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The study was undertaken to examine the immunogenic potential of pea protein of Polish cultivar Maraton and its trypsin hydrolysates differing
in a degree of hydrolysis. The physicochemical characteristics of a pea protein extract and its hydrolysates, DH 2.0 and 5.0, was conducted by means
of SDS-PAGE electrophoresis, chromatofocusing, affinity chromatography, and sequential analysis. The immunogenic properties of pea protein and
its trypsin hydrolysates, DH 2.0 and 5.0, were investigated by direct and competitive ELISA methods. The results confirm that the protein extract
is a stronger immunogene than the hydrolysates, while hydrolysate with DH 2.0 was a stronger immunogene than that with DH 5.0. The dominant
antigen isolated from the pea protein extract and both trypsin hydrolysates had a molecular weight of about 20 kDa and was in glycoprotein fraction.
The N-terminal sequence of this antigen was determined to be: Thr-Glu-Thr-Thr-Ser-Phe-Leu-Ile-Thr-Lys. Its precursor is probably pea lectin.

INTRODUCTION

Peas (Pisum sativum L.) have a high nutritional value and
are used as a constituent of animal feedstuffs or human diet.
Pea seeds contain about 13.7-30.7% of protein, depending on
cultivar [Tzitzikas et al., 2006; Fraczek et al., 2007]. The major-
ity of pea proteins consist of salt-soluble globulins or storage
proteins that are synthesized during seed development, stored
in protein bodies, and hydrolysed during germination to pro-
vide nitrogen and carbon skeletons for a developing seedling
[Wang et al., 2003]. The others are albumins that include many
housekeeping proteins, lectins, and lipooxygenases. Tzitzikas
et al. [2006] proved that the total globulin content ranged from
49.2 to 81.8% of the total pea protein extract (TPPE). Legu-
min content varied between 5.9 and 24.5% of the TPPE. Vicilin
was the most abundant protein of pea, and its content varied
between 26.3 and 52.0% of the TPPE. Convicilin was the least
abundant globulin, and its content ranged from 3.9 to 8.3%.
Finally, these authors concluded that the globulin-related
proteins were present in amounts ranging from 2.8 to 17.3%.
Generally, globulins consist of two classes, 7S and 118, based
on their sedimentation coefficients: the 7S fraction (vicilin,
convicilin) and 118 fraction (legumin). These two groups dif-
fer considerably in molecular weight and structure. Vicilin is
a protein of 47-50 kDa, which can form trimers of a molecular
mass of ~150 kDa [Tzitzikas et al., 2006]. Some of vicilins are
glycosylated, and glycosylation occurs close to the C terminus
of the y fragment [Sheldon ez al., 1996]. Convicilin is a protein
of ~70 kDa, which can form trimers with a molecular mass
of ~210 kDa [Casey, 2003; O’Kane et al., 2004]. Convicilin

is not known to undergo any post-/co-translational modifica-
tions other than the removal of a signal peptide, and is not
glycosylated [Newbigin ez al., 1990]. Legumin is expressed as
protein of 60 -80 kDa, which is usually present in a haxameric
form [Casey & Domoney, 1999].

Pea is an important protein-rich European crop. In spite
of this fact, peas and pea proteins are not widely used in food
application due to the competitiveness of soybean. The in-
crease of the competitiveness of peas in relation to soybean
requires further research of the biological values of all pea
proteins. One of those biological values are the immunogen-
ic/ allergenic properties of the pea proteins and the products
of their enzymatic hydrolysis [Sanchez-Monge et al., 2004].

The aim of this study was to examine the immunogenic
potential of antigen fractions of a pea protein extract and its
trypsin hydrolysates from Polish pea cv. Maraton.

MATERIALS AND METHODS

Materials
Pea seeds of the Polish cv. Maraton were purchased from
the Plant Breeding Company (Lagiewniki, Poland).

Extraction of proteins

Pea proteins were extracted from pea seeds with
McLeester’s method [1973]. Pea flour (9.1 g) was suspended
in 25 mL of buffer (0.5 mol/L NaCL and 0.25 mol/L ascorbic
acid, pH 2.5) and homogenized for 5 min at room tempera-
ture. Proteins were extracted for 1 h at 5°C. The mixture was
centrifuged at 30,000 x g for 30 min at 4°C. The supernatant
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was dialysed for 48 h at 5°C against distilled water and then
lyophilized.

Determination of proteins
Protein content of the extract was determined according
to the Kjeldahl’s method [AOAC, 1990].

Determination of the degree of hydrolysis (DH)

Pea protein extract was used for tryptic hydrolysis. A so-
lution of the protein extract (3.57 g/32 mL, 0.2 mol/L phos-
phate buffer, pH 8.0) was prepared and heated to 50°C. Then,
0.022 g of trypsin (15 mAU/g of extract) resolved in 3.7 mL
of phosphate buffer was added and the solution was mixed.
Enzymatic hydrolysis was performed at 50°C and kept at
pH 8.0 with constant addition of 1 mol/L NaOH solution.
Samples were taken after 0, 10, 20, 30, 60 and 120 min of incu-
bation. To 5 mL of hydrolysate aliquot, 5 mL of a 1% sodium
dodecyl sulphate (SDS) solution were added and the mix-
ture was heated at 90°C for 15 min to inactivate the enzyme.
The solution was then transferred to a volumetric flask and
adjusted to a final volume of 25 mL. This solution will be re-
ferred to as “the examined sample”. The degree of hydrolysis
(DH) of the extract was determined with the TNBS method.

TNBS assay was performed according to the method re-
ported by Adler-Nissen [1979] with the reagent volume being
reduced to 50% of the original volume. In brief, to 0.125 mL
aliquot of the examined sample diluted 2.5-fold, 1 mL
of a phosphate buffer (pH 8.2, 0.212 mmol/L) was added
along with | mL of a freshly prepared aqueous solution
of TNBS (0.1%). Tightly secured tubes were shaken in the dark
at 50°C for 1 h. The reaction was stopped by the addition
of 2 mL of a 100 mmol/L HCL solution. After 20 min, 4 mL
of water were added and after another 10 min the absorbance
was read at 340 nm. The blank was prepared identically and
L-leucine was used as a standard (0-5 x 10-7 mol/0.125 mL
of sample).

The total content of a-amine groups (h/total) was de-
termined according to the method reported by Hajos et al.
[1988]. The solution of 10 mL of 6 mol/L HCL and 0.5 g
of protein extract was put in a glass ampoule and saturated
with nitrogen. Next, the ampoule was closed by heating. Hy-
drolysis was conducted at 105°C for 12 h. The solution was
filtrated and neutralized with 6 mol/L NaOH, and transferred
to a volumetric flask and adjusted with phosphate buffer
(pH 8.2) to a final volume of 100 mL. The content of a-amine
groups was determined with TNBS method [Adler-Nissen,
1979]. The degree of hydrolysis (DH) was computed from
the following equation [Adler-Nissen, 1979]: DH (%) =h/h_,
x 100, where: h — number of hydrolyzed peptide bonds (mEq
Leu - NH,/g of protein), and h_, — total number of peptide
bonds in protein (mEq Leu — NH,/g of protein).

Antibodies

Antibodies were produced using six rabbits. Inmunogene
prepared for the first immunization contained 0.5 mL of an-
tigen (1.5 mg of pea protein extract or its tryptic hydrolysate,
DH2.0and 5.0) solutionin 0.9% sodium chloride (2.0 mg/mL)
emulsified with equivalent of Freud’s complete adjuvant
(F 5881, Sigma, Poznafi, Poland). Next, four immunizations

were made at weekly intervals in the presence of Freud’s in-
complete adjuvant (F 5506, Sigma, Poznan, Poland) with
the same volume and antigene concentration as described
previously. All immunization injections were given subcuta-
neously. The production of antibodies and an increase in their
titre were controlled using the indirect ELISA method by tak-
ing blood samples from the marginal vein of a rabbit 2-3 days
prior to the subsequent scheduled immunizations. Ten days
after the last immunization the rabbits were exsanguinated.
Blood was incubated for 1 h at 30°C. Following centrifugation
at 1500 x g for 20 min, serum IgG antibodies were obtained
at 20% saturation with sodium sulphate. After centrifugation
at 1500 x g for 30 min, the pellet was dissolved in a phos-
phate buffer of pH 8.8, dialysed for 15 h at 4°C with a phos-
phate buffer being changed four times and the IgG fraction
thus obtained was lyophilized.

Direct ELISA method [Engval & Perlman, 1971]

The microtitre plate (Nunc®) was coated with 1 pug/mL
of antigen (pea protein extract or its tryptic hydrolysate with
DH 2.0 and 5.0) in 50 mmol/L carbonate buffer of pH 9.8 and
incubated overnight at 4°C. After washing with TPBS
(10 mmol/L of PBS, pH 7.4 with 0.5% of Tween 20), residual
free binding sites were blocked with 150 uL/well of 1.5% ge-
latine (G 9382, Sigma, Poznan, Poland) for 30 min at 25°C.
Next, the dilutions of rabbit blood serum (1:50 to 1:102,400)
samples were added to the antigen-coated and gelatine was
well blocked for 1 h at 37°C. After washing, the plate was in-
cubated for 1 h at 37°C with 100 uL/well of peroxidase-con-
jugated goat anti-rabbit immunoglobulin G (A 6154, Sigma,
Poznan, Poland), followed by washing and addition of o-
phenylene-diamine dihydrochloride (P 8287, Sigma, Poznan,
Poland). After 30-min incubation, 100 uL/well of 4 mol/L
sulphuric acid were added to stop the reaction. Absorbance
was read at 492 nm on an automatic plate reader (Reader 510,
Organon Teknika, Brussels, Belgium).

Competitive ELISA method [Engval & Perlman, 1971]
The microtitre plate (Nunc®) was coated with 100 wL/
well of antigen (pea protein or its tryptic hydrolysate with DH
2.0 and 5.0) in 50 mmol/L carbonate buffer of pH 9.8 and in-
cubated overnight at 4°C. After washing, residual free binding
sites were blocked with 150 uL/well of 15% gelatine (G 9382,
Sigma, Poznan, Poland) for 30 min at 25°C. Next, the solution
of rabbit antibodies (50 uL/well diluted with PBS (1: 12,000))
and the sample examined (50 uL/well) were added simultane-
ously to the antigen — coated and gelatine blocked well for 1 h
at 37°C. After washing, the plate was incubated for 1 h at 37°C
with 100 wL/well of peroxidase-conjugated goat anti-rabbit im-
munoglobulin G (A 6154, Sigma, Poznan, Poland), followed by
washing and addition of o-phenylene-diamine dihydrochloride
(P 8287, Sigma, Poznan, Poland). After 30-min incubation,
100 pL/well of 4 mol/L sulphuric acid was added to stop the re-
action. Absorbance was read at 492 nm on an automatic plate
reader (teader 510, Organon Teknika, Brussels, Belgium).

Affinity chromatography
Sepharose 4B (column: 10 x 2.5 cm) was activated with
bromine cyanide. Rabbit immunoglobulin (100 mg) against
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the antigen (pea protein extract) was bound to the activated
Sepharose 4B. Next, 60 mg of antigens (extract or tryptic
pea protein hydrolysates with DH 2.0 and DH 5.0) dissolved
in 1 mL of PBS (pH 7.4) were loaded on the top of the col-
umn and left for 12 h at 4°C. The unbound antigens were
washed out from the column with PBS until the absorbance
at 220 nm has reached 0.02. The bound antigens were re-
leased from the column with 0.1 mol/L glycine-HCL buffer
(pH 2.8) at 0-2°C. The fractions were immediately alkalized
with the carbonate buffer (pH 8.2), dialysed against distilled
water at 4°C and lyophylized.

SDS-PAGE electrophoresis

Polyacrylamide gel with the concentration of 15% and
an acrylamide to methylenebisacrylamide ratio of 37:1 were
prepared according to the method described by Laemmli ef
al. [1970]. The separation of proteins was carried out with
TRIS-glycine buffer (pH 8.3) and the voltage drop of 40 V/cm
using a Flat Bed Apparatus FBE 300 (Pharmacia, Sweden).
Proteins were stained with Coomassie brilliant blue R-250 and
additionally glycoproteins were stained with Kit Pro-Q™ -
Emerland 300 Glycoprotein Gel Kit (P-21855), Molecular
Probes Inc. Eugenie OR USA). The stained gels were scanned
at 510 nm on a spectrophotometer (Specord M-40, Germany)
with a scanner transport system.

The molecular weight of the protein bands was calculated
from a standard curve prepared with Sigma standards (Mr
range 6500 — 205,000), by KODAK 1D (3.5.4) programme.

Sequential analysis

The sequential analysis of the N-terminal fragments
of the antigens was performed by the gas-phase sequencer
(Model 491, USA) [Gendel, 1998]. Phenylhydantoin deriva-
tives of amino acids were analysed by the integrated HPLC
system (Microgradient Delivery System, Model 140 C, USA).

RESULTS

The content of protein in pea seeds cv. Maraton, expressed
as the per cent of meal, was 20.3%.

The maximum degree of hydrolysis (DH 5.0) of the pea
protein extract by trypsin was reached after about two hours
(Figure 1).

The SDS-PAGE electrophoresis of the pea protein extract
showed sixteen bands with molecular weight ranging from
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FIGURE 1. Kinetics of hydrolysis of the pea protein extract by trypsin.

14 to 55 kDa (Figure 2). The electrophoretic separations
of trypsin hydrolysates showed the presence of three main
fractions with molecular weights of 14, 17 and 20, and a frac-
tion with molecular weight of ~ 26 kDa (Figure 2).

Changes in polyclonal antibody titre during immu-
nization of rabbits are presented in Figure 3. Statistically
significant differences in the increase of rabbit antibody
titres were observed between the pea extract and its trypsin
hydrolysates with DH 2.0 and 5.0. These results showed
(Table 1) that the pea protein extract displayed a stronger
immunogenic potential than its trypsin hydrolysates with
DH 2.0 and 0.5.
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FIGURE 2. SDS-PAGE electrophoresis of the pea protein extract and
its trypsin hydrolysates (DH 2.0 and 5.0). M - markers, R — pea protein
extract, R 2.0 and R 5.0 — trypsin hydrolysates with DH 2.0 and 5.0.
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FIGURE 3. Changes of titre of polyclonal rabbit antibodies during im-
munization (-e-e-e-e- pea protein extract, -m-m-m-m- trypsin hydrolysate
(DH 2.0) of pea protein extract, -A-A-A-a- trypsin hydrolysate (DH
5.0) of pea protein extract).
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TABLE 1. Antibody titres against the pea protein extract and its trypsin
hydrolysates DH 2.0 and 5.0.

Antigen Antibody titre
Pea protein extract 1: 12800
Trypsin hydrolysate (DH 2.0) 1: 6400
Trypsin hydrolysate (DH 5.0) 1: 3200

Absorbance at 492 nm

0 T T T 1 0%
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Concentration of unbounded antigen (ng/mL)

FIGURE 4. Competitive ELISA of pea protein and its hydrolysates
(-e-e-e-e- pea protein extract, -m-m-m-m- trypsin hydrolysate (DH 2.0)
of pea protein extract, - A- A- A-a- trypsin hydrolysate (DH 5.0) of pea
protein extract).
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FIGURE 5. SDS-PAGE electrophoresis of an antigen fraction of the pea
protein extract.

The antigens were additionally characterised with a com-
petitive ELISA test (Figure 4). The results indicate that the pea
protein extract was most strongly bound to the antibodies while
the trypsin hydrolysates differed in competition in relation to an-
tibodies (Figure 4). Higher affinity to the antibodies was shown
by trypsin hydrolysates with DH 2.0 than by those with DH 5.0.

The electrophoretic characterization of the antigens is
presented in Figures 5 to 7. Three main bands with molec-
ular weights of 7.5, 20 and 22.5 kDa were observed on all
electrophoregrams. In all cases, the dominant antigen was
in the band with a molecular weight of 20 kDa.

The N-terminal of this antigen was found to have the se-
quence: Thr-Glu-Thr-Thr-Ser-Phe-Leu-Ile-Thr-Lys.

In addition, it was shown that this antigen was a glycopro-
tein (Figure 8).

DISCUSSION

A research by Gruppen et al. [1993] and our previous
study [Fraczek et al., 2007] indicated that low molecular
pea proteins can also provoke the antigenic response. This
fact suggests that the total immunogenic/allergic potential
of pea proteins is not else fully characterised. An addi-
tional argument for this statement are the results concern-
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FIGURE 6. SDS-PAGE electrophoresis of na antigen fraction of trypsin
hydrolysate DH 2.0.
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FIGURE 7. SDS-PAGE electrophoresis of an antigen fraction of trypsin
hydrolysate DH 5.0.
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FIGURE 8. Schematic electrophoregram of pea protein fractions which
reacted positively with reagent identifying glycoproteins: 1 — 7.5 kDa,
2-20.0kDa, 3 - 22.5 kDa, W — marker (44.0 kDa).

ing the genetic variations in pea seed globulin composition
[Tzitzikas et al., 2006]. Our early researches on pea protein
extract from the pea seeds of the Polish cultivar Rodan
[Fraczek et al., 2007] proved that the strongest antigenic
properties were displayed by glycoprotein with molecular
weight of ~20 kDa and N-terminal sequence: Thr-Glu-Thr-
-Thr-Ser-Phe-Leu-Ile-Thr-Lys, which is in agreement with
the results obtained in this work. The identified N-terminal
sequence suggests that the precursor of this polypeptide
could be pea lectin [Guzman-Partida er al., 2004]. This
result is different from findings of Gruppen et al. [1993],
who demonstrated that a 29 kDa pea protein of cv. Solara
showed the most distinct antigenic response. The obtained
results seem to confirm the view of Ena et al. [1995] and
Hyun Soo Shin et al. [2007] that the immunogenic poten-
tial of proteins and their hydrolysates depends not only on
the amino acid sequences of the epitopes but also on their
molecular weight and conformation. This dependence con-
firms our earlier and present results. The same three main
bands with molecular weights of 7.5, 20.0 and 22.5 kDa were
observed on all electrophoregrams of the antigen fractions
of pea protein extract cv. Rodan [Fraczek ef al., 2007] and
cv. Maraton. An additional band with a molecular weight
of 29.0 kDa was found in the pea protein extract of cv. Ro-
dan. The presence of this fraction in the pea protein extract
was probably the cause of twice higher an immunogenic po-
tential of this extract in comparison with pea protein extract
of cv. Maraton. Some confirmation of this statement could
be the fact that this fraction was hydrolysed by trypsin and
an immunogenic potential of these hydrolysates with DH
2.0 and 5.0 was the same both for protein hydrolysates of cv.
Rodan and cv. Maraton.

CONCLUSION

Pea protein is characterised by a higher immunogenic po-
tential than its trypsin hydrolysates. The trypsin hydrolysates
of pea proteins differ in their immunogenic potential. The hy-
drolysates with a higher degree of hydrolysis show lesser im-
munogenicity. The obtained results seem to confirm the view
that the immunogenic potential of proteins and peptides is
determined not only by amino acid sequence but also by mo-
lecular weight and, in consequence, by their conformation.
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