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Abstract. Inhaled allergens from house dust, mites or animal danders activate human complement in vitro by
engaging the C1-component through a non-antibody-dependent mechanism. These earlier findings are extended by
showing that the allergenic components in extracts of Parietaria pollen are almost equally potent complement
activators as those from house dust or mites. Spectroscopic evidence indicates that haemolytic complement
consumption by the Parietaria allergens and their enzymic fragments is most likely related to post-translational
side-chains comprising flavonoid derivatives. These adsorbed and/or peptide-bound tannin-like structures may also
explain the exceptional stability of the high- and low-molecular mass allergenic components in Parietaria pollen
extracts.
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Attention has been drawn in the past to the in vitro
consumption of haemolytic complement in human
serum (huC) by Type I inhaled allergens from house
dust, human and animal epithelia, dust mites, moulds,
etc. [1]. Complement inactivation at high serum dilution
occurs mainly by engagement of the component C1 of
the classical pathway [1], although in undiluted serum
involvement of the alternative pathway through the C3-
amplification loop has been observed as well [2]. The
effect of allergens on C1 is known not to be mediated
by antibodies, but the participation of unidentified
serum proteins has been postulated [3, 4]. The fact that
the complement consuming potencies in series of differ-
ent allergens arrange themselves in a fairly constant
manner independent of the serum source [5] has
strengthened the opinion that allergen-complement in-
teraction represents an immunologically nonspecific
phenomenon. However, complement in individual hu-
man sera may differ in susceptibility to allergen-induced
inactivation, the most sensitive sera in a statistical sense
being those from so-called ‘atopic’ donors [2, 4].
The allergens extractable from house dust are by far the
most potent complement activators, while those from
animal danders, mites and moulds exhibit progressively
less activity [3, 6]. At the lower end of the scale, the
grass pollen allergens invariably failed to consume com-
plement in a physiologically significant dose range [1, 5].
Recent studies have nevertheless confirmed some earlier
observations on the activation of complement by ex-
tracts of ragweed pollen [2]. Since traditionally pro-
duced ragweed pollen allergens, like those from other
weeds, differ from the grass pollen allergens in having a

high proportion of protein-associated chromophores
[7–10], we decided to probe the possible complement
consuming properties of pollen extracts of the Mediter-
ranean weed Parietaria judaica.

Materials and methods

Dried and defatted pollen grains of Parietaria judaica
(Biopol, Spokane, USA, lot c51414, collected in Eu-
rope in 1994, purity as stated less than 0.1% foreign
pollen and about 6% plant parts) were extracted twice
with distilled water for 2 h at room temperature. The
combined and centrifuged extracts were dialysed in the
cold from Visking tubing (nominal cut-off 10 kDa).
Both the non-dialysable \10 kDa components (HMW-
N) and theB10 kDa dialysate (LMW-N) were dried by
lyophilization. Chromophoric substances physically ad-
sorbed to HMW-N were then eliminated by repeated
dialysis of solutions of HMW-N in 0.01 N HCl, fol-
lowed by neutralization and freezedrying to give the
‘depigmented’ proteins HMW-D. The B10 kDa com-
ponents thus removed at pH 2, representing 46% by
weight of HMW-N, were also recovered by lyophiliza-
tion after neutralization.
The allergenic activity of the preparations HMW-N and
HMW-D was established by skin prick tests in Pari-
etaria-allergic pollinosis patients. All preparations were
also assayed for specific IgE-binding by inhibition assays
in vitro, using the sera of Parietaria-allergic patients.
For enzymic fragmentation, a sample of HMW-D was
dissolved in a suspension of pepsin immobilized on 4%
cross-linked agarose (Sigma, USA) at a proportion of
2:1 w/w, and the mixture in HCl at pH 2 was stirred for
6 h at 37 °C. The reaction was stopped by neutralization* Corresponding author.
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with NaOH and the enzyme particles were removed by
filtration (0.2 mm). For eliminating salts and B1 kDa
fragments, the digest was passed through a Minitan®

tangential flow system equipped with a 1 kDa filter. The
\1 kDa retentate was finally dialysed again by Minitan
passage through a 10 kDa filter, thus separating the
\10 kDa endo-fragments A and the\1 kDa/B10 kDa
fragments B. Fragments A and B were dried by
lyophilization, with a recovery from HMW-D of 57%
and 26%, respectively.
Lyophilized preparations were reconstituted in 0.01 M
phosphate-saline buffer, pH 7.4, and the electronic
absorption spectra were recorded in a Philips UV-
VIS spectrophotometer in the range of 200–600 nm.
Flavonoid reference compounds were purchased from
Carl Roth AG (Karlsruhe, Germany).
Blood serum samples containing allergen-specific IgE-
antibodies from patients clinically allergic to Parietaria
pollen or to Dermatophagoides pteronyssinus were ob-
tained from various hospitals in Spain. Individual sam-
ples were stored in small aliquots at −20 °C for no
longer than 4 weeks before use.
Complement was measured in a CH50 haemolytic assay
in microtiter modification of the method previously
described [1, 4, 6]. Sheep red blood cells E and rabbit
amboceptor A were obtained from BioMérieux. The
working dilution for amboceptor A was 1:800, sensi-
tized cells EA were used at 7.4×108 cells/ml. Dose-
response curves were obtained by preincubating serial
dilutions of reconstituted proteins and derivatives with
patient serum diluted 1:30 to 1:50 in Ca++/Mg++-con-
taining veronal-saline buffer (VSB++) for 30 min at
37 °C. Residual haemolytic complement was evaluated
in a second incubation step, using the EA detection
system described above and the appropriate controls.
Results from dose-response curves were expressed as
percentage consumption of available haemolytic com-
plement [1, 4, 6].

Results

Using the serum of normal persons and of mite- or
Parietaria-allergic patients we were able to confirm that
purified house dust allergens are potent complement
activators [1, 3, 4–6], whereas on a weight basis the
grass pollen allergens (represented by Lolium perenne in
fig. 1), as well as the natural B10 kDa Parietaria
components, were the least active. Surprisingly, how-
ever, the \10 kDa allergens from Parietaria pollen
extracts, either unheated or heated at 100 °C, were about
as active on huC as the allergens of D. pteronyssinus, i.e.
only 5–10 times less potent than a standard house dust
preparation (HMW-N in fig. 1). Furthermore, the huC-
consuming potential of the ‘depigmented’ Parietaria
protein allergens HMW-D remained undiminished rela-
tive to HMW-N despite the removal of a large propor-

Figure 1. Dose-response curves for haemolytic C consumption by
various Parietaria pollen preparations, detected after the pre-incu-
bation step for 30 min at 37 °C, by microplate assay using
7.4×108 sensitized sheep red blood cells EA/ml for detection. The
1:50 diluted serum of a patient sensitive to D. pteronyssinus was
used in the above example, but normal human serum and serum
of Parietaria-allergic patients provided the same potency ratios.

tion of strongly adhering pigmented material. More
important, prolonged digestion with pepsin, though
causing appreciable hydrolysis of the allergenic proteins,
left a pepsin-resistant core of \10 kDa components
with undiminished huC-consuming power (fig. 1).
In trying to understand these findings, we first focused
on a conspicuous common factor among the huC-
consuming Parietaria protein preparations, i.e. the
abundance of chromophores resisting elimination by
physical or enzymic means (fig. 2). Comparison of the
UV-absorption spectra with published data [7, 9, 10]
and with those of pure flavonoids [11] suggested that
the prominent 350 nm peak (at pH 2 or 7, shifting
towards 395 nm at pH 10), is due to flavonol derivatives
of the quercetin type (fig. 2). In agreement with this, the
reaction of the Parietaria preparations with FeCl3 for
o-biphenols was positive, producing a deep-green
colour. Flavonoids and other polyphenols from plant
tissues are indeed known anticomplementary agents [12,
13]. However, the water-soluble natural LMW-N
flavonol-glycosides were virtually inactive on huC (fig.
1), while the activity of the desorbed pigmented compo-
nents similarly was low (not shown). It is likely, there-
fore, that the flavonols active on huC are in the form of
their aglycones chemically bound to side-chains of
proteins or peptides.
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Figure 2. UV-absorption spectra of various preparations from
Parietaria judaica pollen (see Materials and methods).

polyphenolic structures are found in a wide and diffuse
range of high- and low-molecular mass components. It
may therefore be presumed that it is the density of the
conjugated flavonoids on the (poly)peptide carrier
molecules which determines the complement-consuming
power of any isolated fraction. Such a distribution
pattern has in like manner been commented on in
relation to IgE-binding and skin-reactivity [9, 15, 16],
and was fully confirmed with respect to specific IgE-
binding by our Parietaria pollen preparations during
concurrent studies reported elsewhere [18].
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2 Hidvégi T., Schmidt B., Varga L., Dervaderics M., Lantos A.,
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Discussion

A practical issue not encountered with other allergenic
pollens is that, owing to morphological characteristics,
the pollen of the Parietaria spp. cannot be collected free
of green plant parts, i.e. from the anther. All published
reports on Parietaria allergens mention a proportion as
high as 25% of non-pollen contamination of the gran-
ules used for allergenic extract preparation. Pure pollen
do not contain the enzyme polyphenoloxidase, whereas
other plant parts do [14]. Together with the high con-
tent of flavonoid pigments in Parietaria pollen [8–10],
the conditions during aqueous extraction therefore fa-
vour the oxidative generation of polycondensates of
amino acids, peptides or proteins with chemically conju-
gated flavonoids, resulting in tannin-like derivatives
with low to high molecular mass [15, 16]. Indeed, the
reported tan colour, fluorescence and oxygen-scaveng-
ing properties of the Parietaria allergens persist even to
the point of the firmly conjugated chromophores de-
tected in the isolated ‘major’ allergen Par j1 [10]. Our
results suggest that the property of huC-inactivation
may be related to these flavonoid-peptide derivatives,
but not to the free flavonoids or flavonoid-glycosides
(LMW-N). In this respect, the situation is reminiscent
of the skin-active protein-chlorogenic acid adducts from
tobacco leaf and of the polyphenolic low-molecular
allergen plicatic acid, both of which likewise engage
complement through the C1 component [12, 17].
The observation that the activities of HMW-N, HMW-
D and pepsin fraction A remained virtually unchanged
despite the removal of a considerable proportion of
pigments during their preparation, indicates that the
desorbed or hydrolysable B10 kDa fragments, though
less active on a weight basis, also contribute to the
huC-consuming power of Parietaria pollen total ex-
tracts. The spectroscopic evidence indeed indicates that
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