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Introduction
Proteins in bread wheat grain are generally divided into gluten 
and non-gluten proteins. Both gluten and non-gluten proteins 
are located mainly in the embryo, aleurone layer and endosperm 
of the grain, with the endosperm containing most gluten. The 
reduction of the amount in major T-cell stimulatory epitopes in 
food will especially benefit children in whom the onset of CD 
may be delayed or even prevented and in non-diagnosed CD 
patients (the vast majority of all CD patients) to strongly reduce 
their symptoms. Therefore, breeding wheat with considerably 
reduced T-cell stimulatory epitopes should be considered a 
serious option. Currently, the only effective treatment for CD 
is the strict lifelong renunciation of gluten-containing foods, 
although alternative treatments, such as oral doses of microbial 
endopeptidases to degrade wheat peptides, are under trial [1]. As 
gluten is the major structure-forming protein present in wheat 
bread, it is challenging to produce high-quality gluten-free bread. 
Therefore, ingredients that can mimic the properties of gluten are 
generally used. According to [2] the use of polymeric substances 
such as xanthan gum or hydroxypropylmethylcellulase (HPMC) 
is required for the production of gluten-free bread.

The gluten protein fraction accounted for approximately 85% of 
the total grain protein content. Based on their solubility in aqueous 
alcohols and acidic solutions, glutens are divided into polymeric 
glutenins and monomeric gliadins proportion of 40% and 60%, 
respectively [3]. According to their molecular weight distribution, 
glutenins are classified into high molecular weight (70000–90000 
Da) glutenin subunits and low molecular weight (20000–45000 

Da) glutenin subunits (HMW-GS and LMW-GS), which account 
for 40% and 60% of glutenin composition, respectively. On the 
basis of the order of mobility on electrophoresis at low pH, 
monomeric gliadins are classified into α/β-, g- and w-gliadins, 
which represent approximately 55%, 30% and 15% in gliadin 
fractions, respectively [4]. The non-gluten protein includes 
albumins (water-soluble protein) and globulins (salt soluble 
protein). These are mainly biochemical functional proteins such 
as chaperones and enzymes, which regulate the accumulation and 
synthesis of storage proteins, and grain growth [5].

Gluten Protein Variations of Wheat
Glutens are the major constituents of bread wheat grain storage 
proteins and constitute 85% of the total. They are mainly 
responsible for the processing quality of wheat dough and were 
among the first proteins isolated and studied by human beings. 
Their biological function is to provide carbon, nitrogen and energy 
sources for seed germination and seedling growth. Mutations 
or silencing of such genes are not lethal for the plant, so the 
evolutionary selection pressure on these genes is much lower than 
for functional genes [6]. As a result, these genes can accumulate 
more mutations, making them ideal model molecules for studying 
a range of biological fundamental processes [7]. Extensive studies 
have provided substantial information about the relationship 
between gluten structures and properties in relation to product 
quality. The first systematic study was conducted by [8], who 
developed a classification for cereal-seed proteins based on their 
sequential extraction and differential solubility. Four different 
groups were classified. These are (1) albumins, soluble in water 
and dilute buffers, (2) globulins, not soluble in water but soluble 
in saline solutions, (3) gliadins, soluble in 70% to 90% ethanol 
and (4) glutenins, soluble in dilute acid or alkali. The two distinct 
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groups of the gluten polymer that were classified reflected their 
solubility in 70% ethanol, namely glutenins and gliadins [9]. 
The gliadins are single polypeptide chains and the glutenins are 
multichained structures of polypeptides that are held together by 
disulfide bonds. 

In most dicotyledonous and some monocotyledon seeds, the 
globulin types predominate in the seed. However, in the Triticeae 
(wheat, barley and rye) the major portion of seed proteins are not 
globulins, but classes of protein characterized by regular repetitive 
domains with unique and fundamental functional features [10]. 
These proteins are glutenins in wheat and variation in them either 
quantitatively or qualitatively has major effects on end product 
quality [11]. It is worth noting that although some water-soluble 
proteins are also found present in the dough gluten matrix and 
have some impacts on wheat processing quality, the glutenins 
and gliadins are still the dominant proteins in defining wheat 
processing quality [12]. The predictive power of glutenin subunit 
proteins for flour processing properties has been demonstrated 
for dough rheological properties, such as dough extensibility and 
elasticity [11]. Strong dough will form a cohesive mass that has 
resistance to extension and can retain stability during mixing.

The investigation of glutenin proteins in relation to dough 
properties have indicated two key variables: (1) the nature of 
the protein allele and (2) the level at which the respective allele 
is expressed [13,14]. Moreover, loaf volume during the baking 
process has a negative relationship with acetic acid-soluble 
glutenin and a positive relationship with acetic acid-insoluble 
glutenin [15]. For extensibility suggested this was a more complex 
trait involving other parameters such as LMW-GS and gliadin 
compositions. However, gliadins appear to be less important in 
determining bread quality, and the addition of gliadins or the 
overexpression of certain gliadins can reduce dough strength 
[16-18] found that hydrated gliadins have little elasticity but 
contribute to the viscosity and extensibility of the dough system, 
whereas, hydrated glutenins are responsible for both cohesive 
and elastic properties.

The structure of gluten protein is determined by three general 
domains, one central domain rich in a repetitive structure 
constituting a β-reverse turn and two terminal α-helix domains 
[19]. A long repetitive domain of the glutenin is considered to have 
a positive influence on wheat flour quality due to the formation 
of more β-reverse turn structures [20]. The proportion of the 
consensus hexapeptides and nonapeptides in the repetitive domain 
also affect dough quality. Masci et al. reported that a large and 
regular repeated sequence domain increases the viscosity and 
elasticity of doughs through intermolecular interactions. Wang et 
al., reported that the hexapeptide motif is more important than the 
nonapeptide motif. In terms of secondary and high order structure, 
gluten protein can aggregate to form a complex protein network 
through disulfide bonds during the dough mixing process. In 
general, most y-type subunits contain seven cysteines (five in the 
N-terminal domain and one in each of the repetitive and C-terminal 
domains), the x-type subunits possess four cysteines (three in 
the N-terminal domain and one in the C-terminal domain) [21]. 

Different compositions of wheat storage proteins confer different 
dough physical properties that are required by different products 
[22]. For example, pasta making requires dough with high gluten 
strength, but dough for biscuit making needs low gluten strength 
with high extensibility. Bread making needs moderate gluten 
strength and high extensibility dough, while noodle making needs 
dough with a balance of gluten strength and extensibility in order 

to protect dough from tearing during the manufacturing process. 
In addition, confectionery products such as cake and cookies need 
flour with weak gluten [23]. The core factors affecting the dough 
storage protein composition and viscoelastic properties are due to 
the essential role of disulfide bonds, which are formed between 
sulfhydryl groups of cysteine residue [24-30]. 

Conclusions
Based on the findings of gluten research, in the wheat genomic 
era, new HMW glutenins identified from wheat relatives and 
historical landraces with long central repetitive domains that 
contain high number of consensus hexapeptide and nonapeptide 
motifs as well as high content of cysteine and glutamine residues 
should be investigated for their potential to improve wheat end-use 
quality. This article is a review and does not contain any studies 
with human or animal subjects performed by any of the authors. 
Among the different gluten epitopes that have been identified, 
the α-gliadin epitopes are considered the most immunogenic. In 
HLA-DQ2.5-positive adults, responses to the α- and ω-gliadin-
derived peptides are dominant, while responses to the γ-gliadins 
and LMW glutenins are much less frequently observed. In this 
respect, it is significant that the immunodominant α- and ω-gliadin 
peptides contain four proline residues, while the γ-gliadin peptides 
have two or three and the LMW glutenin peptides only one or 
two. It has been shown that the proline-rich nature protects gluten 
peptides from degradation in the gastrointestinal tract so that they 
will persist increasing the chance that they will bind to HLA-DQ 
and trigger T-cell responses. 
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