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Chapter 8
Properties of Plant Proteins

Muhammad Arif and K. Peter Pauls

Chapter Highlights

e Proteins are linear assemblies of different quantities and sequences of amino
acids.

e They have structural roles as building blocks of organisms, regulatory roles as
transcription factors or metabolic roles as catalysts of biochemical reactions
(enzymes) in the cell.

e The functional properties of a protein are defined by the physical and chemical
properties of the protein.

* A number of crops including cereals grains, legumes and pulses are rich in plant
proteins that can be used directly for manufacturing protein-based bioproducts.

* These plant proteins have a wide range of structures and functions, making them
suitable for the manufacturing of a broad variety of bioproducts.

8.1 Introduction

Proteins are linear polymers of amino acids that have a great variety of functional,
structural and regulatory roles in organisms. The word “protein” comes from the
Greek word “prota”, meaning “of primary importance” (http://www.peptideguide.
com/proteins.html). Most proteins are assemblages of 20 possible standard amino
acids that are directly coded for by DNA codons (Table 8.1, Fig. 2.12) and some
nonstandard amino acids in some organisms. A typical amino acid contains an
amino group (NH, -), a carboxylic group (— CO,H) and a side chain R group
(neutral, acidic or basic) that are all covalently attached to the a-carbon (Fig. 2.11).
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Table 8.1 Primary amino acids: their chemical structures and properties

Symbol

Amino acid Three letter | One letter | Side-group charge | Side-group polarity | Structure
Alanine Ala A Neutral Non-polar \rﬁ\

W C
Arginine Arg R Positive Polar J[ /\“'\fj“
Asparagine Asn N Neutral Polar M ﬂ

o
Aspartic acid | Asp D Negative Polar - ,ﬂ\

i
Cysteine Cyc C Neutral Non-polar . 1

B f‘: ~C
Glutamine Gln Q Neutral Polar ) PN 1

NN e
Glutamic acid | Glu E Negative Polar - "!
Glycine Gly G Neutral Non-polar i

-
Histidine His H Positive (10%) Polar P i

Neutral (90%) LA

Isoleucine Ile I Neutral Non-polar 1 JO\

~
Leucine Leu L Neutral Non-polar o /i\

e
Lysine Lys K Positive Polar i Tlc
Methionine Met M Neutral Non-polar ,]ﬁ
Phenylalanine | Phe F Neutral Non-polar . /))QL

SR
Proline Pro P Neutral Non-polar i_
Serine Ser S Neutral Polar L

o T“ &
Threonine Thr T Neutral Polar . f
Tryptophan Trp w Neutral Non-polar . i
Tyrosine Tyr Y Neutral Polar I f "
Valine Val \'% Neutral Non-polar ‘
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Fig. 8.1 Schematic representation of a peptide (amide) bond in a dipeptide molecule

The side chain R group contains acid, amine, amide, alcohol, alkyl or benzyl groups
that determine whether an amino acid is acidic, basic or neutral.

Amino acid monomers can be assembled into a limitless number of sequences
and can exhibit a wide range of interactions and chemical reactions (McMurry
1994; Stevens 1999; Pommet et al. 2003). When two amino acids are joined together
during protein synthesis on a ribosome of a cell, a partial double covalent peptide
(amide) bond (Fig. 2.14) is established between the carboxylic group of the nascent
polypeptide or protein and the amino group of the additional amino acid, resulting
in the release of a water molecule (Fig. 8.1). Typical proteins are polymers of
approximately 350 amino acid residues; therefore, proteins are also called polypep-
tide chains. The term amino acid residue typically refers to amino acids which are
bonded into a polypeptide, or a shorter segment, referred to as a peptide. The ends of
polypeptide chains contain free amino and carboxylic groups, referred to as the
N-terminus and the C-terminus, respectively. The ionized N-terminal amino group,
C-terminal carboxyl group and groups on side chains determine the net charge,
polarity and functionality of the protein polymers.

After its synthesis, the primary polypeptide chain undergoes several chemical
and structural modifications that serve to protect the newly synthesized protein from
breakdown by the cell’s own proteolytic enzymes and functionalize it for various
cellular roles. The range of modifications includes interchain folding; phosphoryla-
tion; conjugation with sugars, lipids and metals; as well as oligomerization. Proteins
have structural roles as building blocks of organisms, regulatory roles as transcription
factors or metabolic roles as catalysts of biochemical reactions (enzymes) in the cell.
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Functional or structural proteins can be pure or conjugated or globular or filamentous,
depending on their chemical and physical nature (Damodaran 1996). This chapter
builds upon the information on amino acids and proteins presented in Chap. 2 extend-
ing the discussion into the realm of plant proteins, including the major sources and
methods of isolation and processing. A considerable amount of the discussion that
follows is based on information that can be found in a textbooks used for senior
undergraduate courses in biochemistry (e.g. Heldt and Piechulla 2010; Moran et al.
2012; Nelson and Cox 2017).

8.2 Structural and Functional Properties of Proteins

The functional properties of a protein are defined by all the physical and chemical
properties of the protein, which affect its behaviour during its interaction with other
molecules, processing, storage, isolation, utilization and degradation. Protein struc-
ture and function depend on the type, number, order, orientation of its amino acids
and interactions among them. Protein structure is determined by the basic struc-
ture of the peptide bond, the sequence of its amino acids, folding of the primary
chain and interactions, as well as intra-protein and inter-protein cross-links among
its constituent amino acid side chains (Krochta 2002). The primary polypeptide
chain is organized into secondary, tertiary and quaternary structures (Fig. 2.15),
based on the kind, number and sequence order of the amino acid residues and their
cross-linking interactions within the chain. Hydrogen bonding, van der Waals forces
and electrostatic, hydrophobic and covalent disulphide cross-linking bonds orga-
nize proteins into their final structures (Krochta 2002).

Discussions about polypeptides or proteins often refer to the terms molecular
weight (MW) or relative molecular mass (M,) which is the mass of the molecule
relative to one twelfth the mass of an atom of carbon-12. MW or M, is dimension-
less and has no units. The molecular mass (i.e. absolute molecular mass, m) has the
same magnitude as MW (or M,) but instead is presented in daltons (Da) where 1 Da
is an atomic mass unit.

8.2.1 Primary Structure

A protein’s primary structure refers to the linear sequence of amino acid residues in
the polypeptide chain. The partial double bond nature of the peptide bond, which is
the result of the resonance structure created by the delocalization of the lone pair of
electrons on the nitrogen, creates a slight positive charge on the amino group (N —
Hd+) and restricts the rotation of the CO-NH bond to a maximum torsion angle (o)
of 6°. This rigidity of the peptide bond keeps its six atoms in a single plane with
mostly (1000:1) trans configurations, which reduces steric interactions of the
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trans cis

Fig. 8.2 Schematic representation of tran-cis orientation of amino acids in polypeptide chain.
(Source: Damodaran (2008), Nelson and Cox (2017), Voet et al. (2016))

a-carbons, except for X-proline peptide groups, which have 3:1 (trans:cis) ratios.
Rotation about the other bonds in the primary chain, namely, between N-Co (®)
and Ca—CO (W), occurs freely but is affected by interactions among R groups
(Fig. 8.2) (Damodaran 2008).

8.2.2 Secondary Structure

After synthesis, the majority of proteins fold into a-helices and p-sheets, which
make up their secondary structures. a-Helices are right-handed spirals stabilized
by hydrogen bonds between carbonyl oxygens (at positions n) and amide hydro-
gens of the fourth amino acid (at positions n + 4) towards the C-terminus. Every
turn in the a-helix contains 3.6 amino acid residues. Within the o-helix, the side
chains of the amino acid residues project outward from the axis of the helix, and
its stability is affected by the properties of these side chains. For example, an ala-
nine residue, which has a small uncharged side chain, occurs often in a-helices,
whereas tyrosine and asparagine residues, which have large side chains, are less
commonly found. Proline residues cannot make up a-helices because their rigid
cyclic side chains disrupt the helix conformation and because they do not have
hydrogen atoms on their amide nitrogens to form the hydrogen bonds that stabilize
helices (Damodaran 1996).

In B-sheets, the primary amino acid chain is folded back on itself so that interac-
tions can occur at the sides of the chain for some length to create a planar surface.
Hydrogen bonds occur between the carbonyl oxygens of one strand and the amide
hydrogens of the next strand, which lie in the sheet in roughly perpendicular posi-
tions relative to the long axis of the sheet. Side chains project above and below the
plane of the sheet. f-Sheets with primary strands running antiparallel (running in
the same N- to C-terminal direction) and parallel (running in opposite N- to
C-terminal direction) exist, but the former structure is more stable.
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8.2.3 Tertiary Structure

To optimize the intra-chain attractive forces (van der Waals, hydrophobic and elec-
trostatic) and to reduce the free energy and interfacial area, protein secondary struc-
tures fold into more compact tertiary structures. The process of folding is complex
and often brings hydrophobic side chains, such as those of phenylalanine, alanine,
valine, leucine, isoleucine and methionine, into the interior of the molecule, where
they are shielded from contact with water, and positions hydrophilic side chains,
such as those of lysine, arginine, serine, glutamic acid, histidine and glutamine, to
the outside in contact with water to create a hydrate coat. Electrostatic interactions
between oppositely charged amino acids residues (such as the amino of side chain
of lysine and the carboxylic group of glutamic acid) within close proximity in the
three-dimensional space create salt bridges that stabilize tertiary structures.
Oxidation of the thiol groups of two cysteine residues (Cys—SH) to form intra-strand
disulphide bonds (Cys—S—S—Cys) is another important mechanism for stabilizing
tertiary structures.

8.2.4 Quaternary Structure

Some proteins are actually aggregates of monomers arranged into a quaternary
structure. These structures are stabilized by the same non-covalent interactions and
disulphide bonds as the tertiary structures. For example, most of the plant seed stor-
age proteins, including soy protein (soybean), phaseolin (bean), gluten (wheat) and
zein (maize), are oligomers.

8.2.5 Protein Modifications

Post-translational modifications give proteins physical, chemical and functional
properties that are used to classify them as glycoproteins (conjugated with sugar),
phosphoproteins (phosphorylated), lipoproteins (conjugated with lipids) or metal-
loproteins (conjugated with metals). These modifications affect the functional and
structural properties of proteins as well as their localization, stability and interac-
tions with other molecules.

Glycosylation is the addition of oligosaccharide chains called glycans to pro-
teins during or after their synthesis in the endoplasmic reticulum (ER) and/or Golgi
apparatus (GA) of the cell. The oligosaccharide side chain is attached to the amide
nitrogen of asparagine (Asn) residues (N-glycosylation) or to the hydroxyl group of
serine (Ser), threonine (Thr) or hydroxyproline (Hyp) residues (O-glycosylation) in
the protein backbone. N-glycosylation occurs during or after translation in the ER,
with the transfer of a preformed lipid-linked oligosaccharide onto the polypeptide.
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In contrast, O-glycosylation occurs by the transfer of individual saccharides onto
folded proteins in the ER and/or the GA.

Glycosylation represents the most widespread post-translational modification
found in biopharmaceutical proteins. Approximately 50% of human proteins are
glycosylated, and the functional activities of therapeutic glycoproteins are fre-
quently dependent on the presence and composition of their glycans, since they can
affect their plasma half-life and tissue targeting. For foreign proteins synthesized in
plant platforms, the glycosylation patterns are of particular importance because
plant glycosylation patterns differ in several ways from mammalian N- and
O-glycosylation patterns. For example, because plants lack
N-acetylglucosaminyltransferase-III, ~ N-acetylglucosaminyltransferase-IV ~ and
N-acetylglucosaminyltransferase-V enzymes, which produce branching in glycans,
plant N-glycans are bi-antennary structures, instead of the multi-antennary struc-
tures found in animal glycoproteins. Also, plant N-glycans contain o (1, 3) fucose
and/or B (1, 2) xylose linked to the core Man;GIucNAc,-Asn of glycans, in contrast
to the occurrence of § (1, 4)galactose in mammalian proteins. Furthermore, most
oligosaccharides of human glycoproteins are capped by the addition of sialic acid on
a penultimate galactose residue, but the pathway for the addition of sialic acids is
missing from plants. The absence of the sialic acid modification of galactose causes
rapid removal of the protein from circulation through uptake by hepatic galactose-
specific receptors. Additional protein engineering is required to produce mamma-
lian compatible proteins in plant-based systems (Webster and Thomas 2012).

8.2.6 Protein Targeting

Higher plants have evolved the ability to accumulate large amounts of proteins in
stable forms in their storage organs such as seeds, tubers and roots. The proteins are
deposited in specialized protein storage vacuoles or protein bodies in the cell
(Herman and Larkins 1999). The storage proteins are transported into the ER during
their synthesis. Storage albumins and globulins, found in most land plants, are traf-
ficked through the normal secretory pathway that includes the GA and accumulate
in storage vacuoles of cotyledonary cells, especially in legumes (Otegui et al. 2006).
In contrast, prolamins, which are found in cereals, form large insoluble polymers
within the ER that do not proceed along the secretory pathway and result in the
formation of protein bodies in endosperm cells (Herman 2008).

8.3 Physicochemical Properties of Proteins

Knowledge of the physicochemical properties of proteins, including their amino
acid composition, structure, net charge, charge distribution, hydrophobicity/hydro-
philicity ratio, molecular flexibility/rigidity, MW and ability to interact with other
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components, is useful to evaluate their potential utility for manufacturing bioproducts
such as adhesives, glues, films, fibres and pharmaceuticals. Collectively, the physi-
cochemical properties of proteins affect their functional properties, such as solubil-
ity, hydration, oil miscibility, aroma trapping, viscosity, gelation, elasticity,
emulsification and foaming characteristics, which are important parameters for
protein-based products. These properties can be grouped into properties related to
hydration mechanisms, protein structure and rheology and protein surfaces (Moure
et al. 2006).

8.3.1 Protein Hydration Properties

The hydration properties of proteins are the result of their amino acid compositions
and in particular the ratio of polar versus non-polar and ionic versus neutral amino
acids (Table 8.1). Water is a bipolar molecule and interacts easily with other polar
molecules, including polar amino acids. Proteins with high polar amino acid fractions
have high water binding and holding capacities (Kuntz and Kauzmann 1974).

The locations of the hydrophobic (non-polar) and hydrophilic (polar) amino
acids in protein molecules also influence their water retention properties (Damodaran
1996). To perform their different functions, proteins are usually folded in a way that
exposes their hydrophilic amino acids on their surfaces and places their hydropho-
bic amino acid residues in the centers of their structures (Mierovich and Scheraga
1980). The ratio of hydrophobic to hydrophilic amino acid residues on the surface
of the protein molecule and the charge frequency determine the solubility of the
protein in various solvents. Higher ratios of surface hydrophobic amino acids
increase protein-protein interactions, resulting in lower protein solubilities, while
charged amino acids promote protein-solvent interactions, resulting in increased
protein solubilities (Damodaran 1996; Moure et al. 2006). Protein concentration,
pH, temperature, ionic strength, type of solute ion and atmospheric pressure are the
external factors that affect the water-holding capacities and solubilities of proteins
(Moure et al. 2006).

8.3.2 Protein Rheology Properties

Viscosity and gelation are the two most studied rheological properties of proteins.
Viscosity is the resistance to flow of a liquid due to internal friction. A gel is an
intermediate state between solid and liquid. The viscosity and gelation properties of
proteins depend on protein-protein and protein-solvent interactions. These depend
on their molecular properties, including MW, molecular size, shape, flexibility and
hydration (Damodaran 2008). Proteins containing polar amino acid residues form
transparent gels and proteins containing non-polar amino acid residues form opaque
gels (Shimada and Matsushita 1980; Totosaus et al. 2002; Moure et al. 2006).
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8.3.3 Protein Surface Properties

Proteins procured from different sources have different surface activities, including
emulsion and foam properties. Differences in protein surface activities are mostly
related to different conformations proteins can assume. Several interdependent fac-
tors (including polypeptide chain stability/flexibility, adaptability to environmental
change, amounts and distribution patterns of hydrophilic and hydrophobic amino
acid residues in their primary polypeptide chain and on the surfaces of the proteins)
affect their surface properties. A balance of non-covalent interactions, including
electrostatic attractions, hydrogen bonding, covalent disulphide bonding and hydro-
phobic interactions, determines the emulsion and foaming properties of proteins
(Damodaran 1996). However, not only intrinsic factors but also extrinsic factors
such as protein concentration, pH, temperature, ionic strength and type of ion and
pressure can affect protein-based products (Phillips et al. 1994). A proper balance of
attractive, repulsive and hydration forces is required to form strong and stable
protein-based products.

The structural and functional properties of proteins make them useful for various
industrial applications. For example, proteins can be made into elastic materials that
can survive repeated stress-strain cycles, and they can aggregate to form films that
provide barriers to gases, moisture and bacteria. Films produced from protein could
be used in food packaging, in paper coatings and in bandaging materials. Protein-
based materials have become a research focus because of their high performance,
low cost and environmentally friendly characteristics (Kumar et al. 2008; Sasmal
et al. 2008).

8.4 Plant Proteins

Agricultural crops have been the main source of food and feed for many centuries
because they contain high levels and high concentrations of protein, starch and oil.
Plants have the potential to function as efficient platforms for pharmaceutical and
therapeutic protein manufacturing because their production costs are low, they pro-
duce high quantities of proteins and extraction protocols are relatively facile and
efficient.

A number of crops including cereals grains, legumes and pulses are rich in plant
proteins (Dangaran et al. 2011) that can be used directly for manufacturing protein-
based bioproducts. Corn zein, wheat gluten, sorghum kafirin, rice (Oryza sativa)
bran protein, soy protein, peanut protein and cottonseed protein have all been uti-
lized to manufacture protein bioproducts. Because plant proteins are varied in their
chemical, physical, functional and structural properties (Table 8.2), bioproducts
made from them have a wide range of uses. In this section, a few common composi-
tions of plant proteins are discussed.
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Table 8.2 Amino acid composition (% of protein) of some plant proteins

Amino acids Corn zein® | Wheat gluten® | Soybean® | Mung bean! | Red kidney bean®
Glycine 0.0 39 1.8 3.6 4.2
Alanine 10.5 3.1 1.8 5.1 4.5
Valine 4.0 53 2.5 6.7 4.6
Leucine 21.3 8.3 33 9.3 8.1
Isoleucine 5.0 4.9 1.9 55 39
Phenylalanine | 7.3 6.0 2.2 6.8 5.9
Tryptophan 0.2 NR 0.5 NR 1.2
Proline 10.5 14.5 2.0 4.1 4.4
Serine 7.1 5.2 1.9 2.5 6.1
Threonine 3.5 3.5 1.6 1.8 4.5
Tyrosine 53 3.8 1.5 3.0 2.9
Methionine 24 1.7 0.6 1.3 1.4
Cysteine 0.8 2.3 0.7 - 1.0
Lysine 0.0 2.1 2.7 6.8 7.5
Arginine 4.7 4.5 32 7.0 6.3
Histidine 1.3 2.3 1.2 2.5 3.0
Aspartic acid | 4.6 3.7 4.8 10.2 13.1
Glutamic acid |26.9 41.0 7.7 19.5 17.3
4Golenkov (1985)

*Coffman and Garcia (1977)
“Mundi and Aluko (2012)
Mosse (1961)

*Kovalenko et al. (2006)

8.4.1 Corn Zein

Corn (Zea mays) contains 8—12% protein in its kernels (Earle 1977). Gorham first
described corn zein in 1821, and Osborn classified it as a prolamin, which is a seed
storage, globular, water-ethanol-soluble, protein containing large amounts of pro-
line and glutamine and small amounts of arginine, lysine and histidine (http://www.
britannica.com/EBchecked/topic/478591/prolamin), in 1924. Corn zein makes up
50% or more of the corn kernel proteins. It is distributed in the outer layer of corn
kernels as small, compact bodies embedded in the glutelin protein matrix (Padua
and Wang 2002). Because of its low solubility in water, it has a greasy and glossy
appearance. It was first commercialized in 1939 for the production of adhesives,
plastic films, coatings and fibre applications.

Zein is an aggregate of single polypeptide protein subunits, including a-zein
(23-27 kDa), p-zein (15 kDa), y-zein (27 kDa) and &-zein (10 kDa). Commercial
corn zein is 75-85% a-zein. This subunit is rich in non-polar amino acids, including
glutamine (21-26%), leucine (20%), proline (10%), alanine (10%) and phenylala-
nine (8%), but is deficient in basic and acidic amino acids (Table 8.2; Wilson 1988).
A higher proportion of non-polar amino acids in a-zein make it soluble in alcohols.
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B-Zein is rich in methionine (10%) and tyrosine (8%) and constitutes 10-15% of
the total corn zein. y-Zein is rich in proline (25%) and histidine (8%) and accounts
for 5-10% of the total corn zein. 8-Zein is rich in sulphur-containing amino acids
(methionine and cysteine) and constitutes less than 5% of the total zein protein
(Thompson and Larkins 1989; Shukla and Cheryan 2001). f-Zein, y-zein and
8-zein are soluble in aqueous alcohol and a reducing agent (Thompson and Larkins
1989) and are classified as glutelins, which are cereal storage proteins soluble in
dilute acid or base and not coagulated by heat (http://www.merriam-webster.com/
medical/glutelin).

8.4.2 Wheat Gluten

Wheat kernels contain 8-14% protein (Delcour et al. 2012). Wheat proteins
(Fig. 8.3) are classified into four groups on the basis of their solubilities and include
water-soluble albumins, salt-soluble globulins, alcohol-soluble gliadins and diluted
alkaline—/acid-soluble glutenins. Generally, wheat proteins are classified as

Wheat protein
Albumin Gliadin Glutenin Globulin
(water soluble) (alcohol soluble) (diluted alkali/acid soluble) (salt soluble)

v l

Gliadin Glutenin
(monomeric protein) (aggregative protein)
| w-gliadins || B-gliadins || y -gliadins || o -gliadins | LMW! HMW2
aggregative aggregative
subunits subunits

( J \ J

Y )
S-poor prolamins S-rich prolamins m y-type

Fig. 8.3 Classification of wheat protein. 'Lower molecular weight.’High molecular weight. S
sulphur
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glutens, comprising gliadins and glutenins, and non-glutens, comprising albumins
and globulins. Non-gluten wheat proteins generally constitute 15 to 20% of the total
wheat protein (Gupta et al. 1992). They are predominantly monomeric proteins with
molecular mass lower than 25 kDa. However, a significant proportion of the chains
exist as aggregated polymers with molecular mass between 60 and 70 kDa that are
stabilized by intermolecular disulphide bonds. The non-gluten wheat proteins have
metabolic (albumins) or structural (globulins) functions.

The addition of water to wheat flour followed by mixing results in the production
of a tough, rubbery, elastic substance called gluten. At a microscopic level, gluten is
a continuous network of strands composed of gliadin and glutenin proteins stabi-
lized by intermolecular disulphide bonds and non-covalent bonds such as hydrogen
bonds and hydrophobic interactions (Figs. 8.4, 8.5). The structure has important
viscoelastic properties that make it ideal for bread-making (Veraverbeke and

Fig. 8.4 Scanning electron
micrograph of wheat
gluten. (Source: http://
www.bakeinfo.co.nz/Facts/
Gluten)

Fig. 8.5 Schematic Um

representation of wheat ¢
gluten E‘?&

Gliadins Glutenins

Gluten
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Delcour 2002), including its high water absorption capacity (approximately twice
its weight), stickiness, extensibility and elasticity. To extract gluten, wheat flour is
mixed with water and washed extensively to remove the starch and other water-
soluble proteins. The remaining gluten mass is extruded, chopped and dried for
packaging. Industrial wheat gluten contains approximately 70-80% protein (33—
45% alcohol-soluble gliadin and 40-50% alkaline—/acid-soluble glutenin), 10-14%
polysaccharide, 6-8% lipid and 0.8—1.4% minerals. Both gliadin and glutenin are
rich in non-polar amino acids, proline and glutamine, and poor in polar amino acid
residues (Table 8.2), which contributes to their low solubility in water. Gliadins are
compact, globular and viscous in nature (Shewry et al. 1986; Veraverbeke and
Delcour 2002). They act as plasticizers in gluten and contribute to its gas retention
properties in bread dough.

8.4.3 Soy Protein

Soybean contains up to 50% protein in the dry seed. Soybean protein is a by-product
of the soybean oil industry (Rhim et al. 2000) and is available as soy flour, soy pro-
tein concentrates and soy protein isolates (SPI) containing 50-59%, 65-72% and
>90% protein, respectively. Globulins are the most abundant class of proteins in soy
protein isolates. Glutamic acid, aspartic acid, arginine, leucine, lysine and valine are
the major constituent amino acids in soy protein isolate profiles (Table 8.2). Soy
proteins are classified as 2S, 7S, 11S and 15S on the basis of their sedimentation
during ultracentrifugation (Fig. 8.6) (larger Svedberg (S) numbers indicate smaller
protein MW). They account for 22, 37, 31 and 1% of the total protein, respectively
(Wolf and Briggs 1956). 11S (glycinin) and 7S (pB-conglycinin) are the principal
proteins and account for approximately 70% of the total seed protein in soybean
(Thanh and Shibasaki 1976).

The 118 and 7S soy proteins are significantly different in their physical, chemi-
cal and functional properties (Wolf and Tamura 1968; Mori et al. 1981). For exam-
ple, the 11S protein precipitates faster and forms larger aggregates than 7S, and its
gels have a higher water-holding capacity than 7S gels. In addition, 11S proteins
have higher tensile values and higher hardness and expand more on heating than 7S
proteins. The 11S:78S ratio is therefore a predictive indicator of relative protein func-
tional properties (Kwanyuen et al. 1998).

8.4.4 Bean Protein

Dry beans including navy (Phaseolus vulgaris), pinto (Phaseolus vulgaris), lima
(Phaseolus lunatus), kidney (Phaseolus vulgaris), black (Phaseolus vulgaris),
white (Phaseolus vulgaris), red (Vigna angularis and Vigna umbellata), pink
(Phaseolus vulgaris), lentil (Lens culinaris, also known as Lens esculenta), black
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Fig. 8.6 1D SDS-polyacrylamide gel of seed storage proteins in selected soybean genotypes.
Regions containing 7S and 118 proteins are shown, and some specific protein bands are identified.
m molecular mass

eye (Vigna unguiculata), black gram (Vigna mungo), garden pea (Pisum sativum),
chickpea (Cicer arietinum), moth bean (Vigna aconitifolia), jack bean (Canavalia
ensiformis)and tepary bean (Phaseolus acutifolius) are important food sources in
many countries. Common dry bean (Phaseolus spp.) seeds contain 15 to 30% pro-
tein, on a dry weight basis (Sathe 2002; Yin et al. 2008). The major classes of pro-
teins in dry beans are water-soluble albumin and mildly alkali-soluble globulins.
There are also some minor proteins, such as enzyme inhibitors and lectins. Albumin
and globulin account for ~80% of the total storage protein with their molecular
masses ranging from 10 to 400 kDa. The quantities and ratios of albumins to globu-
lins depend on the species and variety of the dry bean. Generally, dry beans contain
10-30% albumins and 45—-70% globulins (Sathe 2002).
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Globulins are further grouped by their solubilities at different ionic strengths and
by sedimentation in ultracentrifugation. They are classified into vicilin/phaseolin
and legumin with coefficients of sedimentation of 7S and 11S, respectively
(Danielsson 1949). Both vicilin and legumin can also be distinguished by their
oligomeric organization and polypeptide structures. The 7S vicilin/phaseolin is a
glycoprotein of three single peptide chains with molecular mass of 50-75 kDa,
while 11S legumin is a hexameric protein linked by disulphide bond(s) between
acidic a- and basic f-subunits with molecular mass of ~40 and ~60 kDa, respectively.
Six polypeptides are linked together to constitute the legumin molecule with a
molecular mass of 320—400 kDa (Lawrence et al. 1990; Sathe 2002). The 7S protein
accounts for 50-55% of the total globulin protein content in dry beans on a dry
weight basis (Sathe 2002). There is an inverse relationship between 7S and 11S
concentrations (e.g. increase in the quantity of 7S causes a proportional decrease in
the amount of 11S and vice versa, so the net protein concentrations remain constant)
(Ogawa et al. 1989). Dry beans have small amounts of other storage proteins in addi-
tion to the globulins, including lectins (a tetrameric glycoprotein of 7S) or phytohae-
magglutinin with molecular masses of 27-37 kDa, arcelin (a 2S dimer glycoprotein)
with a molecular mass of 35—42 kDa, sulphur-rich protein (a 3S dimer glycoprotein)
with a molecular mass of 29-32 kDa and enzyme inhibitor proteins (Sathe 2002).

8.5 Protein Isolation and Purification from Plants

Often, the first step in producing bioproducts from proteins is isolating pure frac-
tions of proteins of interest from mixtures of several other macromolecules, includ-
ing polysaccharides, lipids and other proteins. However, there is no standard
procedure for isolating and purifying proteins from all sources (organisms) because
the proteins may vary from source to source in amino acid composition, sequence,
structure, size, shape, net charge, isoelectric point, solubility, heat stability, hydro-
phobicity, ligand/metal binding capacity and post-translational modification.

The level of purity, functionality and quantity of the protein required for a par-
ticular application will influence the approach used to purify it. For example, a few
micrograms for enzymatic kinetic studies to several kilograms for industrial and
pharmaceutical applications can be required. The highest quality and functionality
are required for medical uses compared to lower stringencies for proteins used to
manufacture commercial films, coatings, fibres and adhesives.

The first step in protein isolation is crushing/milling of the plant source to release
the protein from the biological matrix of cells. Generally, the desired protein is
released as a mixture with other macromolecules, including other proteins, polysac-
charides and lipids. The next step is to separate the targeted proteins from the mix-
ture of molecules through different procedures or a combination of more than one
procedure. Protein solubility plays a crucial role in protein isolation and purifica-
tion. Plant proteins including corn zein, wheat gluten, soy protein, bean protein,
peanut protein and cottonseed protein differ in their solubility properties. For
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Table 8.3 Protein isolation and purification process*

M. Arif and K. P. Pauls

Separation process

Basis of separation

1. Precipitation

Alkali (ammonium sulphate) Solubility

Acetone Solubility

Polyethyleneimine Charge, size

Isoelectric Solubility, pl (isoelectric point)

2. Phase partitioning

Polyethylene glycol

Solubility

3. Chromatography

Ton exchange (IEX)

Charge, charge distribution

Hydrophobic interaction (HIC)

Hydrophobicity

Reverse-phase HPLC

Hydrophobicity, size

Affinity

Ligand-binding site

DNA affinity

DNA-binding site

Lectin affinity

Carbohydrate content and type

Immobilized metal affinity IMAC)

Metal binding

Immunoaffinity (IAC)

Specific antigen site

Chromatofocussing

pl (isoelectric point)

Gel filtration/size exclusion (SEC)

Size, shape

4. Electrophoresis

Gel electrophoresis (PAGE)

Charge, size, shape

Isoelectric focussing (IEF)

pl (isoelectric point)

5. Centrifugation

Size, shape, density

6. Ultrafiltration

Size, shape

*Adapted from Burgess (2008)

example, corn zein is soluble in aqueous solution, soy and bean proteins in mild
alkali and wheat gluten in mild acid, mild alkali and aqueous ethanol solutions.

A good isolation procedure is simple, reproducible, specific, reliable and cost-
effective. Protein extraction procedures, based on their physicochemical properties,
are categorized into precipitation, phase partitioning, chromatographic, centrifuga-
tion and ultrafiltration procedures (Table 8.3).

8.5.1 Corn Zein Isolation

Commercial zein is a by-product of the corn milling industry. In corn wet-milling,
the fine slurry that remains after centrifugal extraction of starch from the endo-
sperm comprises a protein-rich mass called corn gluten meal from which zein is
extracted. Corn zein can also be extracted from dried distillers’ grains with solu-
bles, a by-product of corn ethanol manufacturing. The commercial method of zein
extraction was patented in 1970 by Carter and Reck (Fig. 8.7). Corn gluten meal is
solubilized with organic solvent such as isopropyl alcohol a few times to get highly
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140 g of 88% -IPA solvent
with 0.5% Sodium bisulfate +
and 0.25% NaOH

Extract 2h at 60 °C | Remove the
precipitant (CGM)

|

| Cool to 25°C |

|

| Cold precipitate at-18°C |

|

Spent Solvent

|

| Dissolve in 100g of 88-IPA |

|

—

a-Zein-rich solids

Fig. 8.7 Flow diagram for Carter and Reck (1977) zein extraction procedure. (Adopted from
Anderson and Lamsal (2011))

pure corn zein. Precipitation and centrifugation procedures are collectively used to
isolate corn zein for industrial applications.

8.5.2 Wheat Gluten Isolation

Commercial wheat gluten is the by-product of the wheat milling industry. After
centrifugal removal of most of the starch from wet-milled endosperm, the superna-
tant is a fine, protein-rich, slurry called wheat gluten meal, from which gluten is
extracted. The water-insoluble wheat glutens aggregate and form low-density but
larger-sized particles than starch. These properties of wheat gluten are utilized to
isolate and purify it from the starch. Several factors influence the commercial
production of wheat gluten, including the protein content in the raw material,
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_ + WATER (~0.9 - 1.0 part)

* Blend
» Pump at high velocity through
high-pressure homogenizer valve

| SHARED FLOUR- WATER MIXTURE (30-40°C) |

l * Dilute midly to ~30 g solids/100 g mixture

| SHARED FLOUR- WATER DISPERSION |

* « Centrifuge (3-phase decanter centrifuge)

v v v

STARCH PHASE PROTEIN-RICH PHASE SOLUBLES
« Screen * Add water
(remove fine fibres) » Mix (cutting action)
« Centrifuge » Screen

« Hydrocyclones

v ‘ ; v
PARTICLATE &

PROCESS WATER

Fig. 8.8 Flow diagram for high-pressure disintegration process on a sheared flour-water dispersion.
(Adopted from Sayaslan (2004))

starch-protein production ratio, handling of the processing effluent water, yield and
purity of gluten and the cost of production. A number of processes have also been
developed which use dry-milled flour as the raw material for these processes.
The separation of starch and gluten particles is the initial step in gluten isolation.
The extracted gluten granules are further water washed, aggregated, purified and
flash dried to yield about 80% proteins.

Extraction processes are typically named after the company or the person who
developed or patented the process. Industrially, four processes, including the
Martin, Raisio/Alfa-Laval, hydrocyclone and high-pressure disintegration pro-
cess, are the most popular to produce commercial wheat gluten (Sayaslan 2004).
High-pressure disintegration (Fig. 8.8) is the most recent process for starch and
gluten isolation from wheat flour. It was initially developed for potato starch
extraction and later modified for corn and wheat. Comparatively, this process is
the most efficient in terms of water consumption. It consumes 3—4 parts water per
part flour compared to 4-5 parts in the HC and 5-7 parts in the modified Martin
and Batter processes. This process separates the starch and gluten based on density.
Low-gluten flour, such as soft wheat flour, can be used as raw material.
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8.5.3 Soy Protein Isolation

Soy proteins are extracted from defatted soy flakes or meal derived from the soybean
processing industry. Soy protein concentrates are extracted with 60-80% aqueous
alcohol and soy protein isolates with aqueous mild alkali-extraction followed by
isoelectric precipitation (Cho et al. 2007). In brief, the defatted soy flakes or meal
are dispersed and moderately agitated in heated water at a ratio of between 1:10 and
1:20 and a pH of 7.5-9.0 for 45 min to 1 h. The mixture is centrifuged, and the pulp
and extract are collected. The pulp, which contains mostly starch, is rewashed in
water for maximum protein extraction. Extracts are filtered to remove any solids,
acidified, centrifuged or filter separated. The precipitated curd is collected and
washed with water, suspended in a minimum volume of water at neutralized pH and
spray-dried in powder form for commercial use (Fig. 8.9).

SOY FLACKS (1part) | + WATER (15 part)

» Adjust pH 9 with NaOH
« Stirrer at 55 °C for 45 min

| FLOUR- WATER MIXTURE (55 °C) |

l « Centrifuge at 4 °C for 30 min

| Collect the Supernatant |
v
v v
Collect the Supernatant |

* Adjust pH 4.5 .
- Stirrer at 25 °C for 45 min * Suspended in water
- Centrifuged at 4 °C for 15 Adjust temperature 25 °C

| Collect Precipitant |

« Washed with water (2 times)
« Centrifuged for 15

SOLUBLES, PARTICLATE &
PROCESS WATER

Fig. 8.9 Flow diagram of soy protein isolates extraction conventional procedure from defatted soy
flakes meal
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8.6 Closing Comments

Plant proteins are very diverse in nature in terms of their physiochemical and structural
properties. The combination of different amino acids can generate a huge number of
diverse secondary and tertiary structures. In addition, post-translational modifica-
tions increase the diversity of proteins. This variation lends them distinct functional
characteristics that can be leveraged for the production of a wide range of bioprod-
ucts. Major crops could be a source of plant proteins. Zein, gluten and globulin are
major proteins in corn, wheat and soybean, respectively.
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