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Abstract

The major allergens of Parietaria officinalis were characterized with a panel of
nine monoclonal antibodies (mAbs). The binding of mAbs and patients’ IgE in
Western blots revealed two proteins with similar molecular weights in the range
of 8-10 kD. Analysis of the mAb-binding patterns in Western blots of P, offici-
nalis extract under reducing and nonreducing conditions allows the mAbs to be
divided into three different groups. mAbs of group I recognize the higher-molec-
ular-weight component (9.4 kD), mAbs of group II recognize the lower compo-
nent (8.8 kD) and mAbs of group III recognize both proteins. A comparable
mAb-binding pattern was observed with Western blots of Parietaria judaica. The
mAbs were used for affinity purification of the corresponding proteins from a P
officinalis extract. The purified proteins obtained with mAbs of group I-111 in-
hibit the binding of patients’ IgE (serum pool) to a high degree, indicating that
they possess the major IgE-reactive epitopes. The affinity-purified proteins were
subjected to SDS-PAGE, blotted and immunologically stained by mAb binding.
The results confirmed those obtained with the complete extracts. The N-terminal
amino acid sequences of the blotted proteins were analyzed. The sequences of
all the proteins contained highly conserved regions: GGVV (positions 4-7) and
MPPLL (positions 11-15), alternating with highly variable regions (positions 1-3
for group II and 8-10 for group I). A specific group I sequence appears to be at
position 1-3 with the amino acids APA and a specific group Il sequence appears
to be at position 810 with the amino acids GAL. It is possible that the two similar
proteins are isoforms of Paro 1.

sasssssssnsssnnnnnn .

tract preparation and, additionally, the characterization of
components of test systems established for quantification

Plants of the genus Parietaria are a major cause of al-
lergic disease, particularly in the Mediterranean area and
south-east Europe but also in southern parts of Great Britain
and in Austria [1, 2]. The long pollen season of the Parieta-
ria species underlines the importance of effective and safe
immunotherapy. An important criterion for the standardiza-
tion of allergen extracts used for diagnosis and immuno-
therapy is the quantification of major allergens [3, 4]. This
requires their identification and analysis in the allergen ex-

purposes.

The major allergens of Parietaria officinalis and Parie-
taria judaica, Par o 1 and Par j 1, respectively, have been
described. Par o | was identified as a glycoprotein of about
ISKD [5] or 14.5 kD with a protein:carbohydrate ratio of
100:21 [6]. The sequence of 12 N-terminal amino acids fora
purified Par o | protein has been described, but it is still an
open question whether there are other closely related major
allergens in the P, officinalis extracts sharing dominant epi-
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topes with this protein [6]. Several publications have dealt
with the major allergen Par j | from the closely related spe-
cies P judaica. Estimates of the molecular weight of Par j |
by SDS-PAGE varied between 10 and 15 kD [7-11]. Recent-
ly, Par j 1 was described as consisting of two isoforms with
different molecular weights of 13 and 10.5 kD and similar,
but not identical, N-terminal amino acid sequences [12]. To
a certain extent, these sequences coincide with the N-termi-
nal sequence described for Par o 1 [6]. A ¢cDNA clone en-
coding Parj | has been isolated and its DNA sequence deter-
mined. The ¢cDNA encoded an allergenic protein of 14,866
D and a deduced amino acid sequence containing 143 resid-
ues [13]. This sequence shows a certain homology to the
N-terminal sequence described by Ayuso et al. [12], but is
not identical.

A strong cross-reactivity between extracts of P officina-
lis and P, judaica and for the group I allergens of three Parie-
taria species, P, officinalis, P judaica and Parietaria maur-
itanica has been reported [6, 10, 14].

In this study, monoclonal antibodies (mAbs) against the
major allergenic fraction of a P officinalis extract were se-
lected on the basis of their ability to contribute to the molec-
ular characterization of the major allergen. This was per-
formed in Western blots of P officinalis. The binding

patterns of the mAbs obtained with P, officinalis were com--

pared with those obtained with P judaica extract. Several
mAbs were chosen for the affinity purification of the aller-
gens from P, officinalis extracts. The purified allergens were
analyzed by SDS-PAGE, by the determination of the N-ter-
minal amino acid sequence and for their IgE reactivity by
immunoblotting and an inhibition ELISA.

Materials and Methods

Parietaria Pollen Extract

As starting material, we used a commercially produced extract of
P officinalis pollen (Allergopharma, Reinbek, Germany). The raw
material was purchased from Allergon (Engelholm, Sweden). Briefly,
the pollen was extracted in Coca’s solution (5g NaCl and 2.5¢
NaHCO./1) at 4°C for 16 h, centrifuged, diafiltered (molecular weight
cut-off of 5 kD), lyophilized and stored at —20°C.

Patients’ Sera

Seventeen serum samples from Parietaria-allergic patients were
obtained from Greece and Spain. Their RAST classes were in the
range 2.2-4. All the sera were included in a Parietaria serum pool in
equal volumes.

mAbs

mAbs were obtained by fusing spleen cells from BALB/¢c mice im-
munized with a Par o l-enriched fraction of the supernatant of a 60%
ammonium sulfate precipitation of P officinalis extract and the myelo-
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ma cell line P3X63Ag8U.1 (ATCC No. CRL 139/) accoiuing w u
methods described by Kéhler and Milstein [I15] and Goding [16].
Screening of the hybridoma cells was performed in a direct ELISA in
microtiter plates coated with 10 ug P officinalis extract/ml 0.1 M car-
bonate buffer pH 9.6. The hybridoma supernatant was diluted 1:1 with
PBS/Tween/BSA buffer (6.845 mM NaCl, 0.135 mM KCI, 0.507 mM
Na,HPO,.0.073 mM KH,PO,, 0.05% Tween 20, 1% BSA) pH 7.4. An-
tibody binding was detected using an alkaline phosphatase (AP)-la-
beled goat anti-mouse 1gG (H and L specific: Jackson Immunore-
search, West Grove, Pa., USA), diluted 1:5,000 in the Tris/Tween buffer
pH 7.4 and the phosphatase substrate 4-nitrophenylphosphate, I mg/ml
DEA solution (0.1 M dicthanolamine, 0.5 mM MgCl,, pH 9.8). The ex-
tinction was measured at 405 nm with an automatic ELISA reader pho-
tometer. In a second step, the ELISA-positive hybridomas were tested
on Western blots of P officinalis extract and those which showed a
reactivity in a range of 8-14 kD were selected. These hybridomas were
cloned twice by limiting dilution.

The detection of the immunoglobulin subclass was performed with
a Hybridoma Sub-Isotyping Kit, mouse (Calbiochem, La Jolla, Calif.,
USA).

SDS-PAGE and Western Blot

SDS-PAGE was performed according to Laemmli [17] in vertical
slab gels with an acrylamide concentration of 13 and 14% T and 2.6%
C. Disulfide bonds were reduced with dithiothreitol. 10-20 ng of Pa-
rietaria extract were applied/cm gel. Western blotting was performed
by semi-dry electroblotting according to Kyhse-Andersen [18] with a
Semi-Dry-Blotting System (Multiphor 11, Novablot: LKB, Bromma,
Sweden) with a current of 0.8 mA/ecm? for 60 min. Nitrocellulose blot-
ting membranes (pore size .45 nm) were purchased from Schleicher
& Schuell (Dassel, Germany). The marker proteins used in these SDS-
PAGE systems were rainbow markers 2.35-46 kD and 14.3-200 kD
(Amersham, Braunschweig, Germany) or the LMW Calibration Kit:
14.4-94 kD from Pharmacia (Freiburg, Germany).

Affinity-purified Parietaria proteins were analyzed by the SDS-
PAGE system according to Schiigger and von Jagow [19] trying acryla-
mide concentrations of 14.5, 16.5 or gradients from 8-20% T and 3% C
in the separation gel. The stacking gel had an acrylamide concentra-
tion of 4% T. 3% C and the spacer gel one of 10% T and 3% C. The
calibration kit for polypeptide-molecular-weight determination with a
range of 2.5-17 kD was purchased from Pharmacia. When gel staining
was performed, a solution of 0.15 (wt/vol) Coomassie brilliant blue G
250 (Serva, Heidelberg, Germany), 7% (vol/vol) acetic acid and 15%
(vol/vol) methanol was used. Destaining of the background was per-
formed with a solution of acetic acid and methanol in the same concen-
trations as above.

Immunoblotting Analvsis

For the detection of mAb binding, 3-mm wide strips of blotting
membrane were incubated overnight with 2 ml culture supernatant and
2ml TBS-Tween (0.1 M Tris, 0.1 M NaCl, 2.5 mM MgCl,, 0.05%
Tween 20, pH 7.4). Afier three washes in TBS-Tween pH 7.4, the strips
were incubated with AP-conjugated goat anti-mouse 1gG (specific for
H and L chains) diluted 1:20,000 with TBS-Tween for 3 h. mAb bind-
ing was visualized by the enzymatic reaction of AP with a substrate
solution of nitro blue tetrazolium (NBT) 0.033% and 5-bromo-4-chlo-
ro-3-indolyl phosphate disodium (BCIP) 0.017% in TBS without
Tween, pH 9.5.

The binding of IgE from patients™ sera was performed by incubat-
ing the strips with human serum diluted 1:5 with TBS-Tween pH 7.4
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overnight. After three washes with TBS-Tween, IgE binding was vi-
sualized either by incubation of an AP-conjugated monoclonal anti-
human IgE (Allergopharma) for 3 h and subsequently with the sub-
strate NBT/BCIP or by autoradiography with a '**I-labeled anti-hu-
man lgk (Allergopharma).

Protein staining of the membranes was performed with a solution
of 0.1% India ink (Pelikan Fount India, Pelikan, Hannover, Germany)
in TBS-Tween.

Affinitv Chromatography

The procedure was performed according to Harlow and Lane [20].
For the preparation of an affinity column. the mAbs obtained from
300 ml hybridoma supernatant by precipitation with 50%-saturated
ammonium sulfate were used. The precipitate was resuspended in
10 ml 0.2 M phosphate buffer pH 7.2 and incubated with 2 ml Pro-
ten-G Sepharose 4 Fast Flow (Pharmacia) overnight by slight agita-
tion. The Sepharose was subsequently pelleted by centrifugation
(3.000 g for 5 min), resuspended in 0.2 M borate buffer pH 9 and
washed twice with the borate buffer. Finally, the gel was resuspended
in 10 ml borate buffer, 52 mg dimethy! pimelimidate (Sigma. Deisen-
hofen. Germany) were added and the gel incubated for 30 min at room
temperature under slight agitation. After pelleting, the reaction was
stopped by incubation in 0.2 M ethanolamine buffer pH 8 for 2 h at
room temperature under slight agitation, followed by another centrifu-
gation step. Finally, the gel was resuspended in 0.2 M phosphate buffer
pH 7.2, transferred to a column and equilibrated with the phosphate
buffer. 0.8 mg P officinalis exiract were applied and the bound protein
was eluted with 0.1 M glycine buffer pH 2.5. The affinity-purified pro-
teins were analyzed by SDS-PAGE and their purity checked by Coo-
massie staining the gel. The protein concentration was determined ac-
cording to Lowry etal. [21] and Wahl etal. [22].

Amino Acid Sequence Analvsis

Determination of the N-terminal amino acid sequences was per-
formed on an Applied Biosystems (Weiterstadt. Germany) AB1 476A
pulse liquid sequencer. About 70 ng of the affinity-purified protein
separated by SDS-PAGE and blotted on ProBlott membrane (Applied
Biosystems) using CAPS blotting buffer (10 mM 3-[cyclohexylami-
nol-I-propanesulfonic acid, 10% (vol/vol) methanol, pH 11) were ap-
plied according to Matsudeira [23]. The protein bands were stained
with 0.1% (wt/vol) Coomassie blue R250 in 40% (vol/vol) methanol
and [% acetic acid by destaining the background with 50% (vol/vol)
methanol. Separated bands were cut out of the membrane and arranged
in the cartridge block of the sequencer. At least 15 amino acid residues
starting from the N- terminus were analyzed per protein.

Inhibition of Patients' [gF

Microtiter plates were coated with P2 officinalis extract at a protein
concentration of 1 g/ml in carbonate buffer (0.1 mol/I) pH 9.6 by in-
cubation overnight at 4°C. After blocking free binding sites with PBS/
Tween/BSA for |5 min, patient’s serum diluted 1:2 was incubated with
cqual volumes of different concentrations (10, 1, 0.1, 0.01T and 0.001 ng/
ml) of affinity-purified Parietaria allergens. The mixtures were prein-
cubated for 30 min in vials and then applied to the microtiter plate and
incubated for a further 2.5 h. After washing 5 times, a horseradish-
peroxidase-conjugated anti-IgE mAb (Allergopharma) was applied
and incubated for 3 h at room temperature followed by another wash-
ing step. Antibody binding was visualized by incubation with 2,2-azi-
no-bis(3-cthylbenzthiazoline-6-sulfonic acid) substrate (Sigma).

Characterization of Parictaria officinalis
Allergens

Results

Definition of Major Allergens by Patients' Sera

The seventeen serum samples of Parietaria-allergic pa-
tients were used to confirm the major allergens in Parietaria
extracts (fig.1). In both P officialis and P judaica extracts,
two narrow bands with molecular weights of 8.8 and 9.4 kD
(9.8 kD for P judaica) were detectable in Western blots of
the Laemmli SDS-PAGE (13% T) system with the majority
of patients’ sera. The 9.4-kD band in the P officinalis extract
was recognized by fifteen of the seventeen sera, and six of
these also reacted with the 8.8-kD band. All sera recognized
the 9.8-kD component of £ judaica and ten of the seventeen
patients the 8.8-kD band. In some cases, the reactivity pat-
tern with the two Parietaria species did not coincide, e.g.
patients No. 9, 10 and 17. These patients showed a strong
reactivity with only the 9.4-kD band from P, officinalis, but
in the P judaica extract both bands of the doublet were rec-
ognized with intense staining. All seventeen sera were taken
to prepare a serum pool.

Characterization of mAbs by Western Blotting

From a panel of mAbs with reactivities spanning the
whole molecular-weight range in Western blots of P offici-
nalis extract, nine mAbs with reactivities in the range of
about 8-12 kD were selected. All mAbs belonged to the
IgGl isotype.

mADb characterization was performed with Western blots
of P officinalis and P judaica extracts under reducing and
nonreducing conditions (fig. 2, 3, table I). The reactivity of
patients’ IgE from the serum pool was tested simultaneously
on the same blots (documented for P judaica only, fig. 3). It
was possible to divide the mAbs into three groups (summa-
rized in table 1) on the basis of similarities in their binding
patterns in Western blots of P officinalis extract. To demon-
strate the small differences in the apparent molecular
weights of the proteins, these are expressed at the level of
0.1-kD accuracy. With P officinalis extract, group I mAbs
exhibited a main reactivity at 9.4 kD, mAb 2F9 only very
weakly and mAb 4C2 showing further reactivities with
bands of higher molecular weight: 15, 23 and 43 kD. Under
nonreducing conditions, the three mAbs possessed a main
reactivity at 11 kD with similar intensity. Group Il mAbs
showed a reactivity at a band of slightly lower molecular
weight, 8.8 kD, and a characteristic binding pattern (12, 16,
19, 22 kD) under nonreducing conditions. Group 11 mAbs
possessed a reactivity at 9.4 kD and under nonreducing con-
ditions another characteristic binding pattern (11, 19.4 kD)
(fig. 2, table I). The mAb reactivity patterns on Western
blots of P judaica (fig. 3) resembled those obtained with
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Fig. 1. Binding of IgE antibodies from the sera of seventeen Parietaria-allergic patients on Western blots (SDS-
PAGE: 13% T) of P, officinalis (a) and P, judaica (b). Lane 1-17 = patients’ sera: 18, 19 = pool of the seventeen sera at

two different dilutions.
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Fig. 2. Binding of mAbs on Western
blots (SDS-PAGE: 14% T) of P, officinalis ex- 143 —
tract under reducing (a) and nonreducing (b) S

conditions. Lane | = protein staining with In-
diaink; | = hyperimmune serum; 2 = negative
control; 3 = mAb 2F9: 4 = mAb 4C2:
5=mAb 7D9; 6 =mAb IC5: 7=mAb 8B6; a
8 =mADb 3F8; 9=mAb 8C7; 10 =mAb 3E3;
11=mAb 6CIL
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P, officinalis, with some variations in the molecular weights
of the allergen, summarized in table 1 (only the main reac-
tivities are included for the nonreducing conditions).

The reactivities of patients’ IgE antibodies from the se-
rum pool were tested on blots of P, officinalis and P judaica
(only shown for the latter in fig. 3). The two main bands at
8.8 and 9.4 (9.8) kD showed a strong IgE reactivity (fig. 1, 3).

144 Int Arch Allergy Immunol 1996:109:141-149

Affinity Purification of Major Allergens

The major allergens from P officinalis extract were puri-
fied by affinity chromatography using mAbs 2F9, 7D9, 3F8,
8B6 and 8C7. The molecular weights of the different affin-
ity-purified proteins were estimated by peptide SDS-PAGE
according to Schigger and von Jagow [19]. The molecular
weights of the proteins from P, officinalis extract recognized
by mAbs of group 1, 11, and 111 were not clearly distinguish-
able (fig. 4), but precise measurements lead to an apparent
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Table 1. Binding pattern of mAbs and

IgE from Parietaria-allergic patients in mAb P officinalis P judaica P officinalis P judaica mAb
Western blots of £ judaica and P officinalis reduced reduced nonreduced nonreduced group
extract under nonreducing and reducing _
St 2F9 94 98 1l 9.4
4C2 94,15,23,43 98,2343 11 9.4 |
7D9 94 9.8 11 9.4
1C5 8.8 8.8 12,16,19,22  6.5,94, 14.6,20
3Bo 8.8 8.8 12,16,19,22  6.5,94, 14.6,20 11
3F8 8.8 8.8 12,16,19,22  6.5,94, 14.6,20
8C7 9.4 8.8,9.8 1,19 94, 17.6
3E3 94 8.8,9.8 11,19 94, 17.6 Il
6C11 9.4 8.8, 9.8 11,19 94 176
Patients’ 8.8, 9.4 8.8,98 11,12 6.5,94, 12, 14.6, 176,20
Igk

30 —

215 —

143 —

65 —

1 2 3 4°P

[kDa]

Fig. 3. Binding of mAbs on Western blots, (SDS-PAGE: 14% T)
of P judaica extract (reduced). Detection of human IgE binding: Lane
A = serum pool of Parietaria-allergic patients; N = serum pool of non-
allergic persons: C = control, buffer only. Lane 1= protein staining
with India ink. Detection of mouse 1gG binding: Lane 1= hyperim-
mune serum; 2 = buffer control; 3=mAb 2F9; 4 =mAb4C2; 5=mAb
7D9; 6=mAb 1C5; 7=mAb 8B6; 8=mAb 3F8; 9=mAb 8C7;
10=mAb 3E3; 11 =mAb 6CII.

molecular weight of 8.8 kD for the group II protein and
9.4 kD for the group [ and III proteins. The protein eluting
from the column amounted to approximately 5-15% of the
material applied.

The reactivities of the nine mAbs were tested on Western
blots of the affinity-purified proteins (fig. 5). On blots of
proteins purified with a group | mAb (2F9), the mAbs of
group | showed the strongest reactivity with the 9.4-kD

Characterization of Parietaria officinalis
Allergens

Fig. 4. SDS-PAGE (Schigger and von Jagow system) of affinity-
purified P officinalis proteins obtained with several mAbs. Coomassie
staining. P = Peptide-molecular-weight marker; lane 1-4 = affinity-
purified proteins obtained withmAb 3F8 (1); 8C7(2), 8B6(3) and 2F9
(4).

band, as expected. Group I1I mAbs were also reactive with
this protein, whereas the group I mAbs showed no reac-
tivity. Conversely, whilst blotted 8B6- and 3F8-purified
proteins showed very strong binding with the group II
mAbs, group I11 mAbs also showed some degree of binding.
Concerning group I mAbs, mAb 4C2 showed weak reac-
tivity, whereas the others did not. On blots of a protein ob-
tained with a group I1I mAb (8C7), all mAbs showed strong

Int Arch Allergy Immunol 1996;109:141-149 145
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Fig. 5. Binding of mAbs on Western blots of the P officinalis allergen obtained by affinity purification with mAbs
2F9, 8C7. 3F8 and 8B6. Lane A = IgE from patients’ serum (pool from sera 1-17); N = IgE reactivity from a serum pool
from nonallergic people; C = negative control for human IgE: | = protein staining with India ink: H = hyperimmune
serum; | = negative control for mouse 1gG: 2 =mAb 2F9; 3 =mAb 4C2; 4=mAb 7D9; 5=mAb 1C5: 6 = mAb 8B6:
7=mAb 3F8; 8 =mAb 8C7: 9 =mAb 3E3: 10 =mAb 6CI1.

binding, the reactivity of the group Il mAbs lying at a slight-
ly lower molecular weight than those of the group I and 111
mAbs. The incubation of these blots with serum pool of Pa-
rietaria-allergic patients revealed a strong IgE reactivity at
the relevant band with all the affinity-purified proteins test-
ed (obtained with mAbs 3F8, 8B6 and 8C7).

Mouse mAb-Purified Proteins Represent the Major

IgE-Binding Allergens

In an ELISA with P officinalis-extract-coated microtiter
plates, almost complete inhibition (88%) of binding of pa-
tients’ IgE was achieved (fig. 6). To establish whether the
affinity-purified proteins represent the major IgE-reactive
components in the extract, their inhibitory capacity was
tested in this inhibition ELISA. As shown in figure 6. the
IgE-binding could be inhibited to a high degree, with maxi-
mal inhibition values ranging between 79.6 and 93%. 50%
inhibition was achieved with 65 and 75 ng/ml of the purified
group 111 and I proteins respectively, with 105 ng/ml of the
purified group II proteins and 110 ng/ml of the extract.

N-Terminal Sequence Analysis of Affinity-Purified

Proteins

The affinity-purified proteins of P, officinalis extract ob-
tained with mAbs from each group (mAbs 2F9, 7D9, 3F8,
8B6. 8C7 and 7D9) were used to perform an N-terminal

Int Arch Allergy Immunol 1996; 109:141-149

146

amino acid sequence analysis after SDS-PAGE under re-
ducing conditions and blotting. With mAb 8C7, the two
bands of 11 and 19 kD obtained under nonreducing condi-
tions were taken. The sequences are shown in table 2.

The N-terminal sequences of the six proteins (3F8:
8.8 kD; 7D9: 9.4 kD; 2F9: 9.4 kD; 8B6: 8.8 kD; 8C7: 11 and
19 kD: table 2) are identical at positions 4, 5, 6 and 7
(GGVV) and at position 11 (M), 13 (P) and 15 (L). In posi-
tions 11-15, the sequence is nearly identical between all the
proteins investigated, consisting always of three identical
amino acid residues (M, P, L) but in different compositions
(MPPLL, MPPPL, MMPLL), demonstrating that amino
acid exchanges appeared at positions 12 and 14. For the 11-
kD component of the 8C7 proteins, there appeared to be an
exchange or addition at position 14 (L/P), and for the 19-kD
component an exchange at position 12 (P/M).

The comparison of the N-terminal sequence of the major
allergens recognized by mAbs of group L., [T and 11 revealed
homologous regions in the sequence alternating with more
or less variable regions (table 2).

Variability in the N-terminal sequence is evident at posi-
tions 1-3 and 8-10. The first three amino acids are consid-
ered to be identical for the affinity proteins of mAbs 7D9,
2F9 and 8C7 with 9.4 kD; similarities are also evident for
the 19-kD component of mAb 8C7, but the amino acids 1-3
differ completely in the 3F8 and 8B6 protein. In positions 8,
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100
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Fig. 6. Inhibition of the binding of IgE
from Parietaria-allergic patients by P offici-
nalis extract (O) and four affinity-purified 5 i;

Parietaria allergens obtained with mAbs 3F8 0 0 06 1 0:6 ; 0' 1 1 10
(@),2F9 (-_IIJ. 8B6 (M) and 8C7 {&}aldlffef‘ent Inhibitor congentration (g/mi)

concentrations. Values are as a percent of the
uninhibited binding of IgE.

Table 2. N-terminal sequences of six affinity-purified proteins from £ officinalis extract obtained with mAbs 2F9, 8C7, 7D9, 3F8 and 8B6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

2F9 APAGGVVPII MP P ? 2 FF
(A)
7D9 AAAGGVYVY VHHI MP P L
P Ky  (K)
8C7 A PAGGVYVYVYVAAMP P P L
(n G (D)
8C7 GPV GGV VHAH MMTZP L L
2) (A) (P) (P) (H) (1)
3F8 EEX GGV VGAL MP P L L
(M Ty (T (G)(A) (L) (M) (P)
8B6 GTTGTVVGAL MP P L F VQGIKETKE?PPS?K? G
(E) (G) (P)
Po.l A T G KV VQGA MZP P
(T) (A) (1)
Pj. 1 A D GKVVQDI MP P L L F VK
(T)
Pj.2 GPXGKVVXDI MP PL L F VEKG
Pj.cDNA MV RALMTPCLPTF VQGEKETZ KETPSTEKTEGTE CC

The sequence analysis was performed from blotted proteins after SDS-PAGE under reducing conditions, except for mAb 8C7, where the two
proteins under nonreducing conditions were taken: 1 = 11-kD protein; 2 = 19-kD protein. The lower part of the table lists the known sequences
from the literature: Po. 1 = Par o | allergen, 144 kD [6]: Pj. 1 =Par j 1 isoallergen, 10.5kD [12]: Pj.2 = par j | isoallergen, 13 kD [12]; Pj.
DNA = sequence of Par j 1 deduced from a cDNA [13]. The amino acids in parentheses could substitute at these positions.
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9 and 10 the two 8.8-kD proteins obtained with mAbs 3F8
and 8B6 have identical sequences (GAL), whereas the other
proteins of 9.8 kD differ from each other at these positions.

Discussion

The mAbs distinguished between two proteins with very
similar molecular weights in P officinalis extract. Patients’
IgE (pooled serum from seventeen allergic patients and the
single sera) bound strongly to both proteins as demonstrated
in Western blots of the extract (fig.1, 3) and the affinity-puri-
fied proteins (fig. 5) and by the inhibition of IgE binding to
the extract with the affinity-purified proteins (fig. 6).

Using SDS-PAGE and immunoblotting, we found mo-
lecular weights of 8.8 and 9.4 kD for the two proteins in
P, officinalis extract (8.8 and 9.8 kD in P judaica extract).
These molecular weights are slightly lower than those de-
scribed in the literature [5, 6] for the major allergen, but
from the degree of homology between the N-terminal se-
quences of the affinity-purified proteins with those de-
scribed in the literature, it is possible that the two proteins
correspond to isoforms of Par o | and, furthermore, to the
Parj 1 isoforms.

Several reasons may account for the variation in molec-
ular weight obtained by us and other researchers: (a) var-
iability of the raw material obtained from different loca-
tions, probably an inherent variability in the amino acid se-
quence of the proteins representing the major allergen of
P, officinalis and P, judaica; (b) different methods employed
for the detection of molecular weights, i.e. HPLC and dif-
ferent SDS-PAGE systems, and (c) different procedures em-
ployed for protein extraction from the pollen.

The detection of two similar proteins, distinguished by
differences in molecular weight, mAb-binding, N-terminal
amino acid sequence and IgE reactivity, is in accordance
with the publications of Oreste et al. [6] and Ayuso et al.
[12]. The proteins probably represent two isoforms of Par
ol

The reactivities of the mAbs in Western blots of the af-
finity-purified proteins and the extract under reducing and
nonreducing conditions suggest that one epitope appears on
both isoforms of Par o 1 (recognized by mAbs of group I11),
whereas the other two epitopes (recognized by mAbs of
group I and II) are associated with the different isoforms.
Since we extended our mAb characterization to the other
important Parietaria species, P judaica, we could show that
the mAbs had very similar binding characteristics and the
difference between the two molecules/isoforms persists be-
tween these two species.
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When testing the seventeen sera of Parietaria-allergic
patients in Western blots of P, officinalis and P, judaica ex-
tracts, we could show that the two proteins of the doublet
must exhibit additional IgE-reactive epitopes, since the in-
tensity of IgE binding to the two bands differs from patient
to patient and within the IgE of one patient between the two
Parietaria species. Ayuso et al. [11] made similar observa-
tions for the two different forms of Par j 1 with a panel of
twenty sera. On the other hand, all the affinity-purified pro-
teins obtained with our mAbs possess the major [gE-reac-
tive epitopes, since they strongly inhibit (80-93%) the bind-
ing of IgE to allergen extract on a solid-phase. This may
indicate that the main IgE epitopes on both molecules/iso-
forms are identical. Although the Par o 1 isoforms account
for only 15-30% of the total protein in the extract, they nev-
ertheless inhibit binding of the majority of IgE antibodies.
Residual IgE binding activity must be attributable to other
IgE-reactive proteins. When comparing the amount of al-
lergen necessary to achieve 50% inhibition, the group I and
[1I proteins have the highest inhibitory activity, whereas the
group II proteins and finally the extract give values which
are slightly higher, indicating a smaller inhibitory activity.

Table 2 shows our sequences in comparison with those
from other publications [6, 11, 13], for two isoforms of Parj 1
and fora Par o | protein. The sequences MPPLL and GKVV
instead of GGVV were found for these proteins at nearly the
same positions. The blotting results suggested that the 9.4-
kD proteins obtained with mAbs 7D9, 2F9 and 8C7 were
identical, but their N-terminal sequences differ at positions
8-10. From the results obtained by microsequencing, it
seems that there are several very similar proteins in Parieta-
ria extracts possessing conserved sequences beside se-
quences of high variability and that the two main isoforms
of different size possess a certain microheterogeneity. Such
microheterogeneity within isoforms of different size has
been described for other allergens, like Phl p 5 [24] or Amb
aland 2 [25]. The biological significance of this variability
is unknown. In Par o 1, a specific sequence for the 9.4-kD
protein/isoform seems to be APA at positions 1-3 and for
the 8.8-kD proteins, GAL at positions 8-10.

The N-terminal sequence of the 19-kD protein obtained
with mAb 8C7 also shows an extensive degree of homology.
The protein may be a dimer of the 11-kD protein, since its
molecular weight is nearly double and it is only evident un-
der nonreducing conditions. The difference in the amino
acid sequence at positions 1-3 leads us to suggest that the
19-kD component may be a heterodimer.

Comparison of the sequence for the 8B6-purified pro-
tein, where more than 30 amino acids were analyzed, with
that deduced from a cDNA of Par j 1 [13] shows extensive
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homology (83%) spanning the sequence: *V*-ALMP*L-
FVQGKEKE-P-S-K-G (with * indicating a non-identical
amino acid residue), when inserting artificial gaps into the
sequences. This homology is further evidence of similar-
ities between the allergens of the two Parietaria species.
Furthermore, the sequence found for the 8B6-purified pro-
tein from P officinalis has a greater homology to this cDNA
sequence (83%) than the N-terminal sequences described
by Ayuso et al. [12] for Par j 1, where only 50% homology
could be found for this part of the sequence. The differences
in the sequence obtained by different researchers may be a
further indication of the heterogeneity of the major aller-
gens in Parietaria extracts. Investigation of individual
plants from the same and from different locations, as de-
scribed for Amb a 1 and 2 [25] on the genetic level, may

The heterogeneity of the major allergens in Parietaria
extracts has to be considered when developing alternative or
better-defined preparations for hyposensitization treatment,
e.g. when using recombinant allergens or peptides. This
will require further investigation of the epitopes at the B and
T cell levels. This heterogeneity must also be considered
when developing test systems for the quantification of al-
lergens in Parietaria extracts.
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