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Abstract

:

The aim of the study was to analyze the proteome of the wheat (Triticum aestivum L.), oat (Avena sativa) and buckwheat (Fagopyrum esculentum Moench.) genotypes using immunochemical methods and to detect the presence of celiac active polypeptides. The results of ELISA confirmed a high gluten content in wheat (43,278.51 mg·kg−1). The buckwheat varieties (average 2.03 mg·kg−1) fulfill the criteria for labeling as gluten-free food. The results confirm the oat varietal dependence on the content of allergenic proteins. The Western blot analysis revealed the strongest reactions of the polyclonal antibody with wheat proteins of 25 kDa to 50 kDa and with oat proteins of 20 kDa and 40–55 kDa. No signal was detected in buckwheat, which was confirmed by ELISA results. Buckwheat can be recommended as a safe crop for the preparation of gluten-free foods.
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1. Introduction


In recent years, the number of people suffering from certain diseases resulting from civilization, such as food allergies or various intolerances, has increased. Some foods can cause an allergic reaction or problems caused by food intolerance in people who are sensitive to a particular allergen [1]. These food allergens include proteins or glycoproteins with a molecular weight of 5 kDa to 100 kDa with the ability to bind to IgE receptors [2]. Celiac disease is one of the most widespread food intolerances in the world. It is an inflammatory disease of the upper small intestine caused by the consumption of proteins in wheat; rye; barley; and in some cases, oats in people with a genetic predisposition to the disease. However, opinions on the use of oats in the preparation of foods suitable for patients with celiac disease are still discussed [3]. The disease is caused by immunological intolerance to gluten. All allergenic fragments share two celiac active tetrapeptide fragments in the N-terminal region of the protein: Pro-Ser-Gln-Gln and Gln-Gln-Gln-Pro [4,5]. Allergen-specific immunoglobulin antibodies E play a key role in the development of food allergy. Recent advances in molecular biology techniques have enabled efficient analyzes of food allergens. Allergen-specific IgE antibodies and peptide epitopes are useful indicators for identifying patients with food allergy, predicting clinical severity and detecting changes in food tolerance [6]. There are several analytical methods that allow for the quantitative and qualitative detection of allergenic food residues. The most commonly used method is ELISA, which can specifically detect proteins from allergenic sources, is sufficiently sensitive and allows for rapid determination of residue limits in industrial food processing [7]. Proteomic techniques, in combination with Western blot, make it possible to identify allergens and make a significant contribution to the acquisition of new knowledge, which serves to develop diagnostic methods by detecting the binding of IgE antibodies to specific proteins (allergens). Two-dimensional electrophoresis is also used in combination with immunoblotting and mass spectrometry, which allow for the identification and sequential processing of unknown sample extracts [8].



The aim of this work was to analyze the proteome of selected varieties of wheat, oats and buckwheat, with an emphasis on the detection of celiac active polypeptides that cause allergic reactions in people with hypersensitivity.




2. Materials and Methods


2.1. Biological Material


Grains of wheat varieties (Triticum aestivum L.) Viglanka, Elinor and PS Puqa; grains of oat varieties (Avena sativa L.) Vendelin, Valentin and Zvolen; and grains of buckwheat varieties (Fagopyrum esculentum Moench) Špačinská1, Pyra and Jana C1 were analyzed. Samples were obtained from the Gene Bank of Seed Species of the Slovak Republic NPPC VÚRV in Piešťany.




2.2. ELISA Method


The content of celiac active proteins in the grains of the analyzed crops was determined by ELISA method using the AgraQuant Gluten G12 test (Romer Labs). Protein extraction was performed according to the manufacturer’s instructions; 100 µL of standards and samples were added to the wells of the microtiter plate. After a 20 min incubation, 100 µL of conjugate was applied, then 100 µL of substrate was added and the reaction was stopped by adding 100 µL of stop solution. The absorbance of the standards and samples at a wavelength of 450 nm was measured on an ELISA reader (BioTek Instruments, Winooski, VT, USA). The amount of protein in the analyzed sample was determined by subtracting the values from the calibration curve.




2.3. Western Blot Analysis


Protein extraction was performed according to the Schägger methodology [9]. The extracted proteins were denatured at 100 °C for 5 min before loading onto the gel. Electrophoretic analysis of proteins was performed in Tris-tricine SDS-PAGE according to the methodology of Schägger [9] in the Bio-Rad Mini-Protean Tetra System; 10 µL of the broad-spectrum protein ladder Spectra Multicolor and 3 μL of the protein samples were loaded onto the gel. Protein separation was performed for 40 min at 30 volts and 120 min at 90 volts. The gel was stained overnight in Coomassie Brilliant Blue R-250 solution, and then, the background was decolorized in 10% acetic acid.



Electrotransfer of proteins from the gel to the immobilon-P polyvinylidene fluoride membrane (Millipore) was performed in an OmniBLOT Mini Blotting system in a buffer medium for 90 min at 170 mA. The membrane was placed in a TBS/BSA solution overnight, then incubated with the primary antibody and then incubated with the secondary antibody. The resulting immunocomplexes were detected with the chromogenic substrate SIGMAFAST 3,3′-diaminobenzidine. Membranes were read on a GS-800 Calibrated Densitometer, modified in Quantity One and evaluated by Image Lab.





3. Results and Discussion


Individuals with a genetic predisposition to celiac disease are dependent on gluten-free foods [10,11,12]. The AgraQuant® Gluten G12 ELISA with the G12 monoclonal antibody, which forms a complex with prolamins and allows for the quantification of proteins in the range of 4 to 200 mg·kg−1, was applied to determine the celiac active protein. The G12 antibody recognizes amino acid sequences QPQLPY and QPQLPF, which are less common; occur only in α-gliadins and in some ω-1,2-gliadins and γ-gliadins; and bind to amino acid motifs QPQLPL, QPQQPY, QPQQPF and QPELP [13].



The gluten content in the wheat varieties analyzed (Table 1) ranged from 23,899.63 mg·kg−1 (Elinor) to 67,385.83 mg·kg−1 (PS Puqa), on the basis of which it can be stated that the gluten content far exceeds the set limit, and therefore, it is not a suitable crop for a gluten-free diet.



The content of celiac active polypeptides in the oat samples analyzed varied considerably in individual varieties. The variety Zvolen with a gluten content of 10.57 mg·kg−1 meets the criteria of gluten-free food, while the varieties Vendelin (44.71 mg·kg−1) and Valentin (57.37 mg·kg−1) belong among the low-gluten foods. Discussions about the suitability of using oats in a gluten-free diet vary widely [3,4].



A very low gluten content was determined in buckwheat samples (Table 1) with an average value of 2.03 mg·kg−1. The content of gluten proteins in buckwheat ranged from 2.13 mg·kg−1 (Pyra) to 3.97 mg·kg−1 (Jana C1), while in the genotype Špačinská 1, it was below the detection limit. These results show that all buckwheat samples meet the limit for the label “gluten-free” and can be used to produce foods suitable for patients with celiac disease.



The results obtained correspond to the conclusions of work by other authors. The content of celiac active proteins in 23 summer wheat genotypes using two different ELISA tests with antibody R5 and G12 was determined by [14]. The content of celiac active prolamins determined by the G12 antibody in the analyzed samples ranged from 58,500 mg·kg−1 to 106,500 mg·kg−1. The presence of gluten in a set of different crops using the RIDASCREEN® ELISA test was detected by [15], and the gluten content in wheat samples was determined to be from 5240 mg·kg−1 to 115,070 mg·kg−1, while in oat samples, it ranged from 60 mg·kg−1 to 21,300 mg·kg−1 depending on the variety. Ref. [16] found the gluten content of oats, flour and oat products using the RIDASCREEN® Fast Gliadin test, showing that the average gluten content in the oat sample was 316.6 mg·kg−1 and in the flour sample was 522.2 mg·kg−1. According to the results of [17], the gluten content in all analyzed buckwheat samples using the R5 antibody was below the detection limit.



Western blot is a technique by which isolated proteins are separated by SDS-PAGE and subsequently transferred to a PVDF membrane. Next, the target protein is labeled with an appropriate primary and secondary antibody and detected with a specific substrate. The intensity of the protein band corresponds to the amount of protein present [18]. The presence of potentially allergenic proteins (Figure 1), which are the most common triggers of celiac disease and other protein-induced diseases of various crops, was detected in the wheat, oat and buckwheat samples analyzed using the Western blot method. The resulting membranes were evaluated based on the molecular weights and intensity of the blotted prolamins after immunization with the antibody and were compared with the electrophoretic spectrum of the proteins from SDS-PAGE.



The protein profiles of all three analyzed wheat genotypes were very similar. The molecular weight of wheat proteins was detected in the range from 120 kDa to 13 kDa. Evaluation of the membrane (Figure 1) revealed a high concentration of celiac active proteins in all wheat samples. The polyclonal antibody reacted with almost all wheat proteins with a molecular weight from 120 kDa up to 20 kDa. The strongest signal was given by proteins with a molecular weight of 50 kDa to 25 kDa, which are the most risky protein fractions due to the presence of celiac active proteins. Only proteins with a molecular weight of less than 20 kDa did not react with the antibody.



The molecular weight of the proteins in the individual oat genotypes on SDS-PAGE ranged from 60 kDa to 13 kDa, with the oat proteins showing a weaker reaction with the polyclonal antibody compared with the wheat samples. An evaluation of the membrane revealed that the allergenic oat proteins had a molecular weight of 55 kDa to 17 kDa. The strongest signal of oat proteins was shown in proteins with a molecular weight of about 20 kDa and from 55 kDa to 40 kDa. Proteins with a molecular weight of approximately 34 kDa, which were most intense on SDS-PAGE, did not react with the antibody.



Buckwheat proteins separated in an SDS-PAGE gel had a molecular weight of 95 kDa to 5 kDa, with the most intense buckwheat proteins detected in the region of 50 kDa to 30 kDa and about 20 kDa. These proteins showed almost no reaction with the polyclonal antibody. A very weak reaction was observed in proteins with a molecular weight of about 20 kDa, which could probably be due to a cross-reaction. The results of the Western blot confirmed the conclusions of the ELISA method, and it can be stated that buckwheat is a suitable raw material for the preparation of gluten-free foods.



The results achieved are in accordance with the work of other authors. Ref. [19] compared the prolamin proteins of wheat, barley, rye and triticale using electrophoretic and immunochemical methods. All proteins with a molecular weight higher than 25 kDa were labeled by immunoblotting in wheat samples using a polyclonal antibody. The antibody did not react with proteins with a molecular weight of 15 kDa to 25 kDa. Proteins with a molecular weight of 35 kDa to 45 kDa gave the strongest signal. Ref. [20] analyzed the allergenicity of buckwheat proteins before and after hydrolysis by proteases. By monitoring the protein profile of the buckwheat in an SDS-PAGE gel, they detected the presence of proteins with a molecular weight of 50 kDa to 30 kDa, with the most intense band having a molecular weight of about 20 kDa. These proteins did not react with the antibody and did not detect the presence of any allergenic proteins in buckwheat samples.



Ref. [4] performed a proteomic analysis of seed proteins of six oat genotypes, with the molecular weight of the proteins ranging from 80 kDa to 10 kDa. The proteins were transferred to a membrane where the presence of allergenic oat proteins in the region with a molecular weight of 70 kDa to 25 kDa was detected. These proteins reacted with the antibody, and proteins with a molecular weight of about 37 kDa showed the strongest signal.



Many other proteomic techniques are used to further identify proteins, such as liquid chromatography coupled to mass spectrometry (LC-MS/MS), which is one of the most promising non-immunological methods for the identification, quantification and resolution of gluten-forming proteins and is based on accurate molecular weight peptide biomarkers [21].




4. Conclusions


The ELISA method and the Western blot have been shown to be accurate and sufficiently sensitive analyses by which it is possible not only to accurately detect but also to quantify the content of celiac agents in plant samples. The gluten content of wheat exceeds the set limit, while buckwheat met the standard for a gluten-free crop. It has been shown that the allergenicity of oats is variety-dependent, and the applied methods can be used to detect this varietal specificity and, thus, to select varieties suitable for food production and for consumption by individuals with predisposed conditions. Using immunochemical methods, it is possible to quickly and reproducibly detect allergenic proteins in raw materials prepared for the production of foods suitable for risk groups in the population of people who suffer from food allergies or intolerance to certain protein components of grains.
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Figure 1. SDS-PAGE and Western blot analyses of wheat, oat and buckwheat samples. Explanations: (A) SDS-PAGE; (B) Western blot; M—molecular marker Spectra Multicolor Broad Range Protein Ladder (Thermo Scientific); 1–3, wheat (PS Puqa, Viglanka, Elinor); 4–6, oats (Vendelin, Zvolen, Valentin); and 7–9, buckwheat (Špačinská 1, Jana C1, Pyra). 
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Table 1. Gluten content of analyzed crops determined by the ELISA method.
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	Wheat
	Gluten

mg·kg−1
	Oats
	Gluten

mg·kg−1
	Buckwheat
	Gluten

mg·kg−1





	PS Puqa
	67,385.83
	Vendelin
	44.71
	Špačinská 1
	<LOD



	Viglanka
	38,550.06
	Zvolen
	10.57
	Jana C1
	3.97



	Elinor
	23,899.63
	Valentin
	57.37
	Pyra
	2.13



	X
	43,278.51
	X
	37.55
	X
	2.03



	σ
	18,065.27
	σ
	19.77
	σ
	1.62



	VK
	41.74
	VK
	52.64
	VK
	79.78







Explanations: X—mean, σ—standard deviation, VK—coefficient of variation.
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