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We describe a group of basic isoforms of Par o 1 (cumulatively referred to
as Par o lb), purified by anion-exchange chromatography. The allergenic
activity of Par o lb was compared with that of the acidic isoform (Par o la)
by RAST inhibition. Par o lb showed a cathodic mobility in crossed
immunoelectrophoresis. It was found to be homogeneous in SDS-PAGE
and SE-HPLC (14.5 kDa), and heterogeneous in PAG-IEF, yielding five
IgE-binding bands with pi ranging between 7.9 and 9.6. PAG-IEF individual
components were isolated by cation-exchange HPLC. The N-terminal
amino acid sequence of the main component (pi 8.8) was determined and
found to be similar to that of Par o la.
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PoUinic extracts are very complex mixtures, includ-
ing antigenie moleeules (allergens) inducing an ab-
normal IgE antibody response in man (pollinosis).
In Italy, the prevalence of pollinosis caused by Pa-
rietaria (pellitory) is at least 30% in the adult aller-
gic population.

Parietaria is a genus of dicotyledonous weeds of
the family Urticaceae. The most relevant species are
Parietaria officinalis and P. judaiea.

The major pollen allergen of/*, officinalis. Par o 1,
has been purified by our group. Its molecular mass,
determined by SDS-PAGE, is 14 kDa, and the iso-
electric point is 4.6. It is a glycoprotein with a
protein-to-carbohydrate ratio of 100:21. The amino
acid composition and the sequence of the first 12
N-terminal residues have been determined. Par o 1
contains dominant epitopes for human IgE and in-
hibits Parietaria specific RAST up to 85% (13). A
cDNA sequence coding for an epitope common to
Par o 1 and Parj 1 has been described (18).

Parj 1, the major allergen of the species P. juda-
iea, has been isolated and characterized by several
groups (2, 6). Cloning, expression, and deduced pri-
mary structure of Par j 1 have been recently reported
(5). T-cell and antibody responses to P. judaiea al-
lergens have also been investigated (17).

The major allergens Par o 1 and Parj 1 are closely
related, as demonstrated by the comparison of their
physicochemical and allergenic features (4).

Like other proteins, some purified allergens con-
sist of isoforms: molecules isolated from the same
source displaying similar immunologic properties
and closely related physicochemical structure (8, 12,
15). Described isoforms of allergens share antigenie
and allergenic epitopes but differ in isoelectric point
because of limited amino acid substitutions or vary-
ing degree of glycosylation (14). Recently, two
isoallergens of Par j 1 have been separated by means
of monoclonal antibodies, and their N-terminal
amino acid sequences have been determined (1). We
show that a sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) band with an elec-
trophoretic mobility slightly slower than that of
Par o 1 corresponds to a group of basic isoforms of
Par o 1 (Par o lb).

Material and methods
Sodium dodecyl sulfate—polyacrylamide gel electro-
phoresis

SDS-PAGE was performed according to Laemmh
(10) under reducing conditions by boiling samples in
0.35 mol/l Tris-HCl buffer, pH 8.6, containing 6%
w/v SDS and 10% v/v 2-mercaptoethanol; the sepa-
rating gel contained a 10-15% polyacrylamide gra-
dient. The electrophoretic run was performed for 5 h
at 25 mA. The molecular weight standards used were
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from Bio-Rad (broad range). Separated proteins
were stained with Coomassie brilliant blue R-250,

barbital, pH 8.6. Immunoprecipitates were stained
with Coomassie brilliant blue R-250.

Polyacrylamide gel isoelectrofocusing

Polyacrylamide gel isoelectrofocusing (PAG-IEF)
was performed, according to Wrigley (20), with a
7.5% polyacrylamide gel containing 2.3% Bio-Lyte
3-10 and 0.9% Bio-Lyte 7-9 ampholytes. An
amount of 40 |ig of sample was focused for 14 h at
2 W. The apparatus was refrigerated at -^2°C. Pro-
teins of known pi (Bio-Rad) were used as markers.
Gels were stained with Coomassie brilliant blue
G-250 according to Reisner et al. (16).

Immunohlotting

The proteins separated by SDS-PAGE were trans-
ferred onto nitrocellulose sheets (BA 83 Schleicher
& Schuell) as described by Towbin etal. (19) at
20 mA for 14 h, in 25 mmol/1 Tris, 192 mmol/1 gly-
cine, pH 8.3, containing 20% v/v methanol.

The electrofocused proteins were transferred onto
nitrocellulose passively.

In both blotting procedures, the remaining reac-
tive sites of nitrocellulose were blocked with
50 mmol/1 Tris-HCl buffer, pH 8.0, containing
150 mM NaCl, 3% w/v BSA, and 0.3% v/v Tween
20, for 1 h at 37°C. The sheets were then incubated
for 16 h at 4°C with a pool of sera from 20 allergic
patients (or a pool of sera from 20 healthy people),
diluted 1:5 with 50 mmol/1 Tris-HCl buff'er, pH 8.0,
containing 150 mmol/1 NaCl, 0.05",,M NaN,, and
0.3% v/v Tween 20. Finally, bound IgE was re-
vealed by incubation with '"""I-labeled antihuman
IgE (6.8 fjCi/iJg, Pharmacia, preadjusted to
130 X 10"* cpm/ml), overnight at 4°C. Fuji NIF x-ray
films were exposed, with intensifying screens, to the
sheets for 1 week at -80°C.

Carbohydrate detection

The presence of carbohydrate residues on proteins
blotted onto nitrocellulose sheets was detected with
the DIG Glycan Detection Kit (Boehringer Mann-
heim Biochemica).

Crossed immunoelectrophoresis

Crossed immunoelectrophoresis (CIE) was essen-
tially performed as described by Lewenstein (11):
25 (ig of sample was applied; first-direction electro-
phoresis was carried out for 45 min at 8.6 V/cm; the
second one for 14 h at 2.8 V/cm in anodic and ca-
thodic gels containing respectively 21 and 31 )il of
rabbit and anti-/*. officinalis pollen extract antiserum
per cm~. The running buffer was 0.1 mol/1 Tris-

Anion-exchange chromatography

Anion-exchange chromatography was performed on
diethylaminoethyl cellulose (DE-52, Whatman), elut-
ing the sample (0.4 mg of the pollinic fraction ob-
tained by gel-filtration on Sephadex G-50) through
a 0.6 X 48 cm column at a fiow rate of 18 ml/h. Un-
bound proteins were recovered by using 5 mmol/1
Tris-HCl buffer, pH 7.8, as eluent; to recover the
bound fraction, two gradients of increasing NaCl
concentration (0.0-0.2 and 0.2-2.0 mol/1) were run
sequentially.

Cation-exchange chromatography

Cation-exchange chromatography was performed by
using an HPLC apparatus. The sample (26 |4g of
Par o lb) was eluted through an HRLC MA7C col-
umn (0.78 X 50 cm, Bio-Rad) with 0% B for 5 min
followed by a linear gradient of 0-50% B in 30 min,
at a flow rate of 1.5 ml/min. The buffers used were
as follows: A: 20 mmol/1 Tris-HCl, pH 6.4; B:
20 mmol/1 Tris-HCl, pH 6.4, containing 500 mmol/1
NaCl. The absorbance profile was determined at
280 nm (0.032 AUFS). Bio-Rad pi markers (cyto-
chrome C, pi 9.6; ribonuclease A, pi 7.8, myoglobin,
pi 7.0) were used to evaluate the isoelectric point of
separated peaks.

Size-exclusion HPLC

SE-HPLC was performed by eluting 13 )ag of sample
on a Protein Pak TM60 column (0.78 x 30 cm; pack-
ing material: bonded silica gel, particle size: 10 (i;
Waters-Millipore), for separation in the molecular
mass range 1-20 kDa. The mobile phase, which is
0.1 M phosphate buffer, pH 7.0, was used at a con-
stant fiow rate of 0.3 ml/min. Myoglobin (17.2 kDa),
ribonuclease A (13.4 kDa), and cytochrome C
(12.3 kDa) were used as molecular weight markers.
Absorbance was detected at 280 nm (0.032 AUSF).

Radioallergosorbent test inhibition

Inhibition of the radioallergosorbent test (RAST)
was performed as described by Gleich et al. (7). The
solid phase was prepared by covalently binding
Par o la or Par o lb or /*. officinalis extract proteins
to the cellulose (3). Bound IgE was revealed by in-
cubating each disk with 25 nl of ^'^I-labeled anti-
human IgE (5 X lO-' cpm/disk). The serum pool used
as reaginic serum, obtained from 20 patients allergic
to Parietaria, bound 40.1 or 32.4 or 42.7% of the
added cpm when P. officinalis extract or Par o 1 a or
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Paro lb was used as solid phase; the control pool,
obtained from 20 nonallergic individuals, bound 2.5
or 6.2 or 3.7% of the added cpm when the above
stated solid phases were used. Purified allergens,
whose protein content had been determined by the
Bio-Rad protein assay kit, were used as inhibitors.
Results were calculated according to the formula:

[1 - {b-c)/{a-c)] X 100

where a = cpm bound by noninhibited serum,
b = cpm bound by inhibited serum, and c = cpm
bound by the control pool. Each determination was
performed in duplicates and the values reported are
means. I 50% (protein concentration required to
obtain 50% RAST inhibition) was calculated by
plotting percent inhibition against protein concen-
tration.

N-terminal sequence analysis

Automated repetitive Edman degradation was per-
formed on a pulsed-liquid phase Sequencer model
477A from Applied Biosystem, equipped with a
120A analyzer for the on-line detection of phenyl-
thiohydantoin amino acid.

m.w.
kDa

200.0-

I16.3-
975-
66.2-

450-

31.0-

21.5-

Results
P. officinalis pollen extract includes an IgE-binding
fraction, obtained by Sephadex G-50 gel filtration
(13). The allergenic activity of this fraction was de-
termined by RAST inhibition and was found to be
24-fold higher than that of the whole extract. In
SDS-PAGE, performed under reducing conditions,
this fraction showed a doublet of very close bands
with the apparent molecular masses of 14.5 and
14.0 kDa (Fig. 1, lane b); both components specifi-
cally bound human IgE in immunoblotting. The
major allergen purified from the faster band, previ-
ously referred to as Paro 1 (13), is designated as
Paro la.

The doublet components were separated through
a DE-52 column by elution with an ionic strength
gradient as described in Material and methods; the
unbound fraction contained the slower migrating
band of the SDS-PAGE doublet, referred to as
Par o lb (Fig. 1, lane a), while the retained fraction
contained mainly the faster band (Fig. 1, lane c).
Both doublet components, blotted onto nitrocellu-
lose, were positive at the DIG glycan detection test.

The homogeneity of Par o lb was verified with
respect to either the molecular mass or the isoelectric
point. In SDS-PAGE, under reducing conditions.
Par o lb yielded a single band (Fig. 1, lane a). This
result was confirmed also under native conditions.
In fact, it gave a single symmetric peak in SE-HPLC,

Fig. 1. SDS-PAGE analysis of the fractions eluted by anion-
exchange chromatography. Lane a) unbound fraction (Paro lb)
(79 ng); b) pollinic fraction applied on column (described in Ma-
terial and methods) (198 |ag); c) retained fraction (364 ng).

performed on a calibrated column (Fig. 2A); the mo-
lecular mass values determined in both experimen-
tal conditions matched (about 14.5 kDa). In con-
trast, microheterogeneity was found with respect to
the isoelectric point. At least five bands of pi, rang-
ing from 7.9 to 9.6, were observed in PAG-IEF. The
IgE-binding activity of all PAG-IEF-separated com-
ponents was verified by immunoblotting (Fig. 2C).

CIE analysis of Par o lb revealed the presence of
at least three cathodic arcs (Fig. 2B), whereas
Par o la is known to give only one anodic arc (13).

Specific allergenic activities of Paro la and
Par o lb were compared by RAST inhibition using
P. officinalis whole extract as soHd phase; the protein
concentrations required to give 50% inhibition (I
50%) were found to be similar for both isoallergens:
I 50% was 4.8 |ig/ml for Par o lb and 4.6 ^ig/ml for
Par o la (Fig. 3A). These values are 23- and 24-fold
higher than that of the extract. The high values of
inhibition reached confirmed that both isoallergens
share most of the IgE-binding epitopes of the ex-
tract. To investigate the antigenic relationship be-
tween Par o 1 isoforms, we tested the ability of
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Fig. 2. Analysis of Par o lb. A) SE-HPLC profile (applied sample: 13 ng); arrows indicate elution times of molecular weight markers
(from left: myoglobin, 17.2 kDa; ribonuelease A, 13.4 kDa; cytochrome C, 12.3 kDa). B) CIE (applied sample: 25 ng). C) PAG-IEF
(applied sample: 40 ^g) - on left, CBB staining; on right, immunoblotting of focused bands; arrows indicate pi values of markers (from
top: 9.6, 8.6, 8.4, 8.2, 7.5, 6.5, 5.1).

Par o lb (Par o la) to inhibit the binding of specific
human IgE to solid-phase Par o la (Par o lb).
Fig. 3B shows extensive cross-reactivity between
Par o 1 isoforms.

Individual Par o lb isoallergens were separated
by cation-exchange HPLC, as described in Material
and methods. Five peaks were obtained and their pi,
estimated by reference to markers, were 7.9, 8.2, 8.4,
8.8, and 9.6, respectively. These values matched
those determined by PAG-IEF. The allergenic ac-
tivity of each individual peak was confirmed by
RAST inhibition with P. officinalis extract as solid
phase (Fig. 4).

Automatic Edman degradation of the main peak
(Paro lb, pi 8.8) was performed to determine
N-terminal amino acid sequence. This is reported in
Fig. 5, in comparison with that of Par o la.

Discussion

We have shown that Par o 1, the major pollen aller-
gen of P. officinalis, consists of isoallergens with
similar molecular mass but different isoelectric point.
We designated the acidic isoform (pi 4.6), previously
purified from the lower band of the SDS-PAGE
doublet, as Par o la, and the basic isoallergen com-
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Eig. 3. Cross-reactivity between Par o la and Par o lb. A) RAST
inhibition of IgE binding to solid-phase P. officinalis extraet pro-
teins by solution-phase Par o la (• •) or Par o lb ( = o).
B) RAST inhibition of IgE binding to solid-phase Par o la by
solution phase Par o lb ( = °) and to solid-phase Par o lb by
solution-phase Par o la (• •). Details in Material and meth-
ods.

plex, corresponding to the higher band, as Par o lb.
The above proposed nomenclature is also justified
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Eig. 4. Resolution of Par o lb isoallergens by eation-exehange
HPLC. Dashed line indieates gradient shape (0% B for 5 min,
0-50% B in 30 min; buffers: A) 20 mmol/1 Tris-HCl, pH 6.4;
B) 20 mmol/1 Tris-HCl, pH 6.4, eontaining 500 mmo!/l NaCl).
Arrows indieate elution times of myoglobin (pi 7.0), ribonuelease
A (pi 7.8), and eytoehrome C (pi 9.6) in sequenee from left. At
top on right, RAST inhibition aetivity of eaeh numbered peak is
reported.
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Eig. 5. N-terminal amino aeid sequenees of Par o la and Par o lb
(pi 8.8). When two amino aeid residues were found in equal molar
ratio, both were reported at same position.

by the immunologic behavior of these molecular spe-
cies (9). In fact, Par o lb is able to inhibit the binding
of IgE from allergic patient sera to solid phase
Par o la and vice versa. Furthermore, Par o la and
Par o lb isoallergens inhibit, at very similar protein
concentration, 50%of IgE binding to solid-phase
P. officinalis pollen extract antigens.

Par o lb consists of a complex of molecules dif-
fering in isoelectric point, as demonstrated by PAG-
IEF and cation-exchange HPLC. We also have evi-
dence from PAG-IEF that, besides Par o la (pi
4.6), other acidic isoallergens are present in the pol-
linic extract (unpublished data).

Differences in degree of glycosylation and in car-
bohydrate or amino acid composition could account
for the observed molecular heterogeneity. However,
the present amino acid sequence data, limited to the
N-terminal region, do not allow us to ascribe this
heterogeneity to difference in amino acid composi-
tion. On the other hand, the wide pi range found for
Par o 1 isoforms (4.6-9.6) suggests that the carbo-
hydrate moiety may be a determinant in this context.
Enzymatic or chemical deglycosylation could be use-
ful to clarify the role of carbohydrates in determin-
ing the isoelectric point. In addition, we plan to iden-
tify sugar residues of individual Par o 1 isoforms by
using a panel of different lectins.

As IgE-binding was detected with a pool of sera
from patients allergic to Parietaria pollen, only the
epitopes recognized by IgE present, in high titer, in
the majority of individual sera were identified. The
observed cross-reactivity between Par o la and
Par o lb can be attributed to sharing of these
epitopes. We do not exclude the presence of isoform-
specific epitopes. Furthermore, we plan to perform
PAG-IEF immunoblotting with an appropriate
number of individual sera to settle this point.

Recently, the presence of isoforms has been re-
ported also for the major allergen of the P. judaica
species. Ayuso etal. (1) observed that Parj i mi-
grates as a doublet in SDS-PAGE and showed that
the individual components (the slower termed
Parj la, and the faster Parj lb) were cross-reactive
by ELISA inhibition. The use of different SDS-
PAGE systems may account for the discordance
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found in the molecular mass values of Par o 1 and
Parj 1 allergens.

The sequence of the first 12 N-terminal residues
of Par o la has been previously determined (13). We
report here the sequence of 25 residues of Par o la
together with the 1-24 sequence of Par o lb (pi 8.8):
13 residues out of 24 determined were found to be
identical if the Par o lb (pi 8.8) sequence alignment
was offset backward by one residue. The limited
sequence data available at present do not allow us
to find a higher degree of homology between the
identified isoforms. However, the complete sequence
analysis would clarify this point.

Our data can be compared to those reported for
Parj 1: 17 N-terminal amino acid residues of Par j la
and 19 of Par j lb (1) and the complete sequence of
Parj 1 deduced from cDNA (5). Paro la shows
high homology with Parj la (94",, identity), but
lower homology with the sequence deduced from
cDNA. In addition, in comparison of Par o lb (pi
8.8) with Parj lb, only three out of 19 residues were
found to be different (84"„ identity). This discor-
dance might be attributable to species variability
and/or to different degrees of purity of the isoforms.

In conclusion, the presence of isoforms of Pari-
etaria allergens has been further documented and
some of them have been isolated; a deeper investi-
gation of their immunologic features could be useful
in the analysis of individual immune responses to
Parietaria pollen.
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