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Abstract
Due to the observed increase of consumption of lupine-fortified food products and the high homology of lupine protein to 
other legumes, occurrence of new lupine allergy cases can increase significantly. Therefore, the aim of this study was to com-
pare the seeds of 18 new Polish lupine breeding lines for immunoreactivity in relation to the sera of the patients sensitized to 
cross-reacting allergens, i.e. to soybeans and peanuts, using the western blot method. Antibodies present in the sera obtained 
from two adult outpatients cross-reacted with the studied extracts and made it possible to indicate six lines with decreased 
expression of Lup an 1 (high molecular weight subunit of β-conglutin): Mandelup, Mirela, Puławski Różowy Wczesny, Ignis, 
25-65-M-4-1 and Stadoliszczenskij L-610 lines. Two more lines (Schmalblaettrige Schwerzplatzen and Rammiespielyj) are 
probably also less immunoreactive, due to the decreased content of alkaline subunit of α-conglutin—Lup an 2. The highest 
variability in immunoreactivity of proteins in question was noted for peptides with molecular weights ~ 20, 23, 28, 33, 38, 39, 
43, 49, 50 and 63 kDa. Unfortunately, different patterns of immunoreactivity of the seeds obtained from various cultivation 
sites was noted for some lines. The correlation between the total protein content and reduced immunoreactivity of the tested 
lines was not confirmed. Thus, the lines with decreased immunoreactivity could be considered material for future crossing 
the narrow-leafed lupine lines to obtain varieties intended for food production.
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Introduction

Three Lupinus species have been used in food technology, 
mainly because of their excellent functional properties 
and high nutritional value [28]. Lupine’s little cultivation 
requirements mean that it can grow in any climate, which 
means that its cultivation is an attractive option [24]. Cur-
rently, the amount of food produced in Europe with the 
addition of sweet lupines is consistently increasing [7]. Due 
to their valuable amino acid composition, lupine seeds are 
used to produce nutrients for athletes, food for people suf-
fering from celiac disease, and is a potential substitute for 
soy protein [20, 27, 31, 35]. Lupine flour is found in various 
slimming products, as it is rich in fiber and low in fat, and 
has the lowest glycemic index among legumes [10]. Lupine 
seed components have a clinically proven therapeutic effect, 
demonstrating an anti-diabetic and anti-metabolic syndrome 
effect [1, 35]. It has been indicated that replacing animal 
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proteins by lupine ones prevents the development of cardio-
vascular disease.

However, as lupine consumption increased, immunore-
activity of its protein was noted [10]. Therefore, the Euro-
pean Commission has introduced lupine on the list of food 
allergens [28]. Furthermore, not only the food or inhala-
tion allergies have been noted, but also the cross-reactivity 
effects of peanut, soy and lupine proteins [22]. Lupine pro-
teins are closely related to soybean and peanut ones, so it 
is not surprising that humans may suffer from an allergy 
to Lupinus species, while soybean and peanut have been 
well-known allergens for a long time. Peanut and soy aller-
gens are well recognized, because they have been consid-
ered the two most dangerous ones, which may even lead 
to anaphylactic shock and, as a consequence, to death [7]. 
The strongly allergenic fractions of peanut (Ara ha 1) and 
soy (Gly m 5) show 47% and 54% homology to the lupine 
protein fraction—β-conglutin (from the vicilin family), the 
only one lupine allergen included on the allergen list [10, 
12–14]. Literature data show that 44–50% of people allergic 
to peanuts are also allergic to narrow-leafed lupine [23, 24].

Thus, the aim of this study was to analyze immunoreac-
tivity of the new lupine lines, on the basis of cross-reactivity 
between the proteins isolated from narrow-leafed lupine and 
antibodies secreted in the sera collected from the people 
sensitized to peanut and soy proteins.

Materials and methods

Materials

Blue lupine (Lupinus angustifolius) seeds of 18 sweet 
breeding lines (Table 1) were obtained from two places of 
cultivation (Przebędowo and Wiatrowo), from the year of 
harvesting 2015. Cultivation conditions were the same in 
both places of breeding; however, weather conditions were 
different, because of the cultivation locations [data presented 
by Tomczak et al. [30]. The soybean seeds (Augusta variety) 
were purchased from the Department of Genetics and Plant 
Breeding (Poznan University of Life Sciences), while the 
peanuts were obtained from commercial points. The seeds 
have been ground and not degreased.

Patients

Two adult outpatients with detailed history of oral allergy of 
the SNOZ Alergologia Plus Center for Diagnosis and Treat-
ment of Allergy Therapy in Poznań (Poland) were donors 
of the sera used in the investigations. These patients showed 
strong allergic symptoms to peanut; both were allergic to 
soybean, but the patient who was a donor of serum No 1 was 

less allergic than the other one. The method used to deter-
mine the antibody class was the ELISA test. The obtained 
serum characteristic is presented in Table 2. Bioethical 
Commission at the Poznan University of Medical Sciences 
(Poland) accepted the application for permission to carry out 
these tests (No 671/17, 2017). 

Methods

Protein content determination

Kjeldahl method

Total protein content was determined in the ground, not 
degreased seeds, by means of the Kjeldahl method [FAO 
2003]. Nitrogen content was recalculated into protein con-
tent with the conversion factors 6.25.

Table 1   Blue lupine lines selected for the studies and the total protein 
content in the seed

*Values denoted by different letters differ statistically significantly at 
the significance level α = 0.05

Lines of blue lupine Protein content (% of dry 
matter)

No. Name of the line Przebędowo Wiatrowo

1 Mandelup 34.81 ± 0.3r* 32.03 ± 0.1h,i
2 Vitabor 33.22 ± 0.2l,m 33.43 ± 0.1m,n
3 No-730 32.82 ± 0.2k 30.75 ± 0.0l
4 New from Spain 31.67 ± 0.2g,h 38.24 ± 0.0w
5 Mirela 34.59 ± 0.1p,r 32.51 ± 0.1j
6 Puławski Różowy Wczesny 36.74 ± 0.1t 32.98 ± 0.1k,l
7 Ignis 36.94 ± 0.1t 37.38 ± 0.2u
8 25-65-M-4-I 35.89 ± 0.2s 34.00 ± 0.0o
9 Stadoliszczienskij L-610 31.84 ± 0.0g,h 31.47 ± 0.1f
10 Silena 27.87 ± 0.3a 34.37 ± 0.2p
11 Haagena 35.72 ± 0.0s 31.18 ± 0.1e
12 Sur 32.18 ± 0.2i 32.99 ± 0.1k,l
13 Bordako 32.55 ± 0.2j 29.64 ± 0.0b
14 Borlu 31.23 ± 0.3e 32.07 ± 0.0h,i
15 Schmalblaettrige Schwer-

zplatzen
32.91 ± 0.0k 33.56 ± 0.0n

16 Population-1 30.52 ± 0.1c 31.15 ± 0.1e
17 WTD-1406 34.58 ± 0.0p,r 35.68 ± 0.1s
18 Ranniespielyj 33.95 ± 0.1o 29.54 ± 0.1b
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Bradford method

The concentration of protein in the extracts obtained 
from the seeds was determined according to the Bradford 
method (1976). The analyses were carried out at wavelength 
λ = 595 nm using UV–Vis spectrophotometer SP 8001, 
Metertech Inc. Taipei, Taiwan.

Protein extraction

Proteins from the ground seeds were extracted with a PBS 
(ratio 1:10 w/v). The samples were mixed in 4 °C for 17 h, 
then centrifuged (15,000×g, 30 min) and frozen in − 20 °C.

SDS‑PAGE

The abundance of different proteins in the obtained extracts 
was examined using 14% polyacrylamide gel electrophore-
sis under denaturing conditions [16], in samples containing 
7 µg of protein and molecular marker among 20–120 kDa 
(Thermo Scientific, 26612). The gels were stained with 
Coomassie Brilliant Blue and documented using CLIQS 
(TotalLab Quant, Great Britain).

IgE immunobloting

Proteins separated with SDS-PAGE electrophoresis were 
transferred to polyvinylidene difluoride membrane (Immo-
bilon-P 0.45 µm, Merck Millipore Ltd.). Next, the mem-
branes were blocked with 0.01 mol/L TBS, pH 7.4, con-
taining 1% BSA (Sigma A7906, USA) for 1 h. The sera 
diluted in 1% solution of BSA in TBS-Tween (1:20 vol/vol) 
were applied for overnight incubation in 4 °C. After fivefold 
washing, membranes were incubated for 1.5 h with mono-
clonal anti-human IgE antibody marked with phosphatase 
alkaline (SIGMA A3076, USA), diluted 1:1000 with block-
ing buffer containing additionally 0.05% Tween 20 (SIGMA 
P9416, USA). Membranes were washed five times and then 
the substrate was applied for 20 min. As a substrate, BCIP/
NBT (5-bromo-4-chloro-3′-indolyphosphate and nitro-blue 
tetrazolium) was used (Calbiochem, USA). The reaction 
was stopped with water and the membranes were dried and 

analyzed with the CLIQSprogram (TotalLab Quant, Great 
Britain).

Results and discussion

Protein concentration

Lupinus angustifolius contains 42% of protein [34], mainly 
globulins and albumins. The average protein content deter-
mined by the Kjeldahl method in the studied seeds from 
the Przebędowo cultivation place was 33.3% ± 2.3, while in 
Wiatrowo it was 32.9% ± 2.4 (Table 1). Thus, the noted dif-
ferences were not statistically significant when the average 
protein content from various cultivation places were com-
pared. However, the differences among the lines were vis-
ible: Silena from Przebędowo contained only 27.87 ± 0.3% 
of protein in dry matter, while Ignis from the same culti-
vation place contained 36.94 ± 0.3%. The lowest content 
of protein in the seeds from Wiatrowo was determined for 
Ranniespielyj [29.54 ± 0.1% dry matter (d.m.)], while the 
highest for New from Spain (38.24 ± 0.0% d.m.). Such huge 
differences are not uncommon and are usually a consequence 
of precipitation in the maturation time [25, 29, 33].

Globulins are important proteins of lupine seeds and they 
include mainly β-conglutin (43.4%, from vicilin like-protein 
family), α-conglutin (family of legumin like-proteins, 33%) 
δ-conglutin (12.5%) and γ-conglutin (6%) [8, 10, 23]. They 
are usually indicated as the most immunoreactive proteins 
for patients with food allergy to lupine proteins. To extract 
them from the studied material, the buffer recommended by 
Howard [11] and Peeters [23] was used. This buffer allowed 
to separate globulins which include main lupine, soybean 
and peanut allergens. The average determined concentra-
tion of protein in the obtained extract was 5.8 mg/ml (from 
Przebędowo seeds) and 6.2 mg/ml (from Wiatrowo seeds). 
It means that the applied buffer allowed for the extraction 
of 19.2 ± 0.4% of total proteins from Przebędowo seeds and 
20.5 ± 0.4% from Wiatrowo ones.

SDS‑PAGE electrophoresis

Abundance and diversity of proteins extracted from the 
analysed seeds were studied by SDS-PAGE electrophore-
sis, and are presented in Fig. 1. According to Parisot [21], 
the most important immunoreactive fractions of narrow-
leaved lupines are peptides with the molecular weight in 
range 17–79 kDa. There were 14–15 peptide fractions 
separated by SDS-PAGE electrophoresis in the interest-
ing molecular mass range, i.e.18–88 kDa, in the studied 
extracts from lupine seeds. The significant differences of 
the peptide profile in the range typical for HMW (high 
molecular weight), subunit of β-conglutin, were not noted. 

Table 2   Used sera characteristics

Allergy to

Soy bean Peanut

Serum Class IgE concentra-
tion (kU/L)

Class IgE con-
centration 
(kU/L)

I 4 ~ 50 4.5 50–100
II 2 0.7–3.5 6 > 100
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Because it is the only allergenic lupine fraction approved 
by WHO/IUIS (World Health Organisation & International 
Union of Immunological Societes) (2017), the differences 
in the expression of those peptides should strongly influ-
ence the immunoreactivity of the extracts. However, as 
the densytometric analysis indicate, significantly lowered 
than average content of the peptide with MW ~ 43 kDa was 
found in the extract obtained from the line 3 (No 730) cul-
tivated in Przebędowo. Compared to the lines 5–8 (Mirela, 
Puławski Różowy Wczesny, Ignis and 25-65-M-4-I), the 

intensity of the band from line 3 was almost three times 
decreased. While the extracts from Wiatrowo lines 7 
(Ignis) and 8 (25-65-M-4-I) and 17 (WTD-1406) were 
richer in that fraction, the lines16 (Population-1) and 18 
(Rammiespielyj) were poorer in it (Fig. 1). According to 
Guillamón et al. [10], the fraction ~ 43 kDa can be acidic 
subunits of α-conglutin or β-conglutin subunits with an 
Intermediate Molecular Weight (IMW), known as immu-
noreactive fractions of lupine proteins [23]. Some dif-
ferences in the peptides composition were also noted for 
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Fig. 1   SDS-PAGE separations profiles with Coomassie blue staining: 
a breeding lines of blue lupine from Przebędowo; b breeding lines of 
blue lupine from Wiatrowo; c positive controls: soybean (Angus) and 

peanut. MW molecular weight marker. The arrowhead (asterisk) indi-
cate less, while asterisk (filled pointed arrow) more expressed frac-
tions
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another peptide from the range typical for IMW subunit 
of β-conglutin—peptide with MW ~ 31 kDa. The higher 
intensity of this band was observed for the lines 10–11 
(Silena and Haagena) and 15–17 (Schmalblaettrige Schw-
erzplatzen, Population-1, WTD-1406) from Przebędowo 
and 14, 15 and 17 from Wiatrowo; while the lowest one 
was observed for the lines 1 and 18 (Mendelup, Ram-
miespielyj) from Przebędowo.

Since the differences in the profiles of the extracted pep-
tides were not confirmed for the same lines cultivated in both 
the places, it can be suggested that, unfortunately, this is not 
a consequence of the genetic variability of the studied lines, 
but only of the response to variable weather conditions and 
seeds maturity.

SDS-PAGE analysis of soy extract, prepared in the 
applied conditions, allowed for the detection of 20 peptides 
with MW in the range 21–84 kDa (Fig. 1a, b), while in the 
extract obtained from peanut, only of 9 peptides with MW 
among 19–60 kDa (Fig. 1 c) were visualized. Peanut extract 
that is poor in protein fractions should not come as a sur-
prise. The peanut that is rich in protein (~ 26%) contains 87% 
of globulins, most of them being only two proteins: arachin 
(MW ~ 21 kDa) and conarachin (MW ~ 65 kDa) [2]. These 
extracts from soybean and peanut were applied in the further 
analysis as a positive control to analyze the peptides immu-
noreactivity with the antibodies present in the used sera.

IgE immunoblotting

Immunoblots were performed on lupine (18 breeding lines), 
soybean and peanut extracts. All studied samples were tested 
using two sera (I, II), and obtained immunoblotting images 
were analyzed. Figure 2 shows the results obtained for soy-
bean and peanut extract, which constitute the positive con-
trols in the presented studies.

Using serum I, obtained from the patient with strong 
allergenicity to peanut and moderate one to soy pro-
teins, reactivity of the antibodies to five soybean peptides 
(with MW20 kDa–48  kDa) and only one peptide with 
MW ~ 57 kDa from the peanut extract was confirmed. Cur-
rently, IUIS have accepted six proteins as soybean allergens 
(Gly m 3–Gly m 8) [12–14].

Gly m 6 is a hexameric protein assembled by five differ-
ent subunits, G1 (53.6 kDa), G2 (52.4 kDa), G3 (52.2 kDa), 
G4 (61.2 kDa) and G5 (55.4 kDa) [32]. These individual 
subunits are found both as heterodimeric peptide linked 
by a disulfide bridge composed of chains 20–40 kDa plus 
10–25 kDa, and simultaneously as intact precursor proteins 
(50–60 kDa) [32]. The strongest reactivity against the soy 
extract protein with the serum I was noted to the fraction 
with MW ~ 49 kDa (50% total intensity in the line deter-
mined in densytometric analysis), which suggests that it can 
be that intact precursor. Moreover, the reactivity to peptides 
with the MW in the range 22–30 kDa was observed. This 
indicated that this patient probably showed a strong immu-
noreactivity to Gly m 6 (Fig. 2a).

Three peanut proteins from among the 17 included on the 
WHO/IUIS list are recognized as a strong allergen: Ara h 1 
(65 kDa), Ara h 2 (~ 18 and 20 kDa) and Ara h 3 (60 kDa) 
[5, 7]. The presented immunoblotting result indicated that 
the patient I was allergic to Ara h 3 (fraction 60 kDa on 
Fig. 2a). This heterodimeric protein consists of a series of 
polypeptides with MW ~ 20 to ~ 45 kDa, which can be clas-
sified as acidic and basic subunits, resulting from the modi-
fication by post-translational cleavage [3, 15]. The results are 
consistent with the literature data which suggest immuno-
globulins cross-reactivity Ara h 3 and Gly m 6 [4, 5]; thus, 
the antibodies secreted with the serum I reacted with these 
two allergens: Gly m 6 and Ara h 3.

The images of membranes presenting the reactivity of 
serum II against the extracts from the positive control sam-
ples and the molecular weights of the individual protein frac-
tions are shown in Fig. 2b. Antibodies present in serum II 
reacted with 11 soy protein fractions with MW among 21 
and 78 kDa. The 22 kDa fraction had a 37% share in inten-
sity of bands in the line, and four others fractions (~ 27, ~ 28, 
~ 30, ~ 49 kDa) from the range typical for an allergenic soy-
bean fraction Gly m 6, reacted with this serum [19]. What 
was also proved was the immunoreactivity of the patient II 
antibodies with the protein in the range typical for the patient 
allergic to soy conglicynin (band with MW ~ 67 kDa). Gly m 
5 is an alpha subunit of beta-conglycinin of soy, which is a 
trimer protein, composed of subunits α (67 kDa), α′ (71 kDa) 
and β (50 kDa) [18].

Three fractions with molecular weights from 20 to 
23 kDa were detected in the peanut extract. The fractions 
closest to the 20 kDa could be the fractions of Ara h 2, which 
together account for the majority of the effector the activity 
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of protein extracted from positive controls (soy and peanut) with a 
serum I; b serum II. MW molecular weight marker



438	 European Food Research and Technology (2019) 245:433–441

1 3

of the whole peanut extract [26]. There are few literature 
data about cross-reactivity of Ara h 2 and other allergens 
[5]. However, monosensitization to Ara h 2 is rare, usually 
polysensitization with Ara h 1 and/or Ara h 3 is observed 
[5]. On the presented membranes, the subunits of Ara h 3 
could also be detected—peptides with a molecular weight in 
the range 14–45 kDa, i.e. ~ 22 and ~ 23 kDa [3, 15].

Summing up, the reactivity of the used sera differed sig-
nificantly, which is very valuable for the study of variability 
in immunoreactivity of the lupine breeding lines tested.

Only one lupine protein is registered as a lupine food 
allergen in the Allergen Nomenclature (International Union 
of Immunological Societes and WHO): β-conglutin (as 
Lup an 1; fractions with the molecular weight 55–61 kDa). 
However, the immunoreactivity of many fractions of lupine 
proteins has been confirmed; there is β-, α-, and γ-conglutin 
among them [9]. Unfortunately, these proteins are storage 
globulins, therefore, usually at the time of crossing lines, 
the aim is to increase their content in seeds. Moreover, they 
are polymeric proteins, with a different pattern of hydrolysis 
during maturation [9]. On the basis of the confirmed cross-
reactivity between Ara h 3, Gly m 6 and α-conglutin, as well 
Ara h 1, Gly m 5 and β-conglutin [4–6], these two immuno-
reactive fractions of lupine seeds were detected, excluding 

γ-conglutin, becauseγ-conglutin is usually considered a less 
immunoreactive fraction, and accounts for only ~ 4–5% of 
total proteins.

While the extracts from the lines cultivated in 
Przebędowo were studied, the antibodies present in serum 
I reacted with the peptides with molecular range typical 
for α-conglutin subunits (Fig. 3a). In the range typical for 
α-conglutin acidic subunit (42–52 kDa), each studied extract 
contained a peptide with MW ~ 49 kDa. However, significant 
differences were noted, especially for the peptide ~ 43 kDa, 
whose highest content was present in the lines 1, 4, 6–8 and 
not observed in the lines 3 and 10–18. Significant differences 
are noted also for the other – basic α-conglutin subunit. One 
peptide from that range was immunoreactive in the lines 
1, 4, 5, 7, 8, 10–14 and 16–18, while the other extract did 
not contain this peptide. Summarizing, the lines which were 
significantly less immunoractive to the antibodies present in 
the serum I, were the lines 3 and 15 (No-730 and Schmalbla-
ettrige Schwerzplatzen). The immunoreactivity was consist-
ent with the literature suggestions. Based on the reactions 
observed with positive controls, it was found that the serum 
contained the antibodies directed against Gly m 6 and Ara 
h 3, while the cross-reactivity of these proteins and lupine 
α-conglutin was confirmed [17].
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Different immunoreactivity was noted when the serum 
II was applied (Fig. 3b). The serum contained antibodies 
anti-Gly m 6 and anti-Gly m 5, as well as anti-Ara h 2 and 
anti-Ara h 3. These antibodies cross-react not only with α-, 
but also with β-conglutin. In the range typical for HMW of 
β-conglutin (53–64 kDa), the reactivity of peptide ~ 62 kDa 
was noted for the lines 2–4 and 14–16. It should be empha-
sized again, that HMW of β-conglutin is the only one aller-
gen included on the WHO/IUIS list as Lup an 1. However, 
the immunoreavtivity of β-conglutin IMW subunit was also 
observed: for peptide ~ 39 kDa (lines 6–8), ~ 38 kDa (lines 
2–4),  ~ 33 kDa (lines 1–4) and ~ 28 kDa (lines 10–18). 
These observations confirmed the previously noted cross-
reactivity between Gly m 5, Ara h 1 and β-conglutin [6], 
which points to possible allergenicity of the studied seeds 
in the case of the people allergic to soybean and peanut. The 
differences were also significant when anti-Gly m 6 anti-
bodies from that serum reacted with α-conglutin subunits. 
Immunoreative peptide or two peptides with MW ~ 50 kDa 
were detected in extract from 1 to 4 and 10–15, indicat-
ing the presence of α-conglutin acidic subunit. Moreover, 
the only line where the presence of α-conglutin basic sub-
unit was not confirmed was the line 15 (Schmalblaettrige 
Schwerzplatzen), for which the reactivity of peptides with 
MW ~ 23 kDa was not observed (Fig. 3b).

Because of the declared and confirmed allergenicity of 
Lup an 1 (i.e. HMW subunit of β-conglutin), the particu-
larly interesting lines seemed to be the lines 1, and 5–9, 
cultivated in Przebędowo, which did not contain the peptide 
from that range (Mandelup, Mirela, Puławski Różowy Wcz-
esny, Ignis, 25-65-M-4-I, Stadoliszczienskij L-610). Also the 
line15 (Schmalblaettrige Schwerzplatzen) seemed to be less 
immunoreactive and interesting from the point of view of 
nutrition. The line could be poorer in the basic subunit of 
α-conglutin.

Next, the extract obtained from the same lines cultivated 
in the second place—Wiatrowo—were studied. The immu-
noreactivity of these extracts differed significantly from 
those obtained before, even if the general trends are con-
stant. Thus, the serum I (Fig. 4a) not recognized fraction 
of Lup an 1 (HMW fraction of β-conglutin) in the studied 
lines, because its antibodies were directed anti-Gly m 6 and 
Ara h 3. Surprisingly, they recognized some (1–3) fractions 
of IMW β-conglutin in the lines 1–5, 7, 9, 11–16, with MW 
31–33 kDa, but the clinical effects of this reactivity could be 
not observed. What could be clinically significant, due to the 
confirmed cross-reactivity and the class of the used serum, 
was the interaction with the varied α-conglutin fractions. 
The peptide with the MW ~ 51 kDa was detected in each 
studied extract, and in extracts from the lines 10–18, also the 
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Fig. 4   Membranes after immunoblotting breeding lines of blue lupine 
from Wiatrowo: a serum I; b serum II. MW molecular weight marker. 
α1: α-conglutin basic subunit (20–22  kDa), α2: α-conglutin acidic 
subunit (42–52 kDa), β1: β-conglutin IMW subunit (25–46 kDa), β2: 

β-conglutin HMW subunit (53–64  kDa).The arrowhead (asterisk) 
indicate less, while asterisk (filled pointed arrow) more expressed 
fractions, white asterisk (open pointed arrow) fractions identificed in 
each line in the blot
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peptide ~ 49 kDa was observed. This confirms the reactivity 
of the serum with the α-conglutin acidic subunit. However, 
the most important reactivity with the basic subunit was also 
noted: in the lines 3, 5, 7, 9, 10–14 and 17, the peptides (1 or 
2) in the range 22–23 kDa, which is typical for α-conglutin 
basic subunit (Lup an 2 allergen).

Densytometric analysis of the membranes after incuba-
tion with the second serum (Fig. 4b) through cross-reactivity 
antibodies against Gly m 5 and Lup an 1, allowed for the 
identification of β-conglutin HMW fractions presence in 
the lines10-18 (the peptide ~ 62 kDa). A completely differ-
ent pattern of the reactivity with IMW β-conglutin was also 
observed. The dominating immunoreactivity in that range 
was noted for the peptide with MW ~ 31 kDa (not observed 
in the lines 10–11). The fractions within the range ~ 32 to 
33 kDa were also reactive. The antibodies of that serum 
also confirmed the immunoreactivity of α-conglutin subu-
nits. Peptide ~ 51 kDa or doublet of peptides, i.e. 49 and 
51 kDa were detected in each line, thus the presence of 
acidic α-conglutin subunits was found. However, what is 
more interesting in terms of immunoreactivity, is the detec-
tion of the basic subunit in this conglutin (i.e. the peptides 
in the range 20–22 kDa), which was observed in the lines 
1, 3, 6, 15 and 18.

Among the same lines obtained from the second culti-
vation places (Wiatrowo), some less immunoreactive lines 
should be indicated. Among them, there is mainly line 1 
(Mandelup) in which neither β-conglutin HMW subunit nor 
α-conglutin basic subunit was detected. This result, however, 
is not consistent with that noted for the same line cultivated 
in Przebędowo, which may indicate different maturation of 
the seeds obtained from two different cultivation places [9].

Lines 1, 5–9 (Mandelup, Mirela, Puławski Różowy 
Wczesny, Ignis, 25-65-M-4-1 and Stadoliszczenskij L-610) 
seemed to be poorer in HMW subunits of β-conglutin, and 
consequently, in the Lup an 1 allergen fractions, in both cul-
tivation places. Crossing these lines may be an interesting 
method aiming at decreasing the content of that allergen. 
However, it should be remembered that the alkaline subunit 
of α-conglutin lupine is considered one of the major lupine 
allergens (Lup an 2), even if it is currently not included on 
the WHO allergens list due to the fact that its significance 
in clinical studies has not been confirmed [10]. In that situ-
ation, line 15 (Schmalblaettrige Schwerzplatzen) and 18 
(Rammiespielyj) which were poorer in that fraction, may be 
also interesting for future cultivation studies.

Conclusions

Introducing lupine seeds into various products must be 
declared by the producer on the label because of the 
confirmed allergenicity of lupine. Simultaneously, the 

increasing level of lupine consumption induces the reported 
incidence of lupine allergy [23]. Immunoreactivity of the 
lupine seeds globulins in the case of the persons allergic to 
soy and peanut was confirmed in the presented studies for 
each studied extract.With application of the studied sera, the 
lines: Mandelup, Mirela, Puławski Różowy Wczesny, Ignis, 
25-65-M-4-1 and Stadoliszczenskij L-610 seemed to contain 
decreased content of this allergenic fraction. Moreover, the 
noted immunoreactivity was more differentiated than the one 
noted before with the application of children sera [30]. The 
most important would be to indicate lines with decreased 
expression of β-conglutin, especially HMW subunit which 
is confirmed allergen, included on the WHO list. However, 
the presence of the alkaline subunit of lupine α-conglutin, 
considered one of the major lupine immunoreactive proteins 
(Lup an 2), is also important. Thus, also the line Schmalbla-
ettrige Schwerzplatzen and Rammiespielyj can be considered 
less immunoreative in future studies. It is worth emphasiz-
ing that the reduced reactivity of the fraction of Lup an 1 in 
these lines was not a consequence of their lowered content 
of the total protein (it is marked in the Table 1), even if the 
most immunorective proteins—seeds globulines—are the 
storage lupine proteins. It should be expected that weather 
conditions, and—as a consequence—maturity of the seeds 
influenced the presented results. Therefore, the studies 
should be extended and furthermore, their results should be 
confirmed with the larger number of sera. Applying other 
patients’ sera may change the results, because the profile 
of the secreted antibodies is an individual matter. Thus, the 
discussed studies should be taken into account as the indica-
tion for further works on crossing the narrow-leafed lupine 
lines intended for nutritional purposes. They showed that 
crossing lines may lead to obtain new, sweet breeding lines 
with differentiated immunoreactivity. It may be important 
to ensure the higher safety of the food produced with the 
addition of lupine seeds and may reduce the appearance of 
new allergy cases.
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