane. poresize 0.45 um. pl = isoelectric point.
M = marker, C = protein staining with Coomassie, H = hyper-
immune serum, N = negaiive control, 1-24 = reactivities of 24
hybridoma culture supernatants.

Monoclonal antibedies

Twenty-four hvbridomas producing monoclonal anti-
bodies against OVA were seiected. The 1sotype was
confirmed by the Ouchterlony technique. MAb nos 1. 2,
3,5, 7. 8 and 19 belong to the IgM isorype. the others
to the [gG1 1sotvpe.

Reacuvities to the intact molecule OVA were tested in
IEF-immunoprints and western blots under reducing
and non-reducing conditions. Figure | shows the o:nd-
ing patterns in IEr-Immunoprints of OVA. Altozether
7 different reaction patterns could be differentiated: thre
mAbs {nes 2, 4. [ bound the whole spectrum ¢! = :ads
as did hyperimmunz serum in a rangs of pl 49

a
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Twelve of the mAbs (nos 1, 3, 7, 8. 14, 17, 18. 19, 20,
21, 22) showed reactivities to fewer bands around pl
4.4-4.7. Three mAbs (nos 5, 11, 16) showed a more
limited binding pattern at pl 4.6. Two mAbs (nos 6. 23)
bound bands in a more basic region from pl 4.7-4.9;
these two mAbs differ from each other in their binding
patterns. Four mAbs (nos 9, 10, 12, 24) bound in a more
acidic region around pl 4-4.4. When comparing the
binding pattern in western blots of OVA under non-
reducing conditions (Fig. 2) it can be shown thar special
binding patterns in [EF-immunoprint correspond to
distinct binding patterns in the western blots under
non-reducing conditions. The four mAbs (nos 9, 10. 12,
241 which bound in the acidic region of OV A after
separation by IEF showed reactivities exclusiveiv at an
apparent mol. wt of 63 kDa: the two mAbs which bound
in the basic part of OVA in immunoprints showed
reactivities only at 55 kDa. The mAbs which recognized
the whole spectrum of bands of IEF-separated OVA
have the same quaiities in western blots under non-
reducing conditions. The other mAbs revealed the ma:n
reactivity to the strongest band at 45 kDa. The recucing
conditions led to one band at 45kDa and :ll mA?>s
bound to that band with a more or less great intensity,

In western blots of the peptides. the binding of mAbs
could be detected solely on Immobiicn membrane
(PVDF-membrane, Millipore) (Fig. 3). Seven bandsin a
range of 3.8-16.5kDa could be obtained by immuno-
logical detection with hyperimmune serum and mAbs.
Some of the mAbs (nos 1, 2. 3. 7, 19, 21. 22} showed
strong reactivities, but always with more than one band.
Thev differed from each other in the intensity - “hinding
to the separate bands. Atter e IEF. aoout i+ cunds of
the CNBr-cleavage products in a range of pi 4.2-8.3
were detectable by protein staining of the gel with
Coomassie. Only the CNBr-activated memobranes are
sutiable for the transfer of the pepuides of capillary
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Monoclonal Antibodies

1

10 15 X 2%

MW IHN1 5

o o b :
25500 —} |, SRS ’
P
16500 . [
15500 - P
13000 0 . ;
3800 | ;
Western-Blot: CNBr - Ovalbumin

Immobilon - P

Fig. 3. Binding of mAbS on Western blot of CNBr-cleavage products of OVA under reducing
conditions on PVDF-membrane (Immobilon). Mol. wt = molecular weight. [ = rrotein staining with
India ink, H = hyperimmune serum. 1-24 = reactivities ot 24 hybridoma cuiture supernatants.

as evidenced when comparing the protein staining of the
gel with membrane staining by India ink or immuno-
logical detection with hyperimmune serum (Fig. 4). Four
mAbs (nos 9, 10, 12. 24) showed strong reactivities to the
peptides separated by IEF, additionally there were three
other mAbs (nos 11, 13, 19) with a much weaker
reactivity. The four first mentioned mAbs were 1dentical
to those that bind in a more acidic region in the
IEF-immunoprints of the intact molecule. The use of
peptide blots was necessary to demonstrate that each of
these mAbs recognized different but sometimes over-
lapping epitopes. The mAbs which revealed strong
reactivities in the western blots of the pepudes, snowed

Monoclonal , Antitodies
I ™ TOTHNT . i 3 L

i
R
4

35— B &3 i

Pt

IEF - immunoprint: CNBr - Ovalbumin
0,45 pm CNBr-activated Nitrocellulose

Fig. 4. Binding of mAbs on Immunoprint of CNBr-cleavage
products of OVA on CNBr-acuvated nitroceliulose membrane.
pores.ze 0.45um. pl-isoelectric point, M = marker. C=
protein stining with Coomassie, H = hyperimmune serum,
N = negative control. 1-24 = reactivities of 24 hybridoma
culture supernatants.

no reactivities in the [IEF-immunoprnints of the peptides.
Vice versa, the mAbs which possessed strong reactivities
in the IEF-immunoprints of pepudes did not recognize
the peptides under the conditions of SDS-PAGE. The
results of these comparative oinding studies are listed in
Table 1.

IgE from patients’ sera

In order to demonstrate that the binding of IgE from
patients’ sera occurs in the same regions as the mAbs. the
reaciivities of some individual sera from patients allergic
to hen egg-white were tested together with some selecte
mAbs on identical blots. IgE-binding to the ditferent
conformations of OVA as weli as to the cleavage prod-
ucts could be demonstrated by autoradiography both in
western blots and immunoprints. Those sera showing
IgE-reactivities 1n immunchiots of the intact OVA
alwavs exhibited reacuvities with the cleavage products
of OVA. The major binding of IgE with fragments
occurred wih three bands in a mol. wt range from 10 to
17 kDa. Another fragment with a MW of about 7-8 kDa
exhibited IgE-binding too, but in a much weaker
fashion. In 'ae immunoprint of OVA-cleavage progucts
the binding of IgE was detectabie 1n the same regions
where the four mAbs (nos 9, 10, 12, 24) showed strong
reactivides. Especially the hinding pattern of mAb-no. §
was very similar to that of pauens’ IgE.

2-Dimensional electropnoresis and microsequencing

Figure 5 shows the peiiern of CNBr cleavage-products
after separation by 2D-SDS-F-GE and siiver staining
of the gei. The numrers indizate all spots which were
submitted to microse. tence ansivsis after transfer onio
Probloti-memorane and ~oomassie staimng. After the
silver staining of the 2o mo s snots are detectabie than
by Coomassie staining of bictied fragments. Figure 6
shows the binding o: nauients IgE to these rragments
and Fig. 7, as an exampiz. the pinding of mAb-ro. 2. The
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results of the microsequence analysis of the marked spots
are demonstrated in Table 2. Several peptides with
different pl possess identical MW and N-terminal amino
acid sequences. Five spots of CNBr-cleavage product
consisting of amino acids 41-172 (mol. wt 16,000 Da)
and two spots of CNBr-cleavage product amino acids
301-385 (mol. wt 10,300 Da) were identified and showed
strong binding with patients’ IgE. Amino acid sequence
analysis of the whole peptide of spot 8 confirmed that
it represents a fragment of complete CNBr-cleavage.
It was identified as fragment 173-196 with a MW of
3064 Da. This fragment is immunoreactive with most of
the mAbs (19 of 24 mAbs) but failed to show binding
with patients’ IgE. Other fragments in the low MW
range from 2 to 6 kDa and pI 3 to 4 showed IgE binding,
but these spots were not detectable by Coomassie stain-
ing on Problott-membrane and could therefore not be
submitted to microsequence analysis. The reactivities of
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Fig. 5. 2D-SDS-PAGE of CNBr-cleavage products. Silverstaining of the gel. The numbers indicate
spots which were applied for microsequence analysis.

mADb binding to the CNBr-fragmenis 1s also listed in
Table 1. It is obvious that most of the mADbs snow
reactivities to more than one fragment. twelve mADs
bind to each of the three identified fragments (41-172,
173-196. 301--385). Some mAbs (nos 9, 20, 24) react with
a broad spot at plI 3-3.5 and 30 kDa (signed A in Tables
1 and 2). Protein staining and patients” IgE failed to
visualize this product.

DISCUSSION

~he aim of our study is the determination of antigenic
and allergenic epitopes of OVA. For this purpose we
have used monoclonal antibodies and difterent electro-
phoretic techniques with subsequent immunoblotung.
The mAbs were empioyed to characterize the epitopes in
immunoblots of OVA under native and denaturing
conditions. In order to erzompass the immunvgent

Fig. 6. 2D-SDS-PAGE of CNBr-cleavage products. IgE reactivity of a pool from sera of four allergic
patients detected by autoradiographie on PVDF-membrane. The numbers indicate spots which wers
applied for microsequence analysis.
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Fig. 7. 2D.3DS-PAGE of CNBr-cleavage products. Reactivity of mAb no. 2 detected by
autoradiographie on PVDF-membrane. The numbers indicate spots which were apphed for
microsequence analysis, x = artifact.

parts of OVA, we extended the characterization with
blots of CNBr-cieavage products of OVA. The identifi-
cation of the CNBr-cleavage products was performed by
a N-terminal sequence analysis of blotted fragments
aiter separation b: 2-D clectrophoresis.

Separation of OVA by IEF yielded up to 10 bands
after staining the nitrocellulose memorane with India
Ink, whereby the hands demonstrated a micro-hetero-
geneity of the protein. With tne binding patterns of the
nAbs, seven different, aithougn sonetimss overlapping
cpiiopes could be ucieoted on nat c OVA.

SDS-PAGE of OVA .nder non-reducing conditions
leads to 4 bands which - lue to ti» variable location
of an intramolecular disulphide boud (Fothergill and
Fotherg:ll, 1970). Under rzducing conditions only one
band o' OVA is obtiined. Thus different cornformations

of Gh.s ewst the dis. oaide interche z may be
responsidle for the cor crsion of new!l  svnthesized
“R-ovalbumin™ 1o the mere stanie “S-ov. bumin” 1n

storage (Smith. 1944; Niscot er al.. 1981). Ali mADs still
recognize OVA under the denaturing conditions of
SDS-PAGE. Certsin oinding patterns of non reduced
OVA 1n SDS-PAGE i . 27 kDa) correspond o certain
bindinz patterns in. {E7-imr :noprint (e.g rasic region
oi OVA from pl 4.7-49 Jemonstratiny -hat some
evitopes are associated o~ with one :~nformation
W ocrecs others are commer to each confor ution. Four
different epitopes are deiectabie on denaiured OVA
L .:ger non reducing conaiions. Al mAbs bing 1o OVA
under reducing denaturating conditors with a more or
less great intensity suggesuing that the ¢pitopes of OVA
are at least partly continu.us epitopes. Each confor-
mation exhibits IgE-bindi- 1 epitores both on the native
or denatured allergen.

After rreatment with CNBr 17 cleavage procucts of
JVA are theoretically expected from which 11 possess a
mol. wt higher than 800 Da and should therefore be
accessible by the SDS-PAGE for peptides appiied in this
study (Wiltfang er al., 1983). The resuits demonstrated

that after separation in IEF and SDS-PAGE a number
of cleavage products larger thun expected was obtained.
Methodological considerations concerning the electro-
phoretical behaviour of small peptides. reaction
conditions chosen for the protein cleavage and a micro-
heterogeneity of the protein concerning the grade of
glycosylation or an amino acid exchange may be respon-
sible for these observations (Kratzin er ¢/.. 1989: Nisbet
et al., 1981; Honda er al.. 1990).

Four mAbs (nos 9. 10. 12, 24) show strong reactivities
with native CNBr-fragments of OVA as detected 1
immunoprint. Therefore these cleavage products seem to
be associated with one of the conformations of OVA
(63kDa in SDS-PAGE. pl +-4.4). The mAbs nos 9, 10.
12 and 24 do not show any reactvity to the cleavage
products under the cond’-ans of SDS-PAGE. On the
other hand, some mAbs rias 1, 2050 7019, 21, 22) reveal
reactivities to cleavuge pr. <ty imwasters blots out they
are not able to respend t¢ thosz in IEF-immunoorints.
These epitopes seem t0 be associated with the denatured
structure of OVA and it might be conciuded that part
of their recognition sites are sequential =pitopes. With
the peptide blots we were :nle 1 detect a sreater number
of differences in some oi ine unugenmi. Jeierminants
of OVA than with blots of the intact molecuie. igE
reactivity to CNBr-cleavaee products in western blois
and immunoprints reveals .22t mAb binding seems to be
associated with the same r closeiy related structures of
OVA.

High resolution 2D elaciroshoresis allowed the
identification of CNBr-cieav.ge products by M -:erminal
sequence analysis. Three diuizrent fragments corzespond-
ing to amino acid residues 41-172. 173-196 and 30:- 383
were identified. Some ! ugments in the lower mol. wt
range of 2-6 kDa pos::ss immuanologic reactivity both
with human IgE and mAbs. but these spots ccuid not be
visualized by Coomassie :.uining and thus 2 sequence

analysis and identificaion was not possible. 1t couid
be demonstrated that <=vsr.l fragments with identical
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N-terminal sequence and mol. wt possess spots at differ-
ent pl which might be due to chemical modifications
during the cleavage procedure or microheterogeneity of
the respective fragment, e.g. substitution of one amino
aad residue by another one. Such an exchange is
obvious in fragment 41-172 (spot 10 in Fig. 6) where Val
at position 41 is substituted by Glu.

In contrast to the immunoblots of CNBr-cleaved
OVA obtained from 1D-SDS-PAGE most of the mAbs
showed reactivities with fragments in 2D-biots although
this reactivity appears to be much weaker than that of
patients’ IgE. This may be interpreted in the following
way: the peptides on 1D-strips were denatured by urea
but not by heating. The urea may diffuse during the
blotting and/or incubation procedures. allowing a re-
folding of the larger peptides into their native structure.
These structures could be recognized by most of the
monocional antibodies demonstrating the requirement
of a special conformation. This is also indicated by the
observation that some mAbs show reactivities with the
three different cleavage products which were identified
by microsequence analysis, suggesting that each of these
fragments is invoived in one antigenic site of OVA or
has at least cross reactive properties. This observation
indicates again that most of the mAbs recognize confor-
mational epitopes. The peptide in spot A is recognized
only by the mAbs nos 9, 20 and 24. It seems to be
immunogenic in the mouse but no human IgE reactivity
was observed. Unfortunately it was not possible to
identify this peptide by N-terminal sequence analysis
because anv protein staining failed. Spot 11 in Fig. 6 is
a structure which is recognized by the patients’ IgE but
there was no respective binding of any mAb. Sequence
analysis revealed that this fragment may be a product

of incomplete cleavage or reassembling between
CNBr-fragment 41-172 and 173-196.
The question arises, why only few mAbs recognize

the c.cavage products under the native condiuons of
t=F-immunoprints. A possitie explanation may be the
¢ of CNBr-acuvated nitrocellulose membranes be-
cause other membrane materials like unireated nitro-
cziluiose or PVDF failed to immobhiiize pepuides by
the method of capillar blotting. The inmobilization of
reptides/proteins on CNBr-activatec ntrocellulose is
Gue to covalent binding which might iz in a defor-
maztien of smaller protein fragments inc thus hamper
the recognition by most of the mAbs. in contrast, the
patients’ IgE showed reactivities on [Er -immurnopniats
of cleavage products which suggests th.t numan IgE
binding is preferenuaily associated with = uential pro-
tein structures. A further reason for th.: -bservation
may be that only the polyclonal paten:s’ IgE is able
1o give a strong signal in immunoprint, of clzavage
products whereas most mAbs do not.

The comparison of the immunor:z. 1ve fragments
with information about the crystal sir. o ure of OVA
(Stein e ai.. 1960 and plakalbumin (W - . _te: ..., 1990)
reveals that the reactive center loop of OV.x (residue
338-357) as a memoer of the serpin-family :s located
on the fragment 301-385, This is a fexth.c x-helix

H. KAHLERT ez al.

protruding from the molecule. Most of the mAbs
showed reactivities with the respective fragment indicat-
ing that this structure might be very immunogenic.
CNBr-cleavage product residue 41-172 contains a num-
ber of helices (helices hB, hC, hC2, hC3, hD. hE, hF) in
its secondary structure which are located at the surface
of plakalbumin (Wright er al, 1990) and thus may
contribute to the immunogenicity of this fragment. The
observation that mAbs and patients’ IgE showed bind-
ing to the fragments 41-172 and 301-385 indicates that
these fragments contain structures that are very im-
munogenic both in mice and in man.

The fragmentation of OVA with endoproteinases
or chemicals of another cleavage specificity than CNBr
and binding studies with synthetic pepudes of OVA
should allow further identification of the antigenic and
allergenic binding sites of OVA.
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