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Abstract

Faba beans, the largest grain legume, are a valuable crop for sustainable agriculture and
are recognized as an inexpensive source of protein. The two primary storage proteins in
faba beans, albumins and globulins, are soluble in water and saline solutions. Albumins
contain a higher amount of sulfur-containing amino acids than globulins. In fact, albu-
mins are more abundant in sulfur-containing amino acids than globulins or other faba
bean seed proteins. Currently, there are only about 109,822 protein structures deposited
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in the Protein Data Bank, the repository for protein three-dimensional structures. Accu-
rate prediction of a protein’s tertiary structure is crucial for various bioinformatics appli-
cations, including the study of protein catalytic functions, activation mechanisms, and
ligand docking in drug development. The homology modeling approach is effective
when the sequence identity between the target and template sequences is sufficiently
high (greater than 30%). X-ray crystallography is used to crystallize proteins, and X-ray

diffraction is then employed to determine their structures. Due to the striking structural
and sequence similarities between legumin and vicilin, it is believed that they share a
common ancestral gene. However, there is a lack of information regarding the structural
modeling of faba bean storage albumin proteins using simulation methods. The three-
dimensional behavior of faba bean seed storage proteins depends on their structural
makeup. The objective of this review paper is to gather information on faba bean proteins
and their structural models from scholarly literature.
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1. Introduction

The faba bean (Vicia faba L.), one of the oldest and most treasured commodities for human sustenance, ranks seventh
globally in terms of output among all other legumes [1]. The faba bean (Vicia faba, abbreviated Vf below), one of the
world’s oldest legume crops, is also known as the fava bean, wide bean, horse bean, or field bean. This plant has been
cultivated since approximately 10,000 BC. With beginnings in the Near East, V'f spread to the rest of the world and has
currently grown in almost every nation, occupying 2.2 million ha and yielding close to 4 million tonnes annually [2]. China
is the leading producer of V’f, contributing 36% of global production.

Vfis a species of legume that is widely farmed and consumed worldwide. Although it contains a lot of protein and fibre,
anti-nutrients like vicine and convicine prevent it from being used in human nutrition [3]. Because of the health and envi-
ronmental problems associated with consuming meat, there is a greater need for protein from alternative sources. It’s
crucial to consider faba beans’ nutritional profile before utilizing them in meals [4]. Dry faba beans are generally used to
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manufacture starch flour, soups, refried and baked beans, and other canned foods because of their high nutritional content.
By increasing the consumption of dry beans, intakes of fibre, Vitamin B9, Mg, Zn, and Fe can be raised while intakes of
total fat and saturated fat can be decreased [5].

The consumption of dry beans may increase if they are transformed into more enticing, high-quality foods like breakfast
cereals, pastas, and snacks that consumers appreciate. Using all of the nutritional advantages of whole beans requires
preparing these recipes with added value [6]. An increasing market segment, particularly in industrialized economies where
people are embracing a vegetarian diet, could be satisfied by Vf has potential as a crop to meet this protein demand. For
example, 13% of Europeans would consider giving up red meat, yet more than 50% of respondents to a different survey
were amenable to replacing meat with other sources of protein [7, 8].

When compared to other beans like Lima, pinto, and red kidney beans, faba bean flour has the highest protein level at
29.76% [9, 10]. The fertilization technique, the growing season, and the planting location are some of the factors that
contribute to the broad variance in the protein content, which ranges from 20 to 41% [11]. The faba bean seed coat may
have less protein and glucose than the cotyledons and whole seeds [12]. The percentage of total solids in mature seeds is
three times larger than it is in immature seeds [13]. Immature seeds, therefore, contain significantly more vitamin A and
C than mature seeds do in terms of calories, proteins, minerals, and carbs [14].

The genetic codes specify 20 different amino acids. The polypeptides made up of amino acids are known as proteins.
Technically speaking, proteins are the result of decoding information from cellular DNA. The primary structural and trans-
porter components of a cell are proteins, which serve as the engine and biocatalyst for the cell. It’s interesting to note that
genetic coding controls which cellular processes proteins monitor. The genetic code encoded by the DNA molecule(s),
which is the fundamental unit of a gene, determines the structure and function of a protein [15].

The number of novel sequences is increasing substantially faster than the number of structures that have been solved,
despite the fact that the rate of experimental structure determination will continue to rise. Because only a tiny portion of
proteins can have their experimental structures established, computational methods for protein structure modeling are be-
coming more and more crucial in developing models that can be used for a variety of applications [16]. The modeling of
homo- and heteromeric complexes using the amino acid sequences of the interaction partners as a starting point has recently
been added to its modeling functionality [17].

Native proteins’ ability to crosslink, restructure, and form certain structural characteristics, as well as their three-dimen-
sional (3D) configuration, significantly influences the functional qualities of particular proteins in plants and plant-derived
products [15]. The techniques used to determine the structure of proteins can be broadly categorized into two groups: those
based on scattering/diffraction and spectroscopy (such as X-ray and nuclear magnetic resonance (NMR) techniques), and
those based on modelling [18]. These review objectives were to consolidate information found in academic publications
and to present a faba bean protein accumulation pattern and structural model.

2. Faba Bean Protein

Proteins, which are composed of 20 different amino acids that form a chain of variable length, perform the majority of the
tasks performed by an organism’s cells, including responding to stimuli, acting as catalysts for other reactions, transporting
molecules from one place to another, and carrying out cell signaling [19, 20]. For optimal physiological function to be
maintained, humans require a lot of it (about 50 g of protein per adult per day). Its high protein content and bioactive
chemical composition show that it can maintain human health and stave off diseases, making it an important dietary com-
ponent [21].

The protein content of faba beans is lower than that of soy and lupin (40.0%) but higher than that of peas and the bulk
of commercially available pulses, such as beans (22.17%), lentils (22.15%), and chickpeas (19.53%) [10]. The high protein
content of faba beans varies widely, ranging from 20% to 41% [22]. The wide variations are brought on by varietal differ-
ences, the source type (flour, fraction, or isolation), as well as fertilization procedures, the growing season, and the planting
area. The enormous genetic variability that occurs across the species causes faba bean protein content to be highly variable,
though [19, 23].

The high concentrations of globulins (70-78%), albumin (10-20%), glutelins (15%), and prolamines (5%), in faba beans
make them roughly twice as high in protein as cereal grains (Fig. 1) [21]. The distribution of these proteins is influenced
by cultivars and environmental conditions [24]. Faba bean proteins are categorized into four main classes based on their
solubility in various solvents. Glutamins are soluble in alkaline solutions, prolamins in 70% alcohol, albumins in water,
and globulins in low-salt solutions [25].
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2.1 Classification of Faba Bean Proteins

The many proteins contained in faba beans can be divided into four groups based on their solubility in different types of
solvents: globulins, albumins, glutelins, and prolamins [20]. Albumins and globulins, which are soluble in water and saline
solutions, respectively, are the major storage proteins of legumes in faba beans [26]. 11S proteins are more hydrophobic
than 7S proteins, and globin proteins are likely more hydrophobic than albumins, according to [27, 28]. Faba beans typi-
cally come in two varieties: globulins and non-globulins (Fig. 1).

FABA BEAN
PROTEINS

Globulin Non-Globulin
Proteins Proteins

Vicilin and

Legumin Covicilin

L

Figure 1. Classification of Faba Bean Proteins (adopted from [8]).

Note: Proteins from faba beans (Vicia faba) are categorized based on their structural and functional characteristics. Legumin (11S) and vicilin/convicilin (7S)
are the two main storage proteins, and globulins comprise around 80% of the protein in seeds. Albumin, glutelin, and prolamin are found in non-globulin proteins
and comprise around 20% of the protein in seeds. Globulins (legumin and vicilin/convicilin) and non-globulins are among the primary protein categories that

are summarized in Figure 1.

2.1.1 Globulins
The protein globulin, which is conserved in faba bean seeds and is made up of the amino acids legumin, vicilin, and

convicilin, accounts for roughly 80% of the seed proteins, based on ultracentrifugation sedimentation coefficients [29].
Aspartic acid, glutamic acid, leucine, and arginine are among the numerous structurally similar members of protein glob-
ulin [30].

Faba bean proteins are used to make globulins, which are classified into two groups based on their sedimentation coef-
ficients (S20.w): 7S proteins (vicilin and convicilin in faba beans, chickpeas, green peas, and lentils) and 11S proteins
(legumin in order to classify 7S proteins, the words vicilin and convicilin were first coined in pea [31]. Legumin, vicilin,
and convicilin polypeptides were identified in 13, 8, and 4 of the globulin’s 25 bands, respectively [1]. In the faba bean’s
ripe seeds, legumin accounts for 80 KDa of the total protein (Fig. 2).
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Figure 2. Composition of faba bean globulins (adopted from [29]).

Note: Vicilin (7S) is a trimeric protein with a molecular weight of approximately 55 kDa. Legumin (11S) forms hexameric structures with a molecular weight
of about 80 kDa_Vicilin/convicilin accounts for 20-34% of total protein, while legumin comprises 35-60% of total protein in faba beans
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Globulins make up a sizable portion of the storage proteins in legumes and have an impact on their rheological and
textural characteristics [32]. Legumin and vicilin are salt-soluble proteins found in globulins that have high molecular
weights and complex structures, yet their ratio is crucial for using these proteins as fortifiers in different foods such as
breads and biscuits [11]. Legumes make up the majority of Vf globulins [30]. The ¥flegumin and vicilin contents varied
between 40 to 45% and 20 to 25%, respectively [14]. Legumin and vicilin/convicilin made comprised, respectively, 50%
and 27% of the protein extract overall [20]. Legumin (11S globulin) is a hexameric holoprotein that is present in V'f and
has an isoelectric point at pH 4.8. It is made up of trimers and polymorphic subunits. V'flegumin a subunits have polymor-
phic bands and appear to be more variable. It was also discovered that there are two additional subunits, referred to as
legumin minor subunits, with molecular weights of 75 and 80 [33]. These subunits also show heterogeneity in electropho-
resis and ion-exchange chromatography. There were also discovered two more subunits, referred to as legumin minor
subunits, with molecular weights of 75 and 80 Molecular weights KDa (Fig. 3).

Faba bean contains both vicilin and convicilin, with about 30% of vicilin in the total protein of the seed. Convicilin and
vicilin polypeptides have subunit sizes of 50 and 70 kDa, respectively. These two subunits are not linked by disulfide
bridges and lack cysteine. Their polypeptides were described by [34] as being 50 and 70 kDa in size, cysteine-free, and
disulfide bridge-free. Vicilin (7S globulin), which possesses isoelectric points at pH 5.5 and is encoded by numerous gene
families, was discovered in V. faba as trimers. The majority of protein quality is determined by the quantity of sulphur-
containing amino acids(S-AA), which is affected by the relative ratios of the major protein classes. Legumin and vi-
cilin/convicilin comprised up 50 and 27% and other protein contains 23% (Fig. 3), respectively, of the protein extract [14].
Furthermore, globulin peaks make approximately 77% of the overall protein peak area, which is quite similar to the 70 to
80% globulin concentration in Vf seed proteins that was previously predicted by size-exclusion high-performance liquid
chromatography (SE-HPLC) [33].
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Figure 3. Quantification of Legumin and Vicilin/Convicilin Contents by HPLC (adopted from [29]).

Note: SE-HPLC was used to chromatographically separate the protein extract from the entire seeds of Vicia faba. Legumes and vicilin/convicilin are two of the
main protein aggregates that the study identified as separate peaks. Based on Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) and
mass spectrometry analysis, peaks 2 and 4 were determined to be legumin and vicilin/convicilin aggregates, respectively, with retention periods of 12.4 and 14.0
minutes. These proteins’ dominance in the protein composition of faba bean seeds was demonstrated by the fact that they made up more than 70% of the overall
chromatogram peak area.

2.1.2 Albumins

Proteins that are globular, heat-coagulable, and water-soluble are known as albumins. Plants have albumin as a 2S albumin
storage protein in their seeds, according to [19]. Leucine in barley, wheat, and rye, legumelin in peas, soybeans, faba beans,
and cowpeas, phaselin in kidney beans, and ricin in castor beans are all examples of this protein. Most enzymatic proteins
in plants can coagulate when heated and are water-soluble, just like in mammals. Albumins possess higher levels of sulfur-
containing amino acids than globulins or other faba bean seed proteins [35].[1] Claim that faba bean seed albumins mostly
function as metabolic proteins, including phytolectin, protease inhibitors like trypsin inhibitor, and lectins like phytolectin.
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2.1.3 Glutelins
The amino acid profile of glutelins, in contrast, is comparable to that of prolamins but contains larger concentrations of
glycine, methionine, and histidine [14]. They are also soluble in sodium hydroxide.

2.1.4 Prolamines
In prolamins, a distinct class of faba bean seed proteins that is lacking in proline, lysine, and tryptophan, leucine, proline,
and glutamic acid are plentiful [14].

Table 1. Summary of Faba bean protein characteristics

Faba bean protein Solubility Percent Storage Reference
Albumin Water 10 -20% 28 [31]
Globulin Salt solution/NaCl solution 70 -78% 7 Sand 11S [31]

Vicilin-type globulins Salt solution/NaCl solution 20 -25% 7S, C-terminus [1[43772]9]
Legumin-type globulins Salt solution/NaCl solution 40 -45% 118 [14, 37]
Vicilin and convicilin Salt solution/NaCl solution 7S [29]

Glutelins Alkaline solutions 15% - [38]
Prolamines Alcohol/water mixtures 8% - [38; 39]

Note: An overview of the nutritional and functional properties of the proteins found in faba beans (Vicia faba). Along with protein types (globulins: legumin and
vicilin/convicilin) and their structural characteristics, functional attributes, including solubility and water-binding capacity, are emphasized in Table 1.

3. Storage Pattern of Faba Bean Proteins

The seeds of blossoming plants often accumulate sizeable amounts of seed protein, including lectins and storage protein
[40]. Seeds are a substantial source of dietary protein and range in protein content from 10% in cereals to 40% in some
legumes and oilseeds [41]. Over 80% of the weight of the total seed protein is made up of seed storage proteins, according
to [42]. Numerous studies have been conducted on the storage proteins found in wheat, pea, rice, soybean, Arabidopsis
thaliana, and Arabidopsis thaliana seeds [43]. The majority of the principal storage proteins in legumes are enzymatically
inactive proteins that are deposited in seed cotyledons and provide nutrients for seed germination as well as seedling growth
and development [35].

The behaviors that faba bean seed storage proteins can take in three dimensions rely on their structural makeup. The
proteins with a relatively low abundance performed a variety of functions, including protein transport, signal transduction,
protein biosynthesis, electron transfer, peroxide resistance, catalysis, and intracellular trafficking, to maintain the physio-
logical and biochemical activities in faba bean seeds [44]. Protein content and composition have a strong relationship with
protein function in the storage of faba bean seeds [45].

Protein purity refers to the measure of how free a protein sample is from contaminants such as other proteins, nucleic
acids, lipids, or small molecules, which is crucial for accurate structural and functional analysis. Isolation challenges arise
because extracting proteins from complex biological matrices like faba bean seeds often involves separating closely asso-
ciated proteins and removing interfering substances without altering protein integrity. Post-translational modifications
(PTMs) are chemical changes to a protein after its synthesis, such as phosphorylation or glycosylation, which can signifi-
cantly affect the protein’s structure, stability, and function.

Understanding the protein accumulation pattern is important for structural studies because it impacts the ability to obtain
highly pure protein samples, informs about potential isolation difficulties due to complex seed matrices, and highlights the
presence of PTMs that may occur during or after accumulation, all of which are critical factors for accurate modeling of
protein structure and function.

4. Structural Model of Protein

The amino acid sequence of a protein is the only factor that influences its structure. Because each amino acid has distinct
properties, the numerous amino acids work together to form a three-dimensional structure [46]. This characteristic is es-
sential for inferring a structure from a sequence because similar sequences will have similar structures. Furthermore,
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because proteins with similar structures and functions typically coexist, it is possible to tell from comparing the amino acid
sequences of two proteins that they not only share the same structure but also function.

This provides the basis for homology-based structure and function prediction [47]. The sequence-structure deficit is one
of the main problems that develops when high-throughput sequencing generates massive databases of protein sequences,
but the associated 3D structures are still unknown. A significant problem of sequence-structure deficit has emerged as a
result of experimental techniques’ inability to identify structural coordinates for the majority of proteins. Only computa-
tional prediction methods can close this enormous gap between the number of available sequences and experimentally
solved protein structures [30]. According to [48], understanding protein structure is essential for rational structure-based
drug design and virtual molecular library screening.

Today, the two main techniques for figuring out protein 3D structure are X-ray crystallography and nuclear magnetic
resonance (NMR) [48]. X-ray crystallography crystallises proteins, and X-ray diffraction is then used to discover their
three-dimensional (3D) structures. NMR is yet another useful technique for determining the protein structure. One ad-
vantage of NMR over X-ray crystallography is the ability to analyse the protein in an aqueous environment, which may
more closely mimic its actual physiological state [49].

4.1 Homology Modeling

It took 25 years for the first server to fully automate protein homology modelling to emerge, and it has since experienced
constant progress [49]. Recently, a method for measuring local model quality has also been improved, along with a new
modelling engine that generates models with increased accuracy [50]. One of the most popular structural modelling servers
in the world, SWISS-MODEL now generates over 3000 models every day (or roughly two per minute), up from about
1500 models per day in 2014[48].

The homology modeling approach is most reliable when the sequence identity between the target and template sequences
is high (typically greater than 40-50%). While models can sometimes be generated down to ~30% identity, their accuracy
decreases significantly and requires careful validation. The quality of the homology model developed, according to [51],
is greatly impacted by the degree of sequence conservation between the target and template sequences. This type of mod-
elling is based on the premise that amino acid sequence information is less conserved than structural information about
proteins.

4.2 Protein Tertiary Structure Prediction
There are two methods for protein structure prediction, namely

4.2.1 AB initio methods

The ab initio process, as the name implies, determines the protein structure from its sequence, starting from scratch. To
find the most native-like model, a variety of ab initio techniques use precise energy functions and conformational search
techniques. However, ab initio techniques need a lot of computing power and have only worked well for small proteins.
When no appropriate homolog is located in the database, ab initio prediction is used. These global minima of the protein
are searched for using ab initio approaches. In order to obtain the global minima and the right native-like conformation,
an effective search strategy must be used to explore the conformational space in the free energy landscape [52].

4.2.2 Homology modeling and fold recognition

On the other side, finding homologues with known structural details for the protein being modelled (the target protein) is
necessary for homology modelling and fold recognition. Homology modelling is one of the simplest techniques for esti-
mating the structure of a protein and is based on the idea that a protein’s structure changes far more slowly throughout
evolution than its sequence [53]. In general, if there are enough residues between two sequences that match, a homolog
with sequence identity above 40% can be employed for homology modelling of the target protein. Using fold recognition
or threading, the prediction can be made if there is less than 40% sequence similarity.

4.2.2.1 Types of homology modeling templates and methods of recognition

Template-Based Predictions: Template-based predictions use data from solved structures to simulate the native fold of
a protein sequence. The sequencing information for the target protein, or the protein of interest, is first requested from
Expasy. When the target protein is searched against the PDB using the BLAST (Basic Local Alignment Search Tool), a
broad picture of all the homologous proteins with known 3D coordinates can be obtained. Low e-values, which denote
statistically significant sequence similarity, can be used to select the best matches from a Basic Local Alignment Search
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Tool (BLAST) run, or services that use homology modelling can automatically find the best hits. The target sequence is
mapped onto the template structure after the template structure has been found to produce the 3D structure of the target
protein [54].

Fold Recognition Methods: Fold recognition techniques are utilized when there is not enough sequence similarity be-
tween the target and template to undertake comparative modelling. Fold recognition is the term for the template’s recog-
nition, which is a challenge in and of'itself. Threading involves processes akin to comparative modelling. There are separate
stages for fold fitting and fold identification. Despite the fact that there are many different approaches, the objective is to
choose “folds” from a library of folds of known protein structures [41]. A library of different protein folds is created using
the database of protein structures. Threading techniques are used to compare a Target sequence to a collection of structural
Templates.

5. Structural Model of Faba Bean Protein

The amino acid sequence of a protein is the only factor that influences its structure. Because each amino acid has distinct
properties, the numerous amino acids work together to form a three-dimensional structure [46]. This characteristic is es-
sential for inferring a structure from a sequence because similar sequences will have similar structures. Furthermore, be-
cause proteins with similar structures and functions typically coexist, it is possible to tell from comparing the amino acid
sequences of two proteins that they not only share the same structure but also function. This is the basis for homology-
based structure and function prediction [55].

Based on X-ray diffraction, globulins were deposited in the Research Collaboratory for Structural Bioinformatics (RCSB)
Protein Data Bank (PDB). The accessibility of X-ray diffraction-based models facilitates future computer-based modelling
and enables simulation-based verification of protein structures. Globin from legume seeds was the first storage protein to
be crystallized and subjected to X-ray diffraction research [56]. The crystal structure was found to be compact with salt
bridges and hydrophobic clusters, resulting in layers of densely packed molecules forming aggregates, according to [57].
Since then, vicilin in cocoa and other globulin proteins have been simulated using homology modelling based on the crystal
structures of jack bean and French bean phaseolin, two globulins found in legumes According to simulations based on the
amino acid sequences of individual subunits and their polymers, examples of the structural characteristics of the storage
proteins 7S globulin in soybean and 118§ globulin in pea were found.

Legumin and vicilin demonstrate a great deal of structural and sequence similarity, indicating that they may have shared
a common ancestor [30]. Mature legumin is a hexameric protein with a mass of about 330 kDa and two trimeric subunits.
Three monomers are put together to form the trimeric protein vicilin. Vicilin, unlike legumin, lacks cysteine and is fre-
quently glycosylated at its C-terminus [29]. Because of these structural differences, the physicochemical properties of seed
storage proteins may change, which in turn impacts how well they are utilized and appreciated as food [49].

Albumin; NMR and X-ray crystallography have been used to identify the crystal structures of a few albumin storage
proteins, and two of these protein structures have been placed in the RCSB PDB [18]. There is a dearth of knowledge on
faba bean storage albumin proteins’ structural modeling utilizing simulation tools. The faba bean seeds also include a
number of significant extras that aid in preserving the structural and functional qualities of the protein and other dietary
components.

Prolamins and glutelins have both seen fewer modelling and simulation studies than globulins and the bulk of other
protein types. There aren’t many models of prolamin proteins since they have an innately disordered structure. It has been
shown, however, that during processing, the prolamins form disulfide connections with other seed storage proteins, assist-
ing in the creation of a polymer [59].

Glutamins are considerably larger and more complex molecules than prolamin polymers seen in nature [59]. This may
be one reason for the limited modelling of these proteins. The majority of early studies focused on learning more about the
history and synthesis mechanism of these large polymers [26]. Theoretical models of polymerization mechanisms have
made progress in the use of modelling tools to anticipate the structure of the glutenin polymer [18].To determine whether
the polymers form head-to-tail, head-to-head, tail-to-tail, or tail-to-head, these models can be employed. In order to better
understand how proteins polymerize into huge oligomers by forming disulfide bonds, the N-terminal region of glutenins
has also been subjected to molecular modelling and homology modelling [47]. Protein polymerization is always associated
with various types of specified structures and structures that emerge under particular processing conditions [18]. Modelling
these proteins as a result is quite difficult and requires a lot of processing power [60].
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6. Applications

The integration of a vast amount of data is being facilitated by 3D structures and other structural analysis techniques, which
may be helpful to further investigate the prospects for improving understanding of protein structure and function in the
future. A better understanding of the binding site and other functionally significant sections is provided by a protein’s 3D
structure, which may be used in drug design. The requirement for moving further with structure-based drug designing is
the presence of a target structure, which also directs alterations to lead compounds. A protein’s 3D complex structure with
its ligand offers further details on the acids involved in the interaction [15].

The mechanism behind the pharmacological activity of a drug, binding affinity, and lead modification is explained by
the interaction of a receptor with a tiny molecule. Additionally, computational modelling demonstrates how a protein’s
native structure, which is necessary for its typical function, is destroyed when an amino acid is mutated, leading to loss of
function. By illustrating structural changes in the mutant target protein that result in a loss of appropriate binding or inter-
action between a drug and the target protein, it can also be used to demonstrate the process of drug resistance. The protein-
ligand complexes are stabilised by a variety of factors, including electrostatic, Van der Waals, hydrogen bonding, and
hydrophobic contact. Due to the high degree of flexibility and lack of knowledge about how water affects the binding,
modelling the intermolecular interactions in the protein-ligand complex is a highly difficult procedure [59].

7. Conclusions

One of the strongest prospects for crops that can both enhance sustainability and increase the global availability of plant
protein is the faba bean, which serves as a substantial source of protein for humans and animals. Protein structure homology
modeling has become a common method for generating structural models in life science research when experimental
structures are unavailable. Albumins and globulins, the two primary storage proteins in faba beans, are each soluble in
water and saline solutions. Albumins contain higher levels of sulfur-containing amino acids than globulins or other seed
proteins found in faba beans. The main motivation behind protein structure modeling is the lack of experimentally deter-
mined sequence-structure relationships. Due to their strong structural and sequence similarities, legumin and vicilin are
believed to have evolved from a common ancestral gene. Nuclear magnetic resonance (NMR) and X-ray crystallography
have been used to determine the crystal structures of a few albumin storage proteins, with two of these structures deposited
in the RCSB Protein Data Bank (PDB). The intrinsic instability of prolamin protein structures is the primary reason why
no models exist for these proteins. Prolamin and glutelin are among the largest proteins in nature and are insoluble in water,
which limits studies of these proteins using modeling techniques and molecular simulations. Generally, legumin, vicilin,
and convicilin accumulate in different ways during seed development, which helps to identify seed storage proteins.
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