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Pollen extracts of the four taxonomically related weeds, Amaranthus
retroflexus (Ama r), Chenopodium album {Che a), Kochia scoparia {Koc s),
and Salsola pestifer {S. kali) {Sal p), were characterized by various methods
including crossed immunoelectrophoresis (CIE), crossed
radioimmunoelectrophoresis (CRIE), and SDS-PAGE immunoblotting.
The allergen profiles were determined by CRIE and SDS-PAGE IgE
immunoblotting. CRIE detected from one to four important allergens, while
SDS showed up to four bands that bound IgE from a number of patient
sera. CRIE and SDS-PAGE immunoblotting did not recognize the same
number of important allergens in the individual weeds, and the number of
allergens detected by the two methods differed considerably, suggesting that
IgE-binding epitopes may be denatured during SDS-PAGE. However, it
was possible to correlate the identity of some of the important allergens
detected by CRIE and SDS-PAGE immunoblotting in all four weeds.
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Pollens from various species of Chenopodiales are
an important cause of poliinosis in central and south-
ern Europe and the western USA (9, 15). Patients
allergic to pollen allergens from the taxonomically
related species Amaranthus retroflexus (Ama r) or re-
droot pigweed, Chenopodium album (Che a) or lamb's-
quarters, Kochia scoparia {Koc s) or burning bush,
and Salsola pestifer or 5'. kali {Salp) or Russian
thistle exhibit extensive cross-reactivity (9, 15). All
four weeds are of the order Chenopodiales, and
Che a, Koc s, and Salp are of the family Chenopo-
diaceae while Ama r is of the family Amaranthaceae.

The allergens of Salp, Che a, SindAma r have been
identified and characterized to some extent (9, 12,
15); Salp has been reported to contain three impor-
tant allergens, with molecular masses and pi of
39 kDa and 6.2, 42 kDa and 6.7 (12), and 14 kDa
(9), whereas allergens of 14 and 35 kDa (9) have
been identified for Che a and Ama r. Patient cross-
reactivity to pollens from botanically related species
is primarily due to the presence of homologous or
similar proteins from the various sources; e.g., groups
I and V allergens in grasses (1, 10), group I allergens

from tree pollens (5), groups I, II, and III allergens
from house dust-mite (8), and profilin, which seems
to be present in various unrelated species (14).

The aim of the present investigation was charac-
terization of the allergen profiles of Ama r, Che a,
Koc s, and Salp by crossed radioimmunoelectro-
phoresis (CRIE) and SDS-PAGE immunoblotting,
particularly with respect to the patients' IgE cross-
reactivity.

Material and methods
Pollen extracts

Pollens from redroot pigweed {Ama r), lamb's-
quarters {Che a), burning bush {Koc s), and Russian
thistle {Salp) were obtained from Greer Laborato-
ries (NC, USA) and extracted 1:10 (w/v) as de-
scribed previously (5). An amount of 0.6-2.0 g of
lyophilized material was obtained and stored at
- 20°C. Working solutions (10 mg lyophilized ma-
terial per ml of 0.030 M NH4HCO3, 0.086 M NaCl,
pH 8.3, 50% (v/v) glycerol) were stored at - 20°C
until used.
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Rabbit antibodies

Rabbit anti-Sal p and anti-Che a antibodies were
raised as described previously (2). The rabbits (three
animals per antigen source) were immunized bi-
weekly with 0.5 mg pollen extract in 100 |al Freund's
incomplete adjuvant. After 3 months of immuniza-
tion the rabbits were bled monthly and killed after
1 year of antibody production. Only rabbits that
produced high-quality antibodies were used.

Sera

Sera from 20 US donors were selected on the basis
of a positive clinical history and strong skin prick
test (SPT) reactivity to Salp pollen extract (Miles
Allergy Products, Spokane, WA, USA). Most of the
patients was also skin prick tested with pollen ex-
tracts of the other three weeds. None of the patients
had previously received specific immunotherapy.

A serum pool of 1000 Danish subjects was used
as a negative control serum, and a serum pool of
three (IgE-) multireactive patients was used as posi-
tive control serum in CRIE and SDS-PAGE im-
munoblotting experiments.

Crossed immunoelectrophoresis (CIE) and CRIE

CIE (4) and CRIE (11) were performed essentially
as described previously (5).

In the first dimension, 50 jig of the crude pollen
extract was subjected to electrophoresis for 30 min
at 10 V/cm and 12°C . The second-dimension elec-
trophoresis was performed with a mixture (1:2 v/v)
of anii-Che a and anii-Salp antibodies (17.1 \i\/cnr)
overnight at 2 V/cm and 12°C.

Cold-dried CIE plates were incubated with human
serum and '"'^I-labeled anti-IgE (Pharmacia, Swe-
den), and the plates were subjected to autoradio-
graphy at - 80°C for both 5 and 10 days to ensure
that no weakly radiostaining bands were missed in
the first development. After autoradiography, each
plate was stained with Coomassie brilliant blue (13)
for identification of the IgE-binding precipitates.

SDS-PAGE and electroblotting

SDS-PAGE and electroblotting were performed as
described (5, 7) with the minor modification that the
gels were cast with two small wells at each side of
one 10-cm-wide center well. The samples were ap-
plied in the following order: molecular weight stan-
dards, 75 |xg pollen extract, 1500 |̂ g pollen extract,
15 p.g pollen extract, and molecular weight stan-
dards, all dissolved in sample buffer containing DTT
(1,4 dimercapto-2,3-butandiol) and SDS.

The gels were electroblotted (7) and the nitrocel-

lulose (NC) sheets were cut into three sheets. Two
contained the flanking molecular weight standards,
the 75-^g pollen extract band patterns, and approxi-
mately 0.5 cm of the center well and one containing
the rest of the middle well. The flanking NC sheets
were stained with colloidal gold (11), while the cen-
ter sheet was cut into approximately 0.5-cm lanes,
and probed with human sera or rabbit antibodies
(mixture of anti-Che a and anti-Salp, diluted 1:1000)
(5). The lanes probed with human serum samples
were subjected to autoradiography at - 80°C for 5
and 7.5 days.

Chromatography

Size-exclusion chromatography (SEC) of 50 mg of
each pollen extract was performed on a S-75 Super-
dex column (Pharmacia, Sweden), equilibrated with
a 0.150 M NH4HCO3 bufl'er, pH 8.0, on an FPLC
system (Pharmacia, Sweden).

Fractions of 2.0 ml were collected and assayed by
fused rocket immunoelectrophoresis (FRIE) (2, 3)
and fused radio rocket immunoelectrophoresis
(FRRIE), as described (5)). FRRIE was performed
with an appropriate serum pool containing sera from
sensitive patients selected on the basis of the results
obtained in CRIE and SDS-PAGE/electroblotting.

After incubation with human serum and ^^^I-
labeled anti-IgE (Pharmacia, Sweden), the plates
were subjected to autoradiography at - 80°C for 10
and 15 days. Each plate was stained with Coomassie
brilliant blue (13).

Results

SPT performed with the four pollen extracts indi-
cated either consecutive sensitization or a high de-
gree of patient cross-reactivity to the taxonomically
related species. If we assume equal extract potency,
the patients showed greater sensitivity to Salp and
Koc s than to Ama r and Che a (data not shown).

The rabbit antibodies anti-Salp, anti-Che a, and
the 1:2 (v/v) mix in immunoblotting visualized a
number of bands in the four related weeds that was
comparable to the number of bands detected by col-
loidal gold (data not shown). Furthermore, the num-
ber of bands detected on SDS-PAGE corresponded
to the number of precipitates observed in CIE
(Figs. 1 and 3).

Coomassie brilliant blue-stained CIE of Ama r,
Che a, and Koc s all visualized approximately 20 pre-
cipitates, while approximately 40 distinct precipita-
tion arcs were identified in the Salp pollen extract
(Fig. 1).

Five (Ama r), nine (Che a), 10 {Koc s), and 12
{Salp) CIE precipitates were identified as allergens,
of which only a few (two, one, two and, two, respec-
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tively) can be classified as major allergens (precipi-
tates binding IgE from more than 50% of the sera
tested) (Figs. 1 and 2). Two additional precipitates
of Salp may be classified as intermediate allergens
(precipitates binding IgE from more than 25 % and
less than 50% of the patients' sera) (Fig. 1).

Each extract contained at least one first-dimension
cathodic migrating major allergen. In general, these
allergens showed both anodic and cathodic migra-
tion in the second dimension (Fig. 1).

SDS-PAGE of the different pollen extracts
stained with colloidal gold revealed bands in the
5-100-kDa range, and heavily stained bands at
about 40 and 70 kDa for all four extracts (Fig. 3).

IgE immunoblotting visualized 14 bands in
Ama r, six bands in Che a, 21 bands in Koc s, and
32 bands in Sal p (Figs. 3 and 4), of which only a few
may be regarded as major allergens or intermediate
allergens (Fig. 4). Ama r contained three intermedi-
ate allergens, Che a contained only minor allergens,
Koc s contained one major and four intermediate
allergens, and Salp contained three major and three
intermediate allergens (Fig. 4).

In general, the Coomassie brilliant blue-stained
FRIE plates of the four SEC-separated extracts vi-
sualized precipitates corresponding to molecular
masses in the 10-100-kDa range, with most of the
precipitates being in the 40-70-kDa range (Fig. 5).
The range 90-100 kDa seemed to contain a mixture
of various proteins (aggregates), while the rest of the
fractionation range showed good separation of the
proteins (Fig. 5).

Ama r SEC-FRIE and Che a SEC-FRIE exhib-
ited a high degree of similarity, as did the Koc s and
Salp SEC-FRIE. Each SEC-FRIE had precipi-
tates which showed both anodic and cathodic mi-
gration. In Ama r and Che a SEC-FRIE, this cor-
responded to an allergen with a molecular mass of

approximately 55 kDa. Koc s and Salp SEC-FRIE
both contained two such precipitates corresponding
to allergens with molecular masses of approximately
35 and 55 kDa. Both the Ama r and Che a SEC-
FRRIE revealed binding of IgE to the anodic-
cathodic migrating precipitate at 55 kDa. In addi-
tion, Ama r SEC-FRRIE^ exhibited binding of IgE
to a precipitate at 30 kDa, while Che a SEC-FRRIE
showed binding of IgE to one precipitate at approxi-
mately 25 kDa and one at approximately 15 kDa.
Koc s SEC-FRRIE showed only binding of IgE to
the anodic-cathodic precipitate at approximately
35 kDa. Salp SEC-FRRIE showed IgE-binding to
the corresponding anodic-cathodic precipitate at ap-
proximately 35-4^0 kDa and two other precipitates
at approximately 45 and 25 kDa (Fig. 5 and Table 1).

Discussion

The identification and characterization of allergens
from various sources (e.g., pollens and house-dust
mites) have customarily been done by CRIE or
SDS-PAGE IgE immunoblotting. Each method
possesses advantages and disadvantages (6, 8, 16),
and it is difficult to compare directly the allergen
profiles depicted by the two methods unless specific
reagents (monospecific or monoclonal antibodies or
purified allergens) are available.

Generally, immunoblotting identifies a larger num-
ber of IgE-binding components than does CRIE (6),
since SDS-PAGE may separate allergens into more
than one band (e.g., groups I and V allergens of grass
pollens and group I allergens from tree pollens (1, 5,
10)), whereas CRIE experiments often visualize
molecular variants as single entities (precipitates),
thereby obscuring possible heterogeneity.

The identification and classification of allergens
from pollens of four Chenopodiales species ^ . retro-

Table 1. Correlation of important allergens

Atnat

Che a

Kocs

Salp

CIE
precipitate no.

15
10
12

21

14
15

22/27
30 and 31

22/27
22/27

FRIE
• (kDa)

55

30

55

25

15

35

45

35-40

25

Migration in
CIE/FRIE

Anodic/cathodic
Anodic
Anodic

Anodic/cathodic
Anodic
Anodic

Anodic
Anodic/cathodic

Anodic
Anodic/cathodic

Anodic
Anodic

SDS-PAGE
(kDa)

49
17/11
17/11

-

50/14
38.5

36 and 40
20

14.5

References

35 kDa (7)
14 kDa (7)

35 kDa (7)

14 kDa (7)

_

39/42 kDa (7, 9)

14 kDa (7)

496



Characterization of Chenopodiales pollen allergens

flexus, C. album, K. scoparia, and S. pestifer were
done by CRIE and immunoblotting using sera from
20 Chenopodiales pollen-sensitive patients. The al-
lergen profiles determined for each of the four pol-
len extracts varied considerably depending on the
analytic method used (Table 1 and Figs. 2 and 4),
and it was possible to identify only a few of the al-
lergens by both methods in the four pollen extracts.

All four extracts seemed to contain at least one
major allergen, which in CIE/CRIE showed both
anodic and cathodic migration (pi probably close to
neutral or weakly alkaline pH). The molecular mass
of these major allergens, determined by SEC, cor-
responded reasonably well to the molecular mass of
important IgE-binding bands identified by immuno-
blotting (Table 1). However, most of the allergens
identified by either of the methods could not be cor-
related to one another.

The Ama r pollen extract seemed to contain two
major allergens, a profile which was confirmed by
both CRIE and immunoblotting. Che a seemed to
contain one major allergen (CRIE), but only very
weak radiostaining could be detected on the im-
munoblots. Koc s contained one (immunoblot) or
possibly two (CRIE) major allergens and four inter-
mediate allergens. Salp contained two (CRIE) or
possibly three (immunoblot) major allergens, two in-
termediate allergens, and a number of minor aller-
gens. The allergens detected in each system are cor-
related in Table 1 by comparing molecular mass
(immunoblotting/SEC), precipitate morphology
(SEC/CRIE), and number of patient sera reacting
(SDS/CRIE).

The antigens and allergens of the four Chenopo-
diales species investigated exhibited a high degree of
similarity since antibodies raised against either
Salp or Che a recognized most if not all the antigens
from the related species (CIE and immunoblots).

Furthermore, the patient sera utilized in the char-
acterization of the pollen extracts reacted with al-
lergens in all four species, and only a few of the
patients tested by SPT reacted to fewer than all four
Chenopodiales extracts. One (two in Salp) allergen
in all of the extracts (the anodic/cathodic migrating
one) seemed to exhibit characteristics of a common
Chenopodiales component, and this particular aller-
gen probably corresponds to the ones described by
Shafiee et al. for Salp (two allergens with alkaline/
neutral pi and molecular masses of 42 and 39 kDa)
(12) and by Lombardero et al. for Ama r, Che a, and
Sal p (showing that these three pollens contain sig-
nificant allergens with molecular masses of 35 and
14 kDa and that all of these pollens contain cathodic
migrating allergens) (9). Both these studies were car-

ried out with pools of patient sera. The allergens
described here seem to be suitable candidates for
further characterization and purification.
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