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CHAPTER |

INTRODUCTION

Flours milled from different wheat cultivars can vary widely in work input
required for optimum dough development. The fundamental reason for this is not fully
understood. It is believed that inter-protein inieractions are involved in the observed
differences among cultivars (Bushuk, 1998).

Knowledge of basic biochemical properties of cercal proteins is valuable in many
ways. The ability to differentiate cultivars 1s important during breeding, marketing,
utilization, and research. Generally, this differentiation is highly relevant for quality
prediction and for identification of specific cultivars. It is well established that protein
amount alone is not sufficient to provide such information due to its heterogeneity and
complexity (Bean et al., 1998). Evidence of wheat protein's complexity is shown in its
imability to establish pure subfraction recovery during separation based on the Osbome
solubility method.

Physico-chemical characterization is used to predict end-use quality of wheat
flour. The focus of such methods is mainly (o correlate the amount of proteins with 1ts
composttion and other functional charactenistics. Wheat flour can contain between 6%
and 14% protein, most of which is in the form of gluten, a highly extensible polymertc
matenal when hydrated. Both the quantity and quality of gluten protein are key

indicators of wheat quality, especially in relation to bread making (Stauffer, 1998).



Gluten proteins are thought to be responsible for the gas retention properties of bread
dough duning baking. Thus, baking quality 1s determined largely by quantitative and
compositional differences in the proteins that make up the gluten. The unique propertics
of gluten are the main determinants of quahty variation among different wheat
cultivars (Dobraszczyk, 2001). However, the gluten matrix itself poses another
challenge. The events that occur when gluten proteins are hydrated and mixed are not
completely understood. The proteins are continually interacting with other flour
components, both soluble and insoluble, as well as additional ingredients in the dough
(Stauffer, 1998).

Thus, other methods may still be essential in providing a better understanding of
the wheat protein matrix of the dough. As suggested by studies of Weegel, er. al (1998),
these tests may predict the end-use guality of the flour. The suggested methods mclude
the following: gel electrophoresis, capillary electrophoresis, rheology, immunoassay

tests, mass spectroscopy and DNA analysis, to name a few.

SIGNIFICANCE OF THE STUDY

The overall acceptability of a baked product relies equally on its intrinsic and
extrinsic qualities. Bread volume, followed by grain charactenistics, crust formation, and
color are given full consideration 1n categorizing baking qualities. Prior to baking,
fundamental and empirical methods are used to predict the baking performance.
Although very useful in predicting handling gualities (e.g. mixing time, water absorption,
and dough strength), such tests have disadvantages such as the need for Jarge sample

quantities and length of analysis.
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Gluten proteins govern most of thc baking properties of wheat. Fractionation of
gluten produces gliadm and glutenin. Gliadin 35 believed to contribute pnmarily to
viscosity and extensibility (Gianibelli er al., 2001). Glutenin, on the other hand, has a
substantial influence on baking strength. Thus, more emphasts on breadmaking qualities
is given to the glutemin fraction. Glutenin is further classified as high molecular weight
glutenin subunits (HMW-GS) and low molecular weight gluterun subunits (LMW-GS).

Cereal scientists have proposed means to predict baking qualities by consolidating
rapid test methods. Common physico-chemical analyses include the use of reverse phase
high performance liquid chromatography (RP-HPLC), sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), capillary zone electrophoresis (CZE)
and rheometry. These analyses have been correlated to breadmaking qualities based on
comparisons of the hydrophobic nature, molecular weight distribation, net surface charge
and viscoelastic properties of wheat glutenins. Presently, these tests are consolidated to
derive more meaningful aspects of defining wheat quality.

Separation of glutenin based on hydrophobicity was exemplified by studies of
Burnouf and Bietz (1984). The RP-HPLC revealed distinct molecular weight
distributions of glutenin fractions in accordance with the level of organic solvent.

CZE, on the other hand, has the potential to characterize the charge to size ratio.
Another application of capillary electrophoresis, one which may best benefit the
characterization of cereal proteins, is detenmining the binding constants using affinity
capillary electrophotesis. Connors (1987) and Hulme (1992) expressed the importance of
the binding interactions of ligand to receptor proteins particularly in chemistry,

biochemustry, and molecular medicine. Measurements of the binding stoichiometries and



equilibrium constants are equally valuable. Results obtained from these analyses provide
insight mto the mechanism and specificity of interactions at the molecular level. The
principle 1s that there is a change in the electrophoretic mobility of a receptor protein
upon binding to a charged ligand present in the electrophoresis buffer mainly due to
changes in charge to size ratio. The binding constants reflect inherent intermolecular
interactions in quantitative terms (Chu et al., 1994).

Davila-El Rassi ef al. (2003) reported qualitative molecular association of
glutenins and maltodextrin using CZLE. The hypothesis was that the maltodextrin, a
neutral polymer, would form a complex with glutenins. Such a complexation was
assumed to reduce the clectrophoretic mobility of glutenins due to changes in charge to
size ratios. ‘The glutemn (ractions were highly heterogeneous and the mobility curves did
not exhibit the usual rectangular hyperbolic forms of 1:1 binding isotherms.

Dynamic changes in molecular configuration of subsets of polypeptides in
glutenin can result in modification of its physical properties. Hence, undcrstanding a
model starch-protein gel system by means of fundamental dynamic rheology can assess

the viscoelastic hehavior of individual or groups of glutenin subfractions.



OBJECTIVES OF THE STUDY

The objectives of this study were:
1. To characterize two hard red winter wheat cultivars based on hydrophobicity,
nmolecular weight distribution, and net surface charge of the reduced soluble glutenin
fractions using RP-HPLC, SDS-PAGE and CZE.
2. To determine the binding constants between maltodexirin with average molecular
welght of 2,000 and reduced soluble glutenin fractions from RP-HPLC using affinity
capillary electrophoresis (ACE).
3. To investigate the fundamental viscoelastic properties of soluble glutenin fractions in
the presence of starch treated with a heat and reduction-oxidation systems.

For the percent peak areas, binding constants and rheological properties (G, G”
and tan delta) of the glutenin subfractions, contrast analyses were conducted to detect
whether (a) there were significant differences between the enriched HMW-GS and

LMW-GS within each caltivar and (b) the differences between the enriched HMW-GS

and LM W-GS subfractions were significant upon comparing the two cultivars.



CHAPTER IT

REVIEW OF LITERATURE

MOLECULAR INTERACTIONS IN THE DOUGH

Dough is a dynamic system atiributed to the covalent and non-covalent bonds
resulting primarily from glucosidic bonds of starch and intermolecular disulfide bonds of
storage proteins. The of1-4) bond, which forms the backbone of the starch molecules, 1s
susceptible to hydrolysis by o~ and fB-amylases. Some of these of1-4) bonds are
continuously being broken down during mixing to produce fermentable sugars until the
amylases are mactivated during baking. The disulfide bonds play a key role in forming
strong cross-links among polypeptide chains and stabilize the hydrophobic and hydrogen
bonds (Bushuk, 1998).

The thiol groups may affect the disulfide bonds in two ways: (a) by oxidation,
new disulfide bonds may be formed; and (b) interchange reaction may occur between S-S
bonds and thiol groups, causing a dynamic change in the distribution of disulfidc linkages
(Bloksma, 1980). On the contrary, reduction of disulfide bonds causes an increase of
sulfhydryl (SH) groups. Oxidation strongly affects the rheological properties of dough
since 1t removes thiol groups and forms new disulfide bonds.  Lasziily (1995)
contradicted this and suggested that the quantity of oxidizing agents used for improving
the rheological properties of dough is very small and the precondition for the formation

of new disulfide bonds is sterically favorable for the postioning of two thio] groups.

6



Therefore, the quantity of the newly formed S-S bonds may be extraordinarily small.
Moreover, certain polymeric storage proteins of wheat respounsible for the disulfide
interchanges, are the main determminants of the dough functional properties (Bekes et al.
1994).

Bloksma and Bushuk (1988) proposed a hypothetical re-orientation of protein
chains in dough under the influence of mixing stress through disulfide interchange
interaction. In dough development, sulfhydryl groups, along with rheologically effective
disulfide bonds, facilitate the alignment of protcin chains by mixing to fopm a structurc
optimal for a particular baking process. The authors suggested that this hypothesis
should not be overemphasized due to the complexity of the interactions in the dough.

Non-covalent bonds also occur in thc dough system. According to studies
conducted by Wehrli and Pomeranz (1969), the overall effect of ions ts promotion of the
association of dough components resulting in increased dough ngidily and reduced dough
extensibility.  Other bonds among polypeptide chains include hydrogen bonds, van der
Waals and hydrophobic bonds. These categories of molecular interactions arc present in
large numbers, however, such nteractions are not given extensive consideration because
of their presumed weaker significance to the dough formation compared to disulifide

bonds.

GLUTEN PROTEIN

The target for wheat studies or protein-protein interactions is gluten, which is
known as the viscoelastic mass that gives wheat dough its unique properties (Wrigley et

al.,, 1998). The fractionation of the cereal proteins based on solubility has retamed its



importance to the present time. It gives relatively reproducible results that provide some
information about the proteins. However, the fractions obtained are mixtures of different
proteins. Each group have subgroups, none of the groups consist of a single protein

(Lasztity, 1996).

(GLIADINS

Osborne classification (Osborne, 1907) described gliadins as the fraction of gluten
soluble in 70% ethanol. Woychik et al. (1961) stated that approximately 50% of storage
proteins found in wheat are gliadins. Gliadins are further subdivided into w-, -, -, and
a-gliadins based on their mobility detected 1n acid polyacrylamide gel electrophorests
(Shewry and Tatham, 1990, and Metcham et a/, 1978). Based on molecular weight
distribution, the w-ghadins are sulfur poor monomers with molecular weight ranging
from 60,000 - 80,000 Da, while ¥-, #-, and «a-ghadins are apparently the sulfur rich
polypeptides with about 40,000 to 80,000 Da.

The w-gliadins have virtually no sulfur-containing amino acids and are hmited to
non-covalent interactions in the dough. The vy-, 8-, and o-gliadins, which has a capacity
intrachain disulfide bonds, are restricted in the involvement of disulfide linkages
(Wrigley er al., 1998). The 7- and o-gliadins have eight and six cysteine residues,
respectively. There are no free cysteines, and all S-S linkages are intramolecular,
preventing gliadins from participating in the polymeric structure of glutenin (Gianibelly er
al., 2001). This reduces their capacity to take part in the formation of gluten polymers.
However, the S-S bonds are critical in retaining the folding structure that determines the

nature of non-covalent bonding (Wrnigley et al., 1998).



Concentrated solutions of ghadins arec highly viscous with little measurable
elasticity (Stauffer, 1998). Hydrophobic gliadins (y-ghadins) were found to increase the
.oaf volume, while w-gliadins decreased this bread property. (Wcegels ¢f al.. 1990, van
Lonkhuijsen ef. al., 1992).

Bietz, et. al. (1973) showed that gliadin molecules are small, more globular and
symmetrical and have reduced surface area. Thus, these proteins have fewer tendencies
than glutenins to 1nteract with other proteins. Excessive ghadins in a dough would cause

1t to be too extensible to yield a good finished product.

GLUTENINS

Previous studies on wheat proteins, particularly the gluten matrix, were generally
focused on the giant molecule hypothesis. Later, stronger cvidence was shown by Ewart
(1977) that the gluten structurc is duc to the long, linear glutenin polymers. More
expertmental evidence has indicated that most interchain junctions between glutenin
subunits consist of a single disulfide bond (Ewart 1988) leading to a general hypothesis
that aggregated glutenin 1s a series of linear molecules. This linear structure, largely
consisted of HMW glutenin subunits with LMW branching from the polymer, was also

formed by disulfide bonds (Graveland ef al., 1985).

Two major subgroups comprise glutenin fractions and this classification is based
on their molecular weight distnbution. According (o Staufter (1998), HMW-GS is from
80-120 kDa, while LMW-GS from 40-55 kDa. The approximate molar ratio of HMW

and LMW is 2:1 or higher but these arc ronghly equal on weight basis.



The LMW-GS has sulfhydryl groups that can form both intrachain and with other
glutenin subunits in aggregated glutenmin (Wrigley er al, 1998). In HMW-GS, the
cysteine groups are near each end of the chaip and with a long stretch of other amino
acids between these two ends. These were postulated o form spirals, which can
apparently tumn and fold hike a coil spring. LMW subunits have similar concentration of
cysteine residue as HMW-GS, but anly at the C terminal. (Panozzo et al., 1994).
Compared to the LMW-GS, HMW-GS have abilities to polymerize on both ends
(Wnigley er al., 1998). However, upon application of work, such intramolecular disulfide
bonds can also restrain springing during dough development and most likely break down

during this process (Stauffer, 1998).

Within the context of improving protein quality by wheat brecding, c.g.
appropriale extensibility and dough strength, research has shown sirong evidence of the
mmportance of HMW-GS (Gupta and MacRitchie 1991; Popincau et al., 1994). Such
studies stressed the importance of glutemn and gave it more weight in terms of its
influence to the overall functionality in the bread making process. A strong relationship
has been established between dough strength and baking quality and the average
molecular size or the distribution of the polymeric glutenin protein contents (Dachkevitch
and Autran, 1989). HMW-GS have been found to coniribute to extensibility and dough

strength (Gupta and MacRitchie 1991; Popineau et al. 1994).

Isolated glutenin, when rehydrated, forms an elastic, rubbery mass that has almost
no viscous flow charactenstics (Stauffer, 1998). Jones et «l., (1974) postulated that only
3% of the bonds in flour affect the rate of dough development, and about 1279 of thcse

bonds are involved in resistance during mixing. Glutenins are large linear polymers and

10



interaction between glutemin chains in dough also occurred through non-covalent forces.
namcly hydrogen and hydrophobic bonds (Ewart, 1977).

Similar disulfide bonding has been demonstrated (o accompany heat-induced
damage during the comimercjal drying of wei gluten {Weegels er al, 1994). The
cxposure ol hydrophobic groups of thc glutenin fraction caused aggrcgation and
irreversible conformational changes. The weakening of the dough associated with
disulfide bonds rupture is accompanied by a decrease in molecular weight distribution

(Bekes et al.. 1994).

GLUTENIN CHARACTERIZATION

Physico-chemical techniques used in analyzing glutemins practically give more
evidence of its complexity. Thus, it would be best to correlate such propertics to the
varietal differcnces of cultivars, which would exhibit good baking propcrtics and solve
other problems connected with production of wheat (Lasztity, 1995).

Lasztity (1995) has shown that different subumits differ in their tendency to
polymerize, and once polymenzed, have differcnt capacities for interactions with other
constituents. Thus, the mechanism and control of disulfide bond formation makes

handling of wheat proteins more challenging.

HYDROPROBIC CHARACT)RISTICS AND MOLECULAR WEIGHT DISTRIBUTION

One of the most powerfu) technigues in analyzing glutenia is RP-HPJ.C. The

mechanism of separalion involves a nonpolar and hydrophobic stationary phase with a

11



polar imtial mobile phase. Analytes, therefore, elute in the order of increasing
hydrophobicity or decrcasing net charge, degree of lonization and ability to participate in
hydrogen bonding (Cunico et al., 1998). Combined with high resojution and
technological innovation, RP-HPLC has become one of the most widely utilized method
In optimizing separation and characterization of giutenin fractions. Most chromatograms
obtained by researchers showed an overlap between the LMW-GS and hydrophobic
gliadins (Payne ef al. 1981 and Moonen et «l., 1985). Kruger ¢f al., (1988) found a
correlation between the proportion of HMW-GS versus LMW-GS and dough strength
using peak area on chromatograms. Certain peaks of interest in RP-HPLC identified by
SDS-PAGE were uscd to determine the HMW-GS to . MW-GS ratio. A higher ratio
value was directly relatcd 10 dough strength. Although a potentially useful technique, the
ratio of glutenins based on molecular weight has limitations since relative amounts of
HMW polypeptides werc not directly related to the breadmaking quality (Marchylo ef al.,
1989).

Bumouf and Bietz (1984) indicated that reduced and alkylated storage proteins
eluicd during RP-HPLC in the order of: w-gliadins, HMW glutenin subunits, LMW (-
and $-) ghiadins, LMW ethanol soluble glutenin subunits and +-gliadins. Reduced but
unalkylated proteins behave sinilarly but generally are more hydrophobic, eluting later in
the HPLC chromatograms. It is best 10 have a reflevence sample because glutenin
chromatograms may contain overlapping residual gliadins (Payne and Lawrence, 1983).

Using different stacking gel concentrations of SDS polyacrylamide gel, Khan and
Huckle, (1992), and Wrnigley er al. (1993) were able to demonstrate improved direct

analysis of ynolecular weight distribution of glutenin. Bushuk er. «l. (1980) provided a



schematic presentation. postulating that glutenins are composed of two types of
molecules: (1) subunits of 68,000 molecular weight and lower named glutentn I and (2)
glutenin IT composed of subunits with greater than 68,000 molecular weight and that are
joined to each other through at least one intersubunit disulfide bond. Presently, there are
four classifications as specified m the literature, the A-, B-, C- and D- regions based on
SDS-PAGE. A-region (80-120 kDa) 1s HMW-GS (Payne and Corfield, 1979), B-region
(42-51 kDa) and C-region (30-40 kDa) are low molecular weight glutemin subunits
supposedly to y- and « gliadins (Payne ¢f a/., 1985; Thompson et al. 1994) and D-region
contains the highly acidic polypeptides believed to be related to w-gliadins (Masci et. al.,

1993).

AMINO ACID CONTENT AND GENETIC STUDIES

The amino acid sequence of the glutenins consists of three separate domains: N-
terminal non-repetitive, central repetitive and C-terminal non-repetitive domains.
Cysteine residues are mainly located in the terminal domains. The central repetitive
domain, consisting of tandem or interspersed repeats based on the peptide motifs rich in
proline and glutamine residues, can undergo deformation or reformation under stress or
relaxation (Tamés ef al , 2002).

In a growing polymer system, the glutenins need at least two cysteine residues.
The HMW-GS and LMW-GS have even number of cysteine residues and therefore
considered as chain propagators or chain extenders (ChE) (Kasadra, 1989; Shewry ef al.,
1989). However, modified ghadin subunits ar¢ incorporated into the glutenin
polypeptide which contained an odd number of cysteine residues (e.g. w-gliadins). These

are modttied subuniis since normmal gliadins usually have an even number of cysteine



residues or none at all. These subunits arc classificd as chain terminators (ChT) which
behave as glutenin subunits but slift the molecular weight distribution of the isolated
glutenins to lower values (Gianibelli ef al, 1996, Masci er al., 1999). A novel polysmeric
protein identified by Gianibelli e al. (2002) was classificd as w-ghadins (71,000 Da) and
a ChT. The authors proposcd that there may be more than one chain terminator in a
certain glutenmn sequence and were speculated to be in the LMW-GS.

The HMW-GS are encoded at the Glu-/ loci on the long arms of group |
chromosomes (1A, 1B and 1D). These loci are Glu-Al, Glu-B1 and Glu-DI(Payne ¢t al.,
1984 and 1987). Each locus includes two genes linked together encoding two different
typcs of HMW-GS: x- and y-type subumis (Payne, 1987 and Shewry et at, 1992). The
HMW-GS have lugh content of glutamic acid, proline and glycine. However, they have
low content of lysine. The amino acid composition of HMW-GS indicates the
hydrophilic nature of the central repctitive domain and hydrophobic characteristics of the
N- and C- terminals (Shewry ez al.. 1989).

The LMW-GS are controlled by genes at Glu-A3, Glu-B3 and Glu-D3 laci on the
short arms of the chromosome 1AS, 1BS and 1DS, respectively (Gianibelli et al., 2002).
It is assumed that the genes that contro) the LMW-GS are closely linked and shnilar to
those controlling the ghadin blocks (Gupta and Shepherd 1990a,b; L.agudah et o/, 1991).
Seven main types of LMW-GS were identified by N-terminal sequences of the proteins
according to the first amino acid present In this region. Three of thesc LMW-GS were
identified with N-terminal sequences similar to those of o, y- and w-type gliadins while
another three were reported to have an odd number of cysteine residues, allowing

intermolecular disulfide bonds in the gluten protein (Kasadra, 1989).



NET SURFACE CHARGE

Capillary Electrophoresis (CE) combines the high resolution of electrophoresis
with the automation and case of use of HPLC, thus giving a high resolulion and rapid
separations of proteins (Bean and Lookhart, 1998). Similar to gel electrophoresis, the
separation of species depends upon differential migration in an electric field. Unlike the
gel electrophoresis, capillary electrophoresis is performed using a free solution and
shorter analysis ime. Its resemblance to HPLC is evident in the use of concentration
sensifive detectors and the presentation of data 1s in the form of peaks, which can be
rcadily quantitated (Cunico et al., 1998).

Capillary zone electrophoresis (CZE) 1s performed under the influence of an
electric field. Charged specics travel 1nside the fused suica capillary. Tn this case,
migration time of thc species is determined by a combination of its clcctrophoretic
mobility and the velocity of the clectro-osmotic flow (EOF) (Baker, 1995). Ncutral
compounds are not separaicd, whereas 10ons are separated on the basis of their charge to
size ratios (Baker, 1995). The greater the charge to size ratio, the faster the
electrophoretic mobility and for a given applied electric field and buffer, the higher the
velocity. Smal) highly charged molecules move through the capillary the fastest and
large molecules with lower charge move slower. Electrophoretic velocity, however, is
dependent only on mobility and electric field, while electrophoretic mobility is dependent
on solute and buffer properties and 1s independent of the applied electric field (Baker,

1995).



Several repornts of excellent separation involve the usc of different buffers on free
zone capillary electrophoresis (FZCE). Lookhart and Bean, (1995), among others, have
devised a 100mM  phosphate buffer contaming a polymeric additive,

hydroxymethylpropyl ccllulose, which can differentiate closcly related wheat cultivass.

VISCOELASTIC BEHAVIOR

Viscoelasticity 1s the ability of materials to exhibit both viscous (flow) and solid
{ike elastic behavior, depending on conditions such as temperature, time and deformation
applied. A viscoelastic material can flow 1f deformed over a long period of time or at
elevated temperature but may behave as rigid, brittle matenal, if deformed very quickly
or at low temperature. The gliadins are viscous and extensible molecules. Doughs made
from gliadins alone behave like a highly viscous liquid with little resislance to
deformation (elasticity). Consequently, during the process of baking a dough, more gas
bubblcs will form but these will not remain entrapped for a very long time. A dough
containing only glutenin lacks extensibility but exhibits substantial strength and
elasticity. Gas will be retained longer but the dough will not expand. Glutenins are the
wheat proteins which exhibits viscoelasticity, whereas suspensions of gliadins form
viscous liguwids. Thercfore, dough viscoclasticity and development is partially explained
by the glutenin network formed (Dobraszczyk et al., 2001).

Physical and chemical properties of the flour or dough primarily affect its
rheological behavior. In a flour system, the application of mechanical work causes the
formation of crosslinking and discuption of bonds simultancously to form a dough. As

mentioned earlier, the viscoelastic properties are believed to be due 1o the gluten matrix
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and macromolecular mteractions of dough components such as starch, lipids. sugars and
pentosans. These interactions may change the resistance of the dough to deformation.

In food systcms, rheometry is characterized as either descriptive or empirical and
tundamental approach. One of the pnmary considerations in using the empirical
approach in rtheometry is practicality (Boume, 1982). However, in some cases, there is a
greater need for physical or rheological properties. thus, a more sensitive means of
analysis are applicable (Weipert, 1992; Boume, 1982). The challenge for the present
study is to express the viscoelastic properties of glutenin subfractions in the form of a gel.

The rheometer has the advantage of a well developed theoretical background,
readily available instrumentation and simultaneous measurement of elastic and viscous
modult. Most importantly, 1ts nondestructive nature of the test enables multiple
measurements to be performed while temperature, strain, or frequency js varied (Ferry,
1980). Using a rheometer, it is possible to extrapolate dynamic oscillation measurements
over a much wider range of frequencies using the time-temperature superposition
principle (Tstami ef «l. 1997). This means that time of frequency and temperature are
interdependent. If the ime 1o deform the polymeric material is short (high frequency),
the polymer molecules have Iittle time to adjust to the imposed deformation, and the
matenial is interpreted as stiff and apparently solid-like or has an elastic behavior. If the
deformation occurs over Jong time (low frequency), the polymer molcculcs have time to
flow, and the matenial 1s recognized as less stiff and a fluid-like or viscous behavior.
Temperature has an equivalent effect to time by changing the speed at which the polymer
molecule responds: low temperature decreases the molecular maobility and 1s equivalent

to increasing frequency or decreasing time. Therefore, the elastic zone is extended into



the lower frequency region. By conducting rheological measurements over a fixed range
of frequency at a series of temperatures, it 1s possible to cxtend the frequency range by
several orders of magnitude to much lower frequencics relevant to baking expansion
(Dendy and Dobraszezyk, 2001).

Conventional oscillatory shear rheological tests usually [unction in the linear
region at small strains ju the order of up to 1%, whereas stran tn gas cell cxpansion
dunng proofing is over 100%. Most rheological tests are carried out in shear, whereas
most large-strain deformations in dough (sheeting, proofing, baking) are extensional in
nature (Dendy and Dobraszezyk, 2001). Polymer melt fluid dynamics show that very
different results are possible in shear than in extension because of the different physical
effects these dcformations can have on petworks of molecules (Cogswell, 1981,

Padmanabhan, 1995).



CHAPTER III
DETERMINATION OF THE PHYSICO-CHEMICAL PROPERTIES OF GLUTENIN FROM

WHEA I CULTIVARS OF CONTRASTING BAKING QUALITY

ABSTRACT

It is widely accepted that the proteins that forr the gluten matnix are responsible
for most of the bread making qualities of wheat flour. Among the wheat storage protcins,
the glutenins have been correlated to most of the functional breadmaking characteristics.

The objective of this study was to characterize selected physico-chemical
properties of the reduced and soluble glutemn subfractions of hard red winter wheat
Jagger and Big Dawg ¢v. Wheat samples were analyzed for protein content, extraction
rate and empirical rheological propertics as measured by an alveograph. Extraction of the
glutenm was based on a modified method of Lookhart and Bean (1993) and Bean and
Lookhart (1998). The physico-chemical properties of the soluble and reduced glutenin
extracts were analyzed with semi-preparative RP-HPLC, SDS-PAGE and FZCE.

Seven subfractions were identified from semi-preparative RP-HPLC 10 be
enriched with glutenin subunits and some residual gliadins. Glutenin subfractions 2, 3
and 4 were enriched with high molecular weight glutenin-subunits, IMW-GS, (92,000 to
146,000 molecular weight) and subfractions 1 and 5 to 7 werce enrichied with low
molccular weight glutenin-subunits, LMW-GS (72,000 to 84,000). LMW-GS enriched

subfractions which eluted with 35-45% acetomitrile, were more hydrophobic. except for
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subfraction 1 which was hydrophilic and enriched with LMW-GS. Although varying
hydrophobic nature, the glutenin subfractions contain some subunits with similar
molecular weight and FCZE maps with pcaks of similar charge to size ratic.

Strong aggregative tendencies were observed in more hydrophobic subfractions
which were enriched with LMW-GS. Subfraction 1 was assumed to contain w-gliadin
due (o the apparent highly negative net surface charge in FZCE and their low molecular
weights from 44,000 to 82,000.

The differences found in percent peak areas of senu-preparative HPLC between
enriched HMW-GS and LMW-GS, in fagger and Big Dawg, were attributed to the
differcnces in composition and quantity of extractable glutenin components. These
observations were found in Jagger enriched HMW-GS subfractions, wherein these were
1.2x as large as Big Dawg enriched HMW-GS subfractions. In additon, more separated
peaks in the more hydrophobic region werc evident in Big Dawg crude extract than in

Jagger.

INTRODUCTION

The prospect of understanding the role of glutenin subunjts has grown
consistently due to the strong indication of their importance to overall baking quality. A
positive correlation between dough sirength and the proportion of large-size glutenin has
been reported (Weegels, et. al, 1996; Southan and MacRitchie, 1999). Thus, better
understanding of bread making quahties can be generated by further characterizing the
glutenin. Presently, there 1s no sufficient evidence to show that diffcrentiation based on

the physico-chemical properties of glutenins can differentiate fine differcnces in the
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functionality of flour. In this study, hard red winter wheat Jagger and Big Dawg cv. were
analyzed.

Jagger was developed coopcratively by the Kansas Agricultural Experiment
Statton and the Agricultura) Rescarch Service, USDA. The cultivar was released by Dr.
J. M. Moffatt in 1984 and the foundation seed was distributed in Kansas by 1994 (Sears et
al., 1995). Jagger is classified as a strong blending wheat. Jagger flour is generally
blended with weak flours to obtain desirable baking quality. It was reported as wheat of
exceptional quality, based on the properties like large kernels, high protein content, good
mjlling and bread-making performance. Big Dawg is a cultivar released by AgriPro from
Junction City, KS. Tt is considered as wheat of acceptable quality, with acceptable
milling and bread-baking attributes but not outstanding 1n all properties (Bennett er al.,
2002).

Jagger ts the most popular wheat cultivay grown in Oklahoma and Kansas. The
percent seeded acreage from 1999 to 2003 in Oklahoma ranged from 29.5-46.1% and 0.2-
0.6%, for Jagger and Big Dawg respectively (National Agricultural Statistics Service,
2003). In Kansas, for the same number of years as Oklahoma, the percent seeded acres
were 29.2-45.2% and 0.2-0.5% for Jagger and Big Dawg, respectively (Anonymous,
2003).

The ann of this study was to characterize the phystco-chemical properties of the
reduced and soluble gluterun subfractions from wheat flours of different haking qualities.
The molecular weight distribution and net surface charge of glutenin subfractions from

Jagger and Big Dawg, separated according to surface hydrophobicity, were compared.



MATERIALS AND METHODS

CHIFMICALS

Dithiothreitol (DTT). glycine, potassium iodate (KIO:). and sodiumi dodecyl
sulfate (SDS) were purchased from Fisher Scientific (Fairlawn, NJ). The glactal acetic
acid, n-propanol and methanol were from Pharmco Science (Brookficld, CT).
Acetonitrile (EM Science, Gibbstown, NJ) and Trifluoroacetic acid (TFA), (Sigma
Aldrich, Milwaukee, WI) were both HPLC grade. Sodium hydroxide (NaOH) was
purchased from Malinckrodt Chemical Inc. (Paris, Kentucky), while the phosphoric acid
came from Spectrum (New Brunswick, NJ). A bicinchoninic acid protein assay kit
(Sigma Chemicat Co., St. Louis, MO) was intended for total protein dctermination.
Chemicals for the preparation of polyacrylamide gels were obtained from Sigma
Chenncal Co. (St. Lows, M()). Nanopure water was acquired from a milhQ water

purification system (Millipore, Milford, MA).

FLOUR SAMPLES AND ALVEOGRAPH ANALYSIS

Two hard red winter wheat cultivars with differences in baking qualities wete
used in this study. Jagger cv. was obtained from Oklahoma Seed Stock, Inc., Oklahoma
State University, Stillwater, OK, and Big Dawg cv. was from Phillips Seed Farm, Salina,
KS. Both were milled with a Brabender Quadrumat Sr. Mill and the flours obtained were
sifted using a nominal sicve opening of 0.149 mm. Moisture and protein content were

determined with a NIR FOSS Model 6500 (Silver Spring, MD). The baking strength

o
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(W), tenacity (P) and extensibility (L) were analyzed using three rephcates by a constant

hydration method from an Alveograph (CHOPIN, Cedex, France).

GLUTENIN EXTRACTION

Glutemin fractionations were performed using a revised method based on
Lookhart and Bean (1995) and Bean and Lookhart (1998). A slurry of 50 g flour and
25% (w/v) nanopure waicr was mixed for § niin in a Vortex Genie 2, speed #4. The
supernatant obtained by centrifugation (Sorvall RC 5C, Newtown, CT) at 385xg, 5 min
and 4°C, was discarded since it contained albumins, globulins and soluble carbohydrates.
This procedure was repeated three times and the residual pellet was treated with 200 ml
50% n-propanol. The same mixing, centrifugation, and volume ratio parameters were
again applied. The supematant containing gliadin fractions was collected and s(ored at
-20°C. This process was repeated once and the supernatants pooled. The residual pellet
containing glutening was treated with 200 ml 50% n-propanol containing 1% DTT and
mixed for 45 mwmin.  After centnfugation (385xg, 5 min, 4°C), the supematant was
collected and enrichment of glutenins followed after treatment with 50 m| n-propanol
containing 1% DTT. The suspension was mixed for 1 h and stored at 4°C for 72 h. Tlhe
enriched glutenin fraction was collected after cenirifugation (1951xg, 5 min. 4 °C) and

freeze dried, pulverized, and stored at -20°C,

REVERSE PHASE-HI1GH PERFORMANC L LIQUID CHROMATOGRAPHY

HPLC analyses were performed using a Waters 2695 Separations Module
equipped with Waters 996 Photodiode Array Detector and Gilson FC 203B Fraction

Collector. A 10 mg glutenin sample was solubilized using | ml 50% n-propanol (v/v)



contaimng 1% DIT (w/v). Sonication for 45 min was used to solubilize the protems.
After spinning at 3,000 rpm (735xg) for 5 mm in an Eppendor{ microcentrifuge, the
supernatant was filtered with 0.25 um Titan membrane and injected mto a 250 x 4.6 mm
Vydac C18 Protein and Peptide column (The Nest Group, MA). The mobile phases (1.0
ml/min flowrate) were water and acetonitrile, with both solvents containing 0.06% TFA
(v/v). The gradient was comprised of (a) 30% acetonitrile (ACN), 5 min; (b) 35% ACN,
10 min; (¢) 50% ACN, 15 nun; and (d) 80% ACN to wash the column.

Semi-preparative (ractionation was done i1 a Waters Delta 600 HPLC system
equipped with a Waters 2487 Dual Absorbance Detector and Waters Fraction Collector
Il. The same sample preparation and gradient employed in analytical HPLC was
employed for semi-preparative RP-HPLC separation. A 250 x 10 mm Vydac C18 protein
and peptide column was used for the subfractionations. Samples were collected in
batches and drted using a Thermosavant speed vacuum with maximum vacuum pressure
of 5 torr. Dried samples were then stored at -20°C and used again for another collection
cycle. The total protein content was determined using a bicinchoninic acid protein assay

xit from Sigma.

GEL ELECTROPHORESIS

A 15% polyacrylamide resolving gel was used to estimate the molecular weight
distribution of glutenin subfractions. Treeze dried samples were solubilized in a reducing
buffer contaimng 26% 1 M Tns-HCI, 5% SDS, 1% bromophenol blue in 0.1 N NaOH,
1% DTT, and 42% glycerol. The tank buffer consisted of 0.3% Tris, 1.44% glycine, and
0.05% SDS. The gels were stained with Bio-Rad Silver Stain Plus (Catalog Number 161-

0449). A 5% acetic acid was used as a stopping solution.



FREE ZONE CAPILLARY ELECTROPHORESIS

The net surface charge of the reduced and soluble glutenin fractions was
determined on a Beckman P/ACE 2000 (San Ramon, CA) using a 27 cm fused-silica
capillary (20 cm to the detector, 50 um 1.d.) from Polymicro Technologies Inc. (Phaenix,
AZ).

A 10 mg dued glutenin subfractton was resuspended in 1 ml 50% n-propanol
contaiming 1% DTT. The column was rinsed for 1 min and at 20 pst pressure with 0.1 N
NaOH and 0.5 M acetic acid consecutively. A nanopure water rinse preceded each
solvent rinsing. The column was saturated with the running buffer containing 100 mM
phosphate (pH 2.4), 20% (v/v) ACN, 04% (w/v) glycine and 0.05% (w/v)
hiydroxymethylpropylcellulose.  An electric field of 15 kV was applied after a 5 sec
injection of the sample. Three different extractions for each cultivar were used as

replicates for the analyses.

STATISTICAL ANALYSIS

Statistical Analysis Software (SAS) version 8.1 was used to determine significant
differences in the percent peak area of the glutenin fractionated by semi-preparative RP-
HPLC. A one-way treatment structure and an additional nested factor of subfractions of
each cultivar were utifized. There were two different cultivars as treatment levels, seven
subfractions within a cultivar, and 14 replications per cultivar. Contrast statements were
defined, namely: (a) whether there was a significant difference between the mean percent

peak areas of the enriched HMW-GS (F2, F3 and F4) and LMW-GS (F1, F5, F6, and F7)
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subfractions and (b) whether the difference between Big Dawg and Jagger in percent

peak areas of the enriched HMW-GS and LMW-GS was significant.

RESULTS AND DISCUSSION

PHYSICAL PROPERTIES OF THi: WHEAT FLOUR

The average protein contents of Jagger and Big Dawg flours were 15.1% and
13.2% d.b., respectively (Table 1). The flour extraction recovery fiom Jagger was higher
(63.2%) than that from Big Dawg (58.2%). The average alveographic measurements
revealed that Jagger has higher values, namely 86 mm extensibility, 311 x 10™ J baking
strength, and an elasticity index of 72.9% as compared to Big Dawg cv. with 56 min, 247
x 10™ J, and 64.7%, respectively. However, the maximum pressure required to deform
the sample was higher in Big Dawg; 105 mm H,O, than in Jagger, 85 mm H,. For both
cultivars, the physical propertics obtained could be attributed to the compositional

differences in the gluten, in particular, the glutenin.

HYDROPHOBIC NATURE AND MOLECULAR WEIGHT DISTRIBUTION

Preliminary studies of RP-HPLC analytical scparation (Fig. 1) have revealed that
the less hydrophobic region within an elution time of 15 to 18 minutes (33% ACN) was
enriched with HMW-GS, while the more hydrophobic region, 21-26 minutes elution time
(35-45% ACN), was composed of enriched LMW-GS subfractions. A greater number of
peaks was observed in the Jageer crude glutenin extract than in the Big Dawg extract (10

and 8 peaks, respectively). The peak areas were different, particularly in the peaks



eluting at 17-19 min; Jagger contained two distinct peaks within this migration time
while Big Dawg had one large peak followed by a small residual. The more hydrophobic
peaks of Big Dawg (20-26 nmun) were more separated than those of Jagger at the same
retention ime.

Unlike the analytical RP-HPLC separation, which revealed multiple peaks in the
chromatogram (Fig. 1), both cultivars revealed seven glutenin subfractions with the same
retention time using semi-preparative RP-HPLC (Fig. 2). The chromatogram can be
further classified into three regions, namely hydrophilic (A), less hydrophobic (B) and
more hydrophobic (C) rcgions.

Figures 3, 4 and 5 show the molecular weight distribution of glutenin fractions in
SDS-PAGE. Region A (Fig. 3) comained subfraction F1 for both cultivars. JFI
contained polypeptides with prominent molecular weights of 72,000, 85,0000 and 92,000
while the major polypeptides of BF1 had 44,000, 72,000 and 85,000 molecular weights.
Both cultivars revealed a residual subunit of 18,000 molecular weight. BF]1 and JF1
might have albumins coeluting during glutenin extraction. Figure 4 shows the molecular
weight of Big Dawg subfractions 2 to 7. The less hydrophobic subfractions (BF2, BF3
and BF4) were enriched with HMW-GS. Thesc subfractions had low quantities of
proteins with molecular weights in the range of 104,000 to 146,000 but had a common
protein i BF2 and BF3 (146,000 molecular weight). This common subunit was more
prominent in BF3. Aside from containing low guantities of Typc A glutenin subunits,
BF4 was a mixture of glutenin subunits containing prominent molecular weights of
26,000, 64,000 and 84,000. The more hydrophobic Big Dawg subfractions (Bl5, BF6

and BFF7) were enriched with LMW-GS. BFS5 and BF6 subfractions contained proteins



with molecular weights of 94,000, 84,000 and 78,000, with residual proteins of 35,000
and 26,000 for BFS but only 26,000 for BF6. Subfraction BF7, however, bad two bands
with 94,000 and 78,000 molecular weights.

Stmilar to the observed trend n Big Dawg RP-HPLC subfractions, the less
hydrophobic Jagger glutenin subfractions JF2 and JF3 contained similar molecular
weights of 144,000, 122,000 and 101,000 (Fig. 5), except that JF3 had an additional
82,000 subunit. JF4, however, contained unique proteins with molecular weights of
135,000, 97,000, 92,000, 82,000, 74,000 and 18,000. The more hydrophobic Jagger
subfractions (JF5, JF6 and JF7) were entiched with LMW-GS. The common molecular
weight subunits among the three subfractions were 82,000 and 28,000. Both JF6 and JF7
contained a common subunit of 92,000. However, JF7 had additional subunits with
molecular weights of 72,000 and 15,000.

Similar molecular weight distribution in subfractions belonging to the same
region of hydrophobicity was due to the overlapping of the fractions during separation in
RP-HPLC (Fig. 2). However, this separation was obscrved to not be exclusive to the
region. Thus, reduced and soluble glutenin subcomponents in cach cultivar may have
similar molecular weight of subunits that vary in hydrophobic nature.

Both RP-HPLC glutenin subfractions of Jagger and Big Dawg exhibited subunits
with molecular weights of 15,000 to 28,000. Thesc low molecular weight proteins cross-
contaminaled the glutenin extracts. Some sludies have reported that RP-HPLC
chromatograms of hydrophobic LMW-GS usually contain hydrophobic gliadins (Bietz
and Wall, 1973; Bean et al., 1998). These studies suggest that during glutenin extraction,

sulfur rich gliadins, which are hydrophobic in nature, were not completely isolated.
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However, the albuniins and w-gliadins detected in SDS-PAGE may have interacted with
glutenin prior to extraction. During extraction, the glutenins were only partially reduced
by 50% n-propanol containing 1% DTT, causing random and some specific cleavage of
the disulfide bonds, which allowed non-glutenin components to be recovered together
with the glutenin fraction.

Bietz and Wall (1972) reported the apparent molecular weight disiribution in the
range of 10,000-70,000 Da and - 80,000 to 130,000 Da for LMW-GS and HMW-GS,
respectively. The molecular weight classification used for the current study is based on
the presence of type A-region glutenins (predominantly >100,000 molecular weight)
from Payne and Corfield (1979). Therefore, the molecular weight classification of the
semi-preparative glutenin subfractions (Fig. 2) used in this study were (a) enriched
HMW-GS subfractions (BF2, BF3, BF4, JF2, JF3 and JF4) and (b) enriched LMW-GS
(BE1, BFS, BF6, BIF7, JF1, JFS, IE6 and IF7).

The mean percent peak areas of the RP-HPLC glutenut subfractions ranged from
2.3 to 33.3% for Big Dawg and 0.7 to 42.3% for Jagger (Table 2). The varation in the
percent peak area (Appendix A) was not explamed by the cultivars (Fyja > 0.00,
P=0.9996) but by the subfractions of each cultivar (Fja9, - 449.41, P<0.0001). The
differences between enriched HMW-GS and [.MW-GS subfractions were significani
within each cultivar: (a) Jagger: Fyo; = 1144, P<0.0001 and (b) Big Dawg : Fi ) = 1821,
70.0001 (Table 2). The highest percent peak areas were due to subfractions BEF3. BF4,
JF3 and JF4. The pcrcent peak areas of subfractions enriched with HMW-GS were
approximately 5 and 2.5 times greater than the peak areas of subfractions carichcd LMW-

GS 10 Jagger and Big Dawg, respectively (Table 2). The difference in percent peak areas



of enriched HMW-GS and LMW-GS between the (wo cultivars were significant (F) 144:
71.32, P<0.0001), since Jagger enriched IMW-GS subfractions were 1.2x as large as Big
Dawg enriched HMW-GS subfractions. Thesc results indicated that although there were
similanties in glutenin extraction and apparent surface hydrophobicity based on the
elution times in RP-HPLC of the glutenin subfractions, the two cultivars may have amino
acid compositional difierences and qualitative and quantitative differences in the soluble

glutenin prior to HPLC analysis.

COMPARISON OF THE NET SURFACE CHARGE OF THE SUBFRACTIONS

The electropherograms in FZCE showed that the crude extract of Jagger and Big
Dawg cv. contained several proteins with a range in net surface charges (Fig. 6). The Big
Dawg glutenin exhibited thirteen major peaks while Jagger had seven major peaks. Ten
of the peaks were unique to Big Dawg while five (indicated by asterisks) were unique to
Jagger. Peaks with the same number havc relatively the same retention time. These
peaks infer similarities in charge to sizc ratios. Proteins in Big Dawg glutenin have more
negative net surface charge compared to proteins in Jagger glutenin. The smaller number
of pcaks detected in Jagger may be due (o the presence of unextractible glutenin subunits
in the crude extract not solubilized during sample preparation.

In Jagger, the less hydrophobic and enriched HMW-GS (JF2, JF3 and JF4)
subfractions contained five to seven major peaks in FZCE (Fig. 7). Up to five of the
peaks in the crude extract were not tdentified. Among thc enriched HMW-GS, JF2 and
JE3 both contained peaks which were unique to the subfraction (indicated by arrows),

which indicated that concentrating and solubilizing glutenin subfractions caused



moditication of the net surface charge of the polypeptides due (o reassociation and partial
reduction.

The more hydrophobic Jagger subfractions (JF5, JF6 and JF7) among those
enriched with LMW-GS presented a challenging separation. They cxhibited an area of
broad and unevenly shaped peaks with an undcfined number of peaks that co-migrated
(Fig. 8). JFI, characterized as the more hydrophilic and enriched LMW-GS with a
molecular weight range of 72,000 to 92,000, had five major peaks of which three were
not identified in the crude extract. The FCZE maps of enriched LMW-GS subfractions
(Fig. 8) contained peaks with more negative net sucface charge (JF1 and TF6, 16-20 min
migration time) than did the maps of enriched HMW-GS (Fig. 7). JF! cootributed to the
highest number of prominent peaks with more negative surface charge and 4 more
hydrophilic nature.

=igure 9 shows the Big Dawg FCZE maps of less hydrophobic and enriched
HMW-GS subfractions (BF2, BF3 and BF4). These subfractions contained four to
eleven major peaks, with five to nine peaks not identified in the crude extract. Among
the enriched HMW-GS, BF2 and BF3 contained peaks which are unique to these
subfractions (indicated by arrows). The composition of BF3 was the most complex
showing more polypeptides with diversity in charge density. However, this diversily was
not apparent in their molecular weight distribution, suggesting the presence of
polypeptides with stimilar molecular weights but different charge to size ratios.

In Figure 10, the FCZE maps of the more hydrophobic and enriched LMW-GS
subfractions 1in Big Dawg (BFS, BI6 and BF7) also exhibited the same challenges at

separation, showing clusters of poorly separated pcaks as in the Jagger subfractions at the

31



same RP-HPLC retention times (Fig. 8). Not all the major peaks in BFI were identified
in the crude extract. In comparizon to Jagger entichcd LMW-GS in which JF1 and JF6
had more negatively charged species, Big Dawg was observed to have these negatively
charged species mostly in BFl and BF7. This observation suggests that there are fine
differences between the two cultivars, with Big Dawg containing negatively charged
species which are also more hydrophobic 1n nature than Jagger.

Region B (Fig. 2) contained the less hydrophobic subfractions in both Jagger and
Big Dawg. BI2 and JF2 FZCE maps revealed that these subfractions contained more
positive net surface charged proteins than did the other enriched HMW-GS in Region B
for Big Dawg and Jagger. BF3 and JF3 FZCE maps contained peaks with more negative
net surface charge than did BF2 and BF4 maps for Big Dawyg and JF2 and J14 for Jagger.
Boih BF4 and JF4 did not have significant amounts of Type A glutenins (>100,000
molecular weight) but exhibited similar FZCE profiles to the rest of the subfractions in
the less hydrophobic and enriched HMW-GS for Big Dawg and Jagger.

Both Jagger and Big Dawg RP-HPLC subfractions exhibit scveral peaks with
similar FZCE migration times within each cultivar. Thus, some of the reduced and
soluble glutenin components with differences in hydrophobic nature (retention time in
RP-HPLC) have the same charge to size ratio. Thesc findings suggest that these
polypeptides could be very similar or the same on both cultivars.

The more hydrophilic subfraction in each cultivar (JF1 and BF1) contained major
peaks with more negative net surface charge than the other subfractions. This was an
indication that they contained w-gliadins, since the trend in elution time in RP-HPLC and

nct surface charge corresponds to the behavior of w-gliadins in the two-dimensional
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contour plots studjed by Bean et «l. (1998). Thc FZCE maps combined with RP-HPLC
migration time revealed that the most hydrophilic fraction contained the w-gliadins, the
most negative net surface charged molecules among the gliadin famly. Thus, the
removal of gliadin (ractions during crude extraction of wheat glutenins, using 50% n-
propanol. did not completely solubi)ize the w-gliadin component. Such overlap between
enriched . MW-GS and w-gliadins was found in gel filtration studies by Beckwith er al.
(1966). Niclsen ef al. (1968) considered these proteins to be glutenins of low molecular
weight because they hehaved like glutenins in showing a drastic change in viscosity after
the reduction of disulfide bonds.

The clustering of enriched |.MW-GS is assumed to be due to their tendency to
aggregate as observed by the difficulty i completcly sotubilizing concentrated Region C
RP-HPLC glutenin subfractions using 50% n-propanol containing 1% DTT. This
difficulty might be due to the tendency of LMW-GS to polymerize upon exposure to
molecular oxygen, a slow-oxidizing agent (Verbruggen 2. «f, 2003). More efficient
polymerizalion was observed in LMW-GS than in HMW glutenin subunits, which
required higher concentrations of molecular oxygen or other stronger oxidizing agents.
Thus, the RP-HPLC subfractions in the more hydrophobic Region C (Fig. 2), have more
tendency to polymerize upon concentraiing in large amounts and air exposure since thesc
are enriched with LMW-GS.

The subunits found in FZCE maps of the glutenin subfractions were gencrally
greater in number than the subunits in SDS-PAGE. This difference suggests more
heterogeneity in net charge than in molecular weight of the subunits forming the glutenin

subfractions. There are also differences in the detection method. At 200nm. the



absorbance of peptide bonds 1s compared to the binding capacily of the proteins detected

with silver nitrate.

EFFECT OF ENRICHMENT OF THE GLUTENIN RP-HPLC StUBIFRACTIONS

During sample preparation prior o RP-HPL.C. the soluble polymeric gluicnins
were obtained by random cleavage of sulfhydryl bonds of the glutenin polypeptide. The
sample preparation gavc different proportions of HMW-GS and LMW-GS in RP-HPLC.
Subfractions of reduced and soluble glutenin polypeptides enriched by semi-preparative
RP-HPLC separation revealed some subunits with similar molecular weights and FZCE
maps.

The commmon molecular weights {ound in SDS-PAGE were 94,000 and 84,000 in
Big Dawg, and 92.000 and 82,000 in Jagger. These glutenin subunits were found in the
less hydrophobic region of RP-HPLC (BF2, BF3, and IF4). Thesc two glutemn subunits
from the two cultivars might be the same, since their estimated molecular weights are
similar. Confirmatory studies are recommendcd to detect whether these two subumts are
indced the same in the two cultivars and whether they are responsible for the similarities
in the FZCE maps of the glutenin subfractions with a different hydrophobic nature.

[n theory. wheat contains six diffcrent HMW-GS but duc to the “silencing” of
sonie genes, common wheat cultivars contain three to five HMW-GS (Giannbelli er. al,
2001)  Big Dawg contains four distinct molecular weight subumts that can be
catcgornized as HMW-GS (125,000, 117,000, 104,000 and 94,000), while Jagger has five
(122,000, 115,000, 101,000, 97,000 and 92.000). The differences in the number of

HMW-GS can be attributed to differences In genetic composition and expressiot,



specifically in effective transcription and probably the more efficient translation of
HMW-GS in Jagger.

It 1s proposed that when LMW-GS’s were exposed 1o an acetonitrie-rich eluent
(35-45%) and concentrated during the series of RP-HPLC separations. a change in their
conformation took place, rendering them more susceptible to oxidation when exposed to
ambient oxygen. This change could account for the aggregation of subunits that were not
resolved as revealed in FZCE maps of subfractions 5 to 7 in both cultivars (BF5-7; JF3-
7). These subfractions contained stabilized polymers via disulfide bonds, hydrophobic

interactions, and H-bonds.

CONCLUSION

Jagger exhibited a higher protein content, extraction rate, baking strength,
extensibility, and elasticity index than did Big Dawg. The two hard red winter wheal
cultivars showed seven glutenin subfractions based on hydrophobicily with simylar
migration times but different molecular weight distributions. Subfractions JF1 and BF1,
collected at 30 to 33% acetonitnile in RP-HPLC and designated as Region A, contained
w-ghadins, demonstrated by more negative net surface charge than any of the
subfractions and low molecular weight distributions. Less hydrophobic subfractions
(BF2, BE3, BF4, JF2. JF3 and JF4) cluted at 33% acetonitrile in RP-HPLC (Region B)
were enriched with HMW-GS (92,000 to 125,000 molecular weights). The more
hydrophobic subfractions (BFS, BF6, BF7, IF5, JF6 and JF7), cluting at 35-45%

acefonntrile in RP-HPLC or Regton C, were constdered as ennched LMW-GS (72,000 10



84 000 molecular weights). Some of the reduced and soluble glutemn subcomponents
have some similar molecular weights but differ in their hydrophobic nature.

The enmched LMW-GS subfractions from both cultivars appcarcd to have
considerable aggregative tendencies. This was probably due to their tendency to
polymerize more rapidly than did the enriched HMW-GS. The degree of agglomeration
was evident in FZCE, where the polypepiides were not scparated bul co-migrated. The
agglomecration caused clustering of an undefined number of peaks that formed broad,
unevenly shaped areas. [ZCE maps ol glutenin subfractions revealed proteins with
similar charge to size ratios. Therefore, glutenin subfractions with a different
hydrophobic nature also contained subcomponents with sinnlar charge to size ratios.

The percent peak area of the reduced and soluble glutemin subfractions separated
by RP-HPLC was different in two cultivars. This difference was mainly attributed to the
significant proportion of ennched HMW-GS subfractions. Subfractions of Jagger
enriched HMW-GS were 1.2x as large as those of Big Dawg mainly due to compositional
differenccs, i.e., amino acid composition, the amount of extractable glutenin for RP-
HPLC analysis, and the differences in the number of HMW-GS’s in the (wo wheat

cultivars.
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Table 1. Protein, moisture, flour extraction and alveographic properties of two hard red
winter wheat cultivars

Paramcter Big Dawg Jagge;_
Protein (% ), d.b." 3.2 151
Moisture (%) 14.4 15.5
Flour Extraction Recovery (%) 58.2 63.2
Alveograph2

P (mm H;O) 105 85

L (mm) 56 86

G 16.6 20.7

W (10" 247 311

P/L. 1.89 99

Ie (%) 64.7 72.9

' Analyzed by near infrared spectroscopy, d.b. = dry basis.
2 Average of three independent samples, where P = tenacity; 1. = extensibility; G index
of swelling; W = baking strength, le: elasticity index and P/1. = configuration ratio of
the curve.
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Table 2. Mean percent peak arca of glutenin subfractions eluted from semi-preparative
RP-HPI.C

Main Peak Area (%)

Subraction'? Component . '
Big Dawg Jagger

1 LMW-GS 14.52 7.36
2 HMW-GS 8.94 8.33
3 HMW-GS 33.32 42.27
4 HMW-GS 29.00 32.09
5 LMW-GS 7.79 5.51
6 LMW-GS 4.10 3.78
7 LMW-GS 2.32 ' 0.66

Sum of HMW-GS 71.26 82.69

Sum of LMW-GS 28.73 17.31

" Subfractions indentified in Figures 3-5 as BF and JE, followed by the number.
“n=14 replicates.

* Subfraction 4 was a mix of HMW-GS and LMW-GS with more prominent bands in
+2100,000 and traces of protein bands >100,000.
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Figure 1. Analytical RP-HPLC separation of glutenin crude extract of two hard red
winter wheat (a) Jagger and (b) Big Dawg solubilized in 50% n-propanol containing 1%
DTT. Glutenin polypeptides eluted at 33-50% acetonitrile containing 0.06% TFA and
detected at 200 nm absorbance.
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Figure 2. Semi-preparative RP-HPLC separation of glutenin crude extract of (a) Jagger
and (b) Big Dawg solubilized in 50% n-propanol containing 1% DTT. Glutenin
polypeptides eluted at 33-50% acetonitrile containing 0.06% TFA and detected at 200 nm
absorbance. A = hydrophilic, B = less hydrophobic and C = more hydrophobic regions.
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Figure 3. Molecular weight distribution of Big Dawg and Jagger Region A, subfraction
1. Freeze-dried samples were resolubilized 1n rcducing buffer and analyzed using 15%
SDS-polyacrylamide gel electrophoresis. M.W. and M are molecular weight markers.
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Figure 4. Molecular weight distribution of Big Dawg Regions B and C, subfractions 2 to
7. Subfractions 2 to 4 were categonzed as enriched HMW-GS while subfractions 5 to 7
as enriched LMW-GS. Conditions were as stated in Fig. 3. M.W. or M are molecular
weight markers. Arrows (-) indicate subunits 94,000 (upper) and 84,000 (lower)
molecular weights. Asterisks (*) indicate the common 146,000 molecular weight.
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Figure 5. Molecular weight distribution of Jagger Regions B and C, subfractions 2 to 7.
Subfractions 2 to 4 were categorized as enriched HMW-GS while subfractions 5 to 7 as
_ enriched LMW-GS. Conditions were as stated in Fig. 3. M.W. or M are molecular
weight markers. Arrows () indicate subunits 92,000 (upper) and 82,000 (lower)
molecular weights. Asterisks (*) indicate the common 144,000 molecular weight.
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Figure 6. Electropherograms of glutenin subunits from hard red winter wheat (2) Big
Dawg and (b) Jagger cv. extracted with 50% n-propanol containing 1% DTT, sonicated
for 45 min. Capillary, uncoated fused silica 27 x 50 pm i.d.; voltage, 15 kV; temperature,
25 °C; running buffer, 100 mM phosphate buffer (pH 2.5) with 20% acetonitrile, 0.05%
HMPC and 0.4% glycine; injection, pressure at 0.5 psi for 5 sec; detection, 200 nm.
Asterisks (*) indicate peaks that are unique to the wheat cultivar.
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Figure 7. Electropherograms of crude extract and subfractions characterized as enriched
HMW-GS from Jagger ¢v, separated by RP-HPLC as described in Fig. 2. FZCE

conditions were as specified in Fig. 6. Arrows (4) indicate peaks which are unique 1o the
subfractions.
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Figure 8. Electropherograms of crude exlract and subfractions charactcrized as enriched
LMW-GS from Jagger cv., separated by RP-HPLC as described in Fig. 2. FCZE
conditions were as specificd in Fig. 6.
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Figure 9. Electropherograms of crude extract and subfractions characterized as enrniched
HMW-GS from Big Dawg c¢v., separated by RP-HPLC as described in Fig. 2. FCZE
conditions were as specified in Fig. 6. Arrows (4) indicate peaks which are unique to the
subfractions.
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Figure 10. Electropherograms of crude extract and subfractions characterized as enriched

LMW-GS from Big Dawg cv., separated by RP-HPLC as described in Fig. 2. FCZE
conditions were as specified in Fig. 6.



CHAPTER IV

BINDING ASSOCIATIONS OF REDUCED AND SOLUBLE GLUTENIN

SUBFRACTIONS WITH MALTODEXTRIN IN SOLUTION

ABSTRACT

Dough is a complex system due to the synergistic effects of the wheat flour
components and added ingredients. Determining the molecular associations of the wheat
proteins may define the charactenstic affinity of glutenin subfractions such as HMW-GS
or LMW-GS to other molecules. Glutenin subfractions from two hard red winter
cultivars separated by RP-HPLC as indicated in Chapter 11l were used in this study. The
binding associations of the glutenin subfractions with maltodextrin (2,000 average
molecular weight) were analyzed using affinity capillary electrophoresis (ACE).

Analyses were carried out using reduced and soluble subfractions of HMW-GS
and LMW-GS with a standard concentration of 1 mg/100 ul. The column was saturated
with a buffer containing 100 mM phosphate (pH 2.4), 20% (v/v) acctonitrile, 0.4% (w/v)
glycine, and different maltodextrin concentrations (0, 5, 10, 25, 50 and 100 gM). An
“electric field of 15 kV was applied after a 5 sec mjection of the sample.

Duc to the heterogeneity of the glutenin subfractions, the binding constants (Ky)

were analyzed according to the dominant glutenin polypeptide and the mean or
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hypothetical Ky. The analysis of the dominant glutenin polypeptide was based on the
largest peak area while hypothetical Ky was derived from the mean K of all the peaks n
the electropherogram. Analyses of the dominant polypeptide revealed that JF3 and JF4
have strong affinity with maltodextrin (1.98x10° and 2.41x10° M, respectively).
However, these K,’s were not significantly different from the Ky of other glutenin
subfractions. For the hypothetical Ky, the variation in binding constants was due to the
subfractions within each cultivar. Significant differences in the binding constants of
enriched HMW-GS vs. LMW-GS subfractions were only observed in Jagger. A strong
affinity with maltodextnin was exhibited by soluble glutenin components with Jess
hydrophobic properties containing enriched HMW-GS (JF3 = 1.73x10° M and JF4 -
2.30x10° M™), while the lowest affinity was found in the more hydrophobic region
containing enriched LMW-GS subfractions (JF6 = 1,70x10* M™"). JF4 had a wider range
of molecular weights, primarily 92,000 and 82,000, than did JF3. This difference
suggests the importance of a particular proportion of HMW-GS to LMW-GS, which

resulted 1 strong molecular associations of glutenin subfractions with maltodextrin.

INTRODUCTION

Scanning eleciron microscopy and magnetic resonance imaging have been
utilized for protein-carbohydrate interactions based on microscopic observations of
_protcin fibrils and starch during mixing, fermentation, and baking of the wheat dough
(Greenwell and Schofield, 1986; Lindsay and Skirret, 1999; Kokeelar et al., 1996: Ishida
er al., 200]). These associations are qualitative in naturc while results from capillary

electrophoresis provide a quantitative investigation of these associatjons.
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[n capillary electrophoresis, charged species travel inside the fused silica capillary
under the influence of an electric field. The migration time of the species is determined
by a combination of their electrophoretic mobility and the velocity of the electro-osmotic
flow (EOF) (Baker, 1995). Molecular associations using capillary zone electrophoresis
are more promising than other methods, 1.e., gel electrophoresis or liquid
chromatography, due to a low surface-to-volume ratio, large separation power,
reasonable speed, and good automation prospects (Kraak, et. al, 1992).

Binding constants can be determined by different capillary electrophoresis
methods, namely vacancy affinity capillary electrophoresis, Hummel-Dryer, frontal
analysis, the vacancy peak method, and affinity capillary electrophoresis (ACE). ACE
éan only determine the binding constant while the rest of the above-mentioned methods
determine both binding constants (K}) and absolute numbers of the different binding sites
(Busch et. al, 1997a). The advantage of ACE as compared to the other methods is the
ease of analysis with more straightforward and less complex means of determining K.

For proteins that are capable of multiple or competitive binding sites, the binding
constant values contain some discrepancies depending on the apparatus and method of
analysis. An example is bovine serum albumin (BSA) which contains competitive
binding sites for warfarin and indole. K, and K; are referred to as the binding constants
for warfarin and indole sites (Erim and Kraak, 1998). Kraak et al., (1992), compared
Hummel-Dreyer, vacancy and frontal analysis using laboratory made capillary
electropresis apparatus. They obtained K, and K; values of (a) 1.0x10° M"' and 6.7x10’
M'; (b) 0.7x10° M and 1.4x10° M and (c) 1.3x10° M and 2.1x10" M"' (Hummel-

Dreyer, vacancy and frontal analysis, respectively). In comparison to using laboratory
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made apparatus, using vacancy capillary electrophoresis in a commercial system resulted
to K, and K values of 1.2x10° M and 2.3x10* M, respectively (Erim and Kraak, 1998).

Recent studies of glutenin molecular association with maltodextrin have shown
that the usual rectangular hyperbolic forms of 1:1 binding i1sotherms were not observed
(Davila-El Rassi et al.,, 2003). These researchers used a non-linear fitting method and
reported limitations due to the limiting value of ligand-protein complex mobility. Linear
methods may give a solution to such impediments whereas approprniate linearization may
reveal the stability of the chosen model (Bowser et «!f., 1997).

The objective of this study is to determine the binding constants of reduced and
soluble glutenin subfractions with maltodextrin as analyzed by ACE. The binding
constants were determined using a Y-reciprocal method.

The Ky of all the peaks found 1in the electropherograrms of the subfractions were
calculated. =~ The heterogeneity of the subfractions prompted an investigation to
understand thc binding association of the analyte with the Jargest peak area or the
dominant glutenin polypeptide and the hypothetical K, of the glutenin subfraction. To
derive the hypothetical K, two methods of analyses were compared in the statistical
analyses. For method 1, the analyte with the highest K}, among the peaks with multiple
analytes per replication, including subfractions with a single peak, was used as an
experimental unit.  Method 2 used the average Ky, of all the analytes found in a
replication. The methods for statistical analysis of hypothetical Ky, considered that (a) the
analyte with the largest peak area may not have the highest K, (b) the subfractions may
have multiple binding sites, and (c) the composition of glutenin subfractions may be

heterogeneous.



MATERIALS AND METHODS

SAMPLE SOURCES

Two hard red winter wheat cultivars, Jagger and Big Dawg, were used in the
study. Extraction of the soluble glutenins, semi-preparative RP-HPLC separation and
capillary electrophoresis instrumentation was as described in Chapter III, Materials and
Methods section. The maltodextrin for the starch binding constants in the ACE was a gift

from Grain Processing Corporation (Muscatine, 1A).

DETERMINATION OF BINDING CONSTANTS

Estimations of the binding constants of glutenin subfractions and maltodextrin
were derived using affinity capillary electrophoresis. A 27 cm uncoated fused-silica
capillary (20 cm to the detector, 50 um i.d.) from Polymicro Technologies, Inc. (Phoenix,
AZ) was used. The analysis was performed using a Beckman P/ACE 2000 (San Ramon,
CA) capillary electrophoresis.

Dried glutenin subfractions were solubilized in 50% n-propanol containing 1%
DTT and 4% acetic acid and sonicated for 45 min. The samples injected were adjusted to
a protein concentration of 1 mg/100 pl. An aliquot of 120 ul was drawn and used for the
actual analysis. The column was rinsed consecutively with 0.1N NaOH and 0.5 M acetic
acid for 1 min at 20 psi. A nanopure water rinse preceded each solvent rinsing. The
column was saturated with the running buffer containing 100 mM phosphate (pH 2.4),
20% (v/v) acetonitrile, 0.4% (w/v) glycine and different maltodextrin (average M.W.

2,000) concentrations (0, S, 10, 25, 50 and 100 uM). An electric field of 15 kV was
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applied after a 5 sec injection of the sample at 0.5 psi. The migration timc was obtained
from the electropherogram. Binding constants from peaks of interest were determined
using the Y-reciprocal method (Rundlett and Armstrong, 1996).

Assuming that the glutenin and maltodextrin has a 1:1 binding association, the
change in solute mobility with changing ligand concentration can be used to calculate the
binding constant using the following equation:

_ Hr + pK[L] (1]
Hi= 1 +K[L]

Where p; is the experimentally measured electrophoretic mobility of the solute, ¢
is the mobility of the free (uncomplexed) solute, p is the electrophoretic mobility of the
solute-ligand complex, K is the binding constant, and [L] is the equlibrium ligand
concentration. Binding constants can be estimated by varying the ligand concentration at
constant solute concentrations and fitting the data to equation 1 (Rundlett and Armstrong,
2001). This general formula can be further transformed in equations 2 and 3 and plotted

as the Y-reciprocal method (Rundlett and Armstrong, 1997):

LI S (2]

(Hi- M) (Me - pp) (e - pK
(v axis) (x axis)

[L] vs. (L] = slope 3]
(Hi - 1) intercept
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STAVISTICAL ARALYSES

To analyze the binding constants based on the dominant glutenin polypeptides
(largest peak area) and the over-all hypothetical binding constant in each glutenin
subfraction, two separate statistical analyses were made. A complete randomized design,
with the cultivar as the main treatment effect and an additional factor of subfraction
nested in the cultivar, was used to determine the binding constant of the dominant
glutenin polypeptides. Three individual replicates were analyzed for each subfraction.

To determine the hypothetical binding constant of the glutenin subfractions, a
complete randomized design, a 2 x 2 factorial treatment structure with two cultivars and
two methods of analysis, was used. An additional factor, seven subfractions, was used as
nested within the cultivar, Three replications were done in each set of six concentrations
of maltodextrin per subfraction to provide three sets of Ky per analysis for each
subfraction. Two methods of analysis and two cultivars were used as trcatment effects.
The use of two methods allowed SAS to correct the error degree of freedom estimation.
Statistical Analysis Software (SAS) version 8.1 was used to analyze the binding constants
(Ky) of glutenin subfractions.

The data set was transformed to log. Ky to contro) the high values of Ky and
unequal vanances. Contrast slatements were defined for specific rescarch questions,
namely (a) whether there was a significant difference between the mean K, of the
enriched HMW-GS (F2, F3 and F4) and LMW-GS (F1, FS, F6, and F7) subfractions: and
(b) whether the difference between Big Dawg and Jagger in mean Ky of the HMW-GS

and LMW-GS enriched subfractions was significant.



RESULTS AND DISCUSSION

PRELIMINARY STUDIES

Preliminary analyses indicated that the electrophoretic mobility increased when
> 500 uM maltodextrin concentration was used (Fig. 11). These analyses contrasted with
the theory of molecular association of ACE in which electrophoretic mobility of the
protein decreases upon forming a complex with the ligand (Busch, er. al, .1997a and
1997b, Chu er. al, 1994). Rundlett and Armnstrong (1997) reported that increasing the
ligand concentration can cause changes in the viscosity. conductivity, and ionic strength
of the running buffer solution, and in turm cause changes in the electrophoretic mobilities
(Rundlett and Armstrong, 1997). Therefore, concentrations from 5 to 100 uM of
maltodextrn (ligand) were used.

To understand the binding properties of the glutenin subfractions, two analyses
were utilized. First, the binding constants based on the dominant glutenin polypeptides,
particularly for electropherograms with multiple peaks of interest. were determined.
These provided information regarding the affintty of the major glutenin components of a
particular subfraction to maltodextrin. Second, the hypothetical binding constant values

were determined because of the heterogeneous nature of the subfractions.

ANALYSIS OF K,y FROM DOMINANT GLUTENIN POLYPEPTIDES

Table 3 shows the binding constants of the dominant peak in the glutenin
subfractions obtained by ACE analysis (Method 1). The lowest mean K, was obtained

from BFI (1.6x10° M) and highest mean Ky, from JE3 and JF4 (19.8x 10" and 24.1x10*
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M ', respectively). The variation in the mean K, was not due to the cultivar and
subfractions used (Appendix B). The mean K, based on the dominant peak, showed no
significant effects due to the cultivar and the subfraction unique to the cultivar (F2s =
3.25, P=0.0822 and F, ;s = 1.68, P=0.1267, respectively). The mean K, of the enriched
HMW-GS was significantly different from that of the LMW-GS (F, 23 = 4.61, P=0.0406)
in Jagger but was not observed in Big Dawg (F) 33 = 0.04, P=0.8522). The difference in
K,'s of eniched HMW-GS and LMW-GS between the two wheat cultivars was not
significant.

The results suggest that the dominant glutenin polypeptides from JF3 and JF4
have strong affinity with maltodextrin, but statistically the Ky’s of these polypeptides
were not different from the K, of the other glutenin subfractions. In addition, the K, of
the enriched HMW-GS were different from the K, of LMW-GS in Jagger but overall
were not significantly different from those of Big dawg subfractions. The dominant peak
in the electropherograms of the glutenin subfraction with multiple peaks did not always

show the highest K,,.

AVERAGE HYPOTHETICAL Ky, OF THE GLUTENIN SUBFRA(UTIONS

Table 3 summarizes the propertics of the glutenin subfractions analyzed by ACE.
The molar concentrations were calculated hased on a sample protein concentration of 1
mg/100 pul and an average estimaled molecular weight in SDS-PAGE for each
subfraction (67,100 to 115,500). The concentrations of the subfractions ranged from
0.087 to 0.182 mM (Table 3). The separation of glutenin subunits was poorer, i.e., lower

numbers and clustered peaks, in ACE (Appendix C) compared to FZCE (Figures 7 to 10).



Subfractions BFS, BF6, JF1, JFS and JF7 revealed only one peak. Two peaks were found
in BF4 and JF4. The remainder of the subfractions contained three peaks in ACE
analysis (Appendix C). Unlike the sample buffer in FZCE, the ACE sample buffer
contained 4% acetic acid which, in addition to the 100 mM phosphate (pH 2.5) in the
running buffer, protonates the glutenin subfractions and therefore changes the net surface
charge of the proteins. The acetic acid was added to the sample buffer to completely
solubilize the glutenin subfractions. Anocther factor in the number of peaks and mnet
surface charge diffcrences was the absence of a sieving additive (HMPC) in the affinity
capillary electrophoresis running buffer. A polymeric additive was not included to avoid
compelition with the bjnding sites of the glutenin subunits. However, these additives not
only serve as sieving media to improve the resolution, but also reduces the adsorption of
proteins in the capillary walls (Baker, 1995). The ACE peaks were clusters of multiple
peaks of an undefined number of subcomponents which changed in electrophoretic
mobility as the maltodextrin concentration in the buffer increased. As an example,
electropherograms of JF! (Appendix D), eluted with different concentrations of
maltodextrin in the running buffer, suggest that the molecular associations of glutenin
components with maltodextrin were most likely due to a group of polypeptides and not to
a single glutenin subunit of the subfraction.

Figure 12 and Table 3 exhibit the hypothetical mean K, (Method 2) of glutenin
subunits with maltodextrin obtained from ACE. Thc method and the wheat cultivar did
not have a significant effects on the Ky (F 156  0.03, P :0.871, Appendix E). However,
there was a significant main effect of the subfraction within the cultivar (Fy2.5, — 2.58

1 4

P 0.0084). These findings suggest that the hypothetical K, values were not affected by
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using (wo methods and two wheat cultivars in the statistical analysis but the differences
were due to the glutenin subfractions. The variation was due to JF3, JF4 and JF6 with
mean Ky of 17.2x10%, 22.9x10" and 1.7x10* M respectively. These values indicate that
the reduced and soluble glutenin components of Jagger, particularly the less hydrophobic
polypeptides enriched with HMW-GS, form strong molecular associations with
maltodextrin.

Figures 13, 14, and 15 show the Y-reciprocal plots of JF3, JF4, and JF6. The
highest mean K, (JF3 and JF4), were enriched with HMW-GS while the Jowest mean K,
JF6, belonged to the group of more hydrophobic and predominantly LMW-GS. The
coefficient of correlation revealed a good linear fit using the Y-reciprocal method (R? =
0.9648 to 0.9996). Peak A from the JF4 subfractions, with the lowest coefficient of
correlation (R? = 0.7564), was analyzed with three concentrations of maltodextrin
compared to four for the rest of the subfractions.

The seven Big Dawg subfractions appeared to have similar molccular associations
with maltodextrin (average Ky 6.3x10° M) regardless of hydrophebic differences and
the different molecular weights of the subunits in each subfraction. In contrast, Jagger
subfractions appeared to have three groups with different miolecular associations with
maltodextnn. In the group with a strong molecular association with maltodextrin were
JE3 and JF4 (K, 17.2x10* and 22.9x10* M, respectively) which were enriched HMW-
GS with a less hydrophobic nature. These Ky’s were higher than those derived from
BSA-warfarin (1.2x10° M™') and lectin-polysaccharide (5.6x t0* M ') using vacancy peak
analysis and ACE, respectively (Erim and Kraak, 1998; Winzor, 1995), On average, the

hypothetical K,'s of JF3 and JF4 were 3.2 and 4.2x, greater respectively than those of the

59



other subfractions. In the group with intermediate molecular association were
subfractions JF1, JF2, JF5 and JF7 (average K 8.0x10" M™) which contained glutenin
subunits enriched with a wide range of surface hydrophobicity and molecular weights.
This group had molecular associations with maltodextrin similar to those of Big Dawg
subfractions. Only one glutenin subfraction, JF6, with relatively high hydrophobicity,
had low molecular association with maltodextrin (K 1.7x10" M"'). JF6 was considered
enriched LMW-GS.

The molecular interaction between maltodextrin and the reduced, soluble glutenin
subunits in solution is betieved to be mostly hydrophilic in nature. Maltodextnn and
soluble glutenin subunits have a wide range of OH-rich domains that can act as hydrogen
bond donors and acceptors. We speculate that the small molecular-weight maliodextnn
molecules form a complex with an assumed random coil structure of soluble glutenin as
they come in contact in the capillary.

The differences in affinity of the glutenin subunits with maltodextrin were
speculated to be caused, in part, by the presence of glutemn subunits known as chain
extenders (ChE) and chain terminators (ChT). ChE are glutenin subunits that have at least
two cysteine residues avatlable for intermolecular disulfide bonds, which in tum suppod
the growth of the glutenin polymer. A ChT, on the other hand, has only one cysteine
residue, which blocks the growth of the glutenin polymers. The availability of these
cysteine residues is important in establishing the folded conformations of the glutenin
polypeptide (Gianibelli ef al., 2001; Gianibelli er «l, 2002). The conformation of these
glutenin polypeptides, as shown during ACE analyses, was essential in providing the

available binding sites for maltodextrin association. This study assurned that the long
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glutenin polypeptide chains, in addition to providing a favorable conformation (exposure
of more binding sites) might have been the reason for the strong molecular association
with maltodextrin. Thus, in JF3 and JF4, there may have been considerable amounts of
chain extenders, probably HMW-GS, and the conformation of the polypeptides allowed
the exposure of more binding sites which enhanced their interaction with maltodextrin.
The seven subfractions of Big Dawg and the Jagger subfractions categonzed as having
medium molecular association (JF1, JF2, JF5 and JF7) may have considerable amounts of
ChE and ChT, but the conformation of the glutenin polypeptides provided fewer binding
sites than did the conformation of JF3 and JF4. The subfraction JF6, however, may have
smaller amounts of ChE or it may have folded in a manner that exposed fewer binding
sites than in the other glutenin subfractions, which reduced its capacity to bind with
maltodextrin.

When the molecular associations of glutenin with maltodextrin were analyzed by
comparing the differences between subfractions enriched with HMW-GS vs. those
enriched with LMW-GS, only Jagger showed significant differences (F, s, = 10.22,
P=0.0023, Appendix E). The differences in enriched HMW-GS and LMW-GS between
the Jagger and the Big Dawg subfractions were significant (F, s, = 4.33, P—0.0419) due to
subfractions JF3, JF4 and JF6. These observations suggest that the surfaces of Jagger
glutenins form stronger bonds and a larger number of bonds with maltodextrin than do
the surfaces of Big Dawg glutenins. The higher affinity with maltodextrin could be
significant if it correlates with similar associations with starch. Glutenin subunits and
starch could then form clusters of structures that remain bound during the extension of

dough structure occurring during fermentation and baking. Although only physical
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evidence of the interactions of gluten proteins with starch is available in the literature
(McMaster and Bushuk, 1983; and Zawistowska e7 al., 1985), it is assumed that those

interactions stabilize the dclicate foam structure of the dough.

LIMITATIONS IN DETERMINING TIIE K;, OF GLUTENIN SUBFRACTIONS

It is important to take into consideration that 1:1 binding isotherms are observed
in molecular associations using capillary clectrophoresis; otherwise, certain corrections of
Ky should be utilized based on the number of available binding sites or the use of other
methods. Inaccurate K, calculation is caused by assuming a 1:1 binding isotherm in
compounds with multiple binding capacities. Winzor (1995) discussed problems
associated with assuming a 1:1 binding stoichiometry for muitivalent lectins and charged
polysaccharides. Because lectins contain separate, equivalent polysaccharide binding
sites, when the ligand (polysacchande) concentration increases, the difference in the
mobilities of lectin-polysaccharide complexes differs by an almost constant value. The
K; can be corrected by determining the intrinsic binding constant based on non-linear
regression analysis. These constants were 5.6x10° M™ and 0.094 for the intrinsic binding
constant and the incremental change in mobility of free lectin, respectively. In this study,
the differences in mobilities between the successive complexes were not constant with
glutenin-maltodextrin association. For example, in Peak A of BF2 the differences in
electrophoretic mobilitics, based on the Y-reciprocal method, were -1.1x10™, -1.7x107%, -
1.9%10°,-5.2x10, and -9.5x10™ for 5, 10, 25, 50 and 100 mM maltodextrin, respectively
(Appendix F). In addition, co-migration of glutenin polypeplidcs was detected.
Therefore, the adjustment for the intrinsic binding constant suggested by Winzor (1995)

cannol he estimated. Hence, the binding constants derived from glutenin-maltodextrin
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molecular associations were hypothetical values and relied heavily on available surface
binding sites of the several polypeptides that comprised the subfraction.

This study acknowledges the restrictions of the method and model used for
determining the molecular association of soluble glutenins. Thus, the hypothetical Ky's
of the glutenin subfractions reported here represent the first attempt to estimate their
affinity with maltodextrin.

To the best of our knowledge. this swudy is the first report of quantitative
evaluation of glutenin subfractions with a carbohydrate. It is speculated that Big Dawg
glutenin subfractions differ in charge density from Jagger subfractions. Perhaps the
amino acid sequence or conformation of subunits forniing subfractions of mainly HMW-
GS form domains with favorable molecular associations with carbohydrates. The soluble
glutenins from Big Dawg appeared to have lower affinities for carbohydrates than did
those from Jagger. It is important to highlight that only the soluble glutenins were
studied in this report. Because of this limitation, it is not known if the molecuolar

associations reported here can be extended to the insoluble glutenins.
CONCLUSION

The electropherograms of the glutenin subfractions analyzed in ACE were
heterogenous and do not exhibit 1:] binding isotherms. Analysis of the predominant
analyte in the glutenin subfraction revealed that JF3 and JF4 have the highest mean K,’s
(1.2x10° and 2.4x10° M, respectively). However, these were not statistically different

from the K»’s of predominant polypeptides from other glutenin subfractions.
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For the hypothetical Ky, the molecular associations between soluble and reduced
glutenin subfractions and maltodextrin were mainly affected by the specific subfractions
within a cultivar. Similar to the analysis of the predominant analyte of the glutenin
subfraction in ACE, the highest binding constants were found with the enriched HMW-
GS subfractions of Jagger (JF3 and JF4) which have Ky's of 1.7x10° and 2.3x10° M,
The molecular weight distributions of these subfractions ranged from 86,000 to 122,000
for JF3, while JF4 subunits ranged from 74,000 to 122,000 in molecular weights. The
lowest molecular association was found in subfraction JF6 (Ky = 1.7x10° M"), which
contained mainly LMW-GS and had a strong tendency to polymerize with itself instead
of associating with maltodextnin. HMW-GS enriched subfractions from Jagger contained
polypeptides that had a stronger affinity to maltodextrin than did LMW-GS enriched
subfractions. This difference in affinity was not observed 1n Big Dawg. It is speculated
that Jagger contains a particular group of soluble glutenin components and enriched with
HMW-GS with less hydrophobic properties which are responsible for the strong
molecular associations.

It is also speculated that strong molecular associations of soluble glutenin
components with carbohydrates are present in specific wheat cultivars with characteristic
HMW-GS which are less hydrophobic. More studies are nceded (o improve the accuracy

of the analysis and the appropriate model for determining the K,
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Table 3. Molecular weight, concentration, number of peaks and binding constants (Ks)
obtained from dominant glutenin polypeptide and hypothctical K, based on the mean K,
of the peaks of interest in a glutenin subfraction from two hard red winter wheat cultivars
using affinity capillary electrophoresis.

Estimated it AC]E Analya_:]is
Cultivar/ Molecular Concentration Ky (x10"M™)
Subfraction  Weight (mM) Pe:{‘sz y 5
(x10%)! Method 1 Method 2
Big Dawg _
BF| 8.7 0.115 2 3.1° 1.6
BF2 11.6 0.087 3 4.3 3.0
BF3 10.5 0.095 3 7.7° 8.8
BF4 8.9 0.112 2 7.4° 3.4
BF5 6.8 0.147 ] 7.9° 7.9
BF6 6.8 0.147 1 7.5° 7.5
BF7 8.6 0.116 3 6.0° S
Jagger
JF1 9.5 0.105 1 7.1° 7.1
JF2 11.3 0.089 3 7.6" 6.1
JF3 10.6 0.094 3 17.2° 19.8
TF4 8.6 0.116 2 22.9° 24.1
JFS 55 0.182 1 10.9° 10.9
JF6 6.7 0.149 3 1.7* 1.8
JF7 6.8 0.146 ] 6.5" 6.5

" Molecular weight obtained from SDS-PAGE
Peaks of interest resolved within a subfractions obtained from RP-HPLC
* Av erage of three independent samples
Kh of the dominant glutenin polypeptides based on peak arca
* Hypothetical Ky, of the glutenin subfractions based on mean K,, of the peaks of interest
: Me?)ngsfollowed by the samc letter within the Ky column are not significantly different
at o=
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Figure 11. Electropherograms of hard red winter wheat Jagger cv. glutenin (total protein
= 10 mg/ml), extracted with 50% n-propanol containing 1% DTT and 4% acetic acid,
sonicated for 45 min. Capillary, uncoated fused silica 27 x 50 um i.d.; voltage, 15 kV,
temperature, 25°C; run buffer, 100 mM phosphate buffer (pH 2.5) with 20% acetonitrile,
0.4% glycine and different concentrations of maltodextrin (0, 5, 50 and 500 uM);
mjection, pressure at 0.5 psi for 5 sec; detection, 200 nm. Changes in electrophoretic
mcbility were recorded.
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Figure 12. Mean binding constants (Ky) obtatned from Y-reciprocal method of glutenin
subfractions from hard red winter wheat Big Dawg and Jagger cv. Freeze dried samples
were solubilized in 50% n-propanol containing 1% DTT and 4% acetic acid (total protein
1 mg/100 ul), injected for 5 sec at 0.5 psi and separated in 100mM phosphate buffer (pH
2.5) conlaining 20% acetonitrile, 0.4% glycine and maltodextrin (0, 5, 10, 25, 50 and 100
pM), under 15 kV and dctected at 200 nm absorbance.
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Figure 13. Y-reciprocal plot of Jagger glutenin subfraction JE3. The R’ and y intercepts
are (a) 0.9935, -8.64; (b) 0.9996, -0.6299 and (¢) 0.9514, -3.756 for Peaks A, B, and C,
respectively, Conditions were as specified in Fig. 12.
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Figure 14. Y-reciprocal plot of Jagger glutenin subfraction JF4. The R? and y intercepts
are (a) 0.7564, -9.7246 and (b) 09827, -4.94, for Peaks A and B, respectively.
Conditions were as specified in Fig. 12.
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Figure 15. Y-reciprocal plot of Jagger glutenin subfraction JF6, The R? and y intercepts
are (a) 0.9781, -1.675; (b) 0.9648, -2.04 and (c) 0.9695, -2.48 for Pcaks A, B, and C,
respectively. Conditions were as specificd in Fig. 12.
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CHAPTER V
VISCOELASTIC PROPERTIES OF GLUTENIN SUBFRACTIONS MIXED WITH STARCH VIA

REDUCTION-OXIDATION SYSTEM

ABSTRACT

Differences in molecular association of glutenin subfractions found in the two
hard red winter wheat cultivars (Chapter [V) suggest that specific wheat cultivars contain
a group of glutenin polypeptides with strong molecular association with maltodextrin.
These polypeptides were found to elute in the less hydrophobic region of RP-HPLC and
to be ennched with HMW-GS. The physical interactions of glutenin with other
molecules can influence the viscoelastic properties. The objective of this study was to
determine the viscoelastic behavior of the starch-glutenin subfraction using a model gel
system and compare it to the viscoelastic bchavior of the flour-water dough (Chapter 1),

Seven subfractions from Jagger and Big Dawg cv. with different hydrophobic
characteristics were analyzed in the presence of starch. In order Lo promote interaction
and polymcrization, a 1.1% total solids starch-glutenin miixture (10:1 w/w ratio) was
heated (80 - 90°C) and oxidized with 5 mM KIO,. Dynamic rheology measurements
were performed with frequency sweep tests in one log cycle (1-10 Hz) and a controlled
stress of 0.2 Pa.

Throughout the frequency range the trend of the dynamic moduli werc that that

the storage modulus (G’) slightly exceeded the loss modulus (G™). The viscoclastic
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behavior of the dilute starch-glutenin gels (1.1% solids) did not increase when ennched
FIMW -GS and LMW-GS subfractions were added at a ratio of 10:1 (starch/glutenin).
The starch-glutenin mixtures formed a weak gel with viscoelastic properties mainly
dominated by the starch component. Higher concentrations (greater than 1.1% total
solids) and a starch:glutenin 10:1 ratio (w/w) are needed to affect the viscoelastic

properties of the diluted starch gels.

INTRODUCTION

Polymer physical theory describes the importance of conccntration and the
properties of the components forming a network. The network is stabilized by a
combination of covalent and non-covalent bonds (Don er al., 2003). In a dilute polymer
solution, there are no entanglements of the individual molecules and they can be
considered essentially isolated from each other. The appropriate viscoelastic {unctions
for dilute polymer solution are the dynamic rheological properties extrapolated to infinite
dilutions (e.g., <10? g mL"). These intrinsic dynamic rheological properties are the
storage modulus G’ and the loss modulus G”, and the dynamic viscosities y° and %"
(Ferry, 1980 and Rao, 1999).

Most experiments have investigated the effccts of water, temperature, mixing
conditions, and added ingredients on the dynamic moduli of the dough. In dynamic
rheological studies, a small amplitude oscillatory shear is applied. A sinusoidal stress or
strain with a Speciﬁc_ frequency is applied to a material. The phase diffcrence between
the oscillating stress and strain, including the amplitude ratio, is measured. For

deformation within the viscoelastic range, the generated stress can be cxpressed as elastic



or storage modulus (G") and viscous or loss modulus (G"). G’ provides information
about the magnitude of stored energy in the material or the recovery per cycle of
deformation. G is a measure of the energy that is lost as viscous dissipation per cyclc of
deformation. Tan delia is the loss tangent and is calculated as the ratio of G to G™, (Rao,
1999). For intrinsic dynamic rheological studies, the dynamic viscosities 7’ and 5" are
derived from the complex viscosity (#*). The real part of the complex viscosity (7°) is
equal to the ratio of G” and frequency, while the imaginary part (7”) is the ratio of G™ and
frequency (Rao, 1999).

Intrinsic dynamic rheological properties are useful for determiining molecular
models (i.e., ngidity or flexibility of the molecules) (Rao, 1999). Although such studies
are important, this study was intended to determine the dynamic moduli based on the
interactions of starch and glutenin without inducing isolation of the molecules by infinite
dilutions. Thercfore, gels were utilized since these exhibit viscoelastic behavior suitable
for dynamic rheological studies. A typical cross-linked gel usually indicates a
predominance of elastic properties (G') over viscous modutus (G") (Ross-Murphy, 1984).

There are two classifications of gels according to the resulting three-dimensional
network of biopolymer gels. A system that is free-standing and has a well developed
network ts known as a true gel. Systemns that form a tenuous gel-like network that can be
easily broken down when submitted to high enough stress are called weak gels (Doublier
et ul., 1992). Based on mechanical spectroscopy, Clark and Ross-Murphy (1987) further
described strong gels as networks with finite cnergy and weak gels as transient in time.
Their dynamic rhed]ogical tests showed that strong gels have networks with fewer

molecular rearrangements over time, with G* dominating the entire frequency range and



being almost independent of frequency. [n weak gels. there is a higher dependence on
frequency and Jess difference betwecn the moduli values (G” and G™). These findings
suggest the existence of relaxation processes occurring at short tirne scales and a lower
percentage of the stored energy being recovered,

In order to establish a gel system with a dilute sample, heating and a reduction-
oxidation system were utilized in this analysis. In the actual breadmaking process,
reducing and oxidizing agents are usvally added to dough to enhance its handling and
baking properties. The reducing agents immediately accelerate dough development
during mixing (Evans er al., 1981) and decrease development time (Henika and Rodgers,
1965), making the dough more extensible and easier to process. In this study, a reducing
agent (DTT) was used to expose the sulfhydryl groups and solubilize the glutenin
subunits. With the introduction of oxidizing agents, polymerization would take place duc
to reformation of the disulfide bonds. Oxidizing agents strengthen the dough during
mixing, proofing and initial baking stages. They act by inhibiting disulfide exchange
reactions and perhaps by forming intermolecular disulfide bonds which improve baking
qualities withoul long aging periods (Fratner e «l., 1960). The use of oxidizing agents
was shown in studies by Weegels ¢/ al. (1996), who reported that afier an increase in
extractability of glutenin during mixing, a decrease in extractability occurred during
resting. This suggested that during resting, polymerisation of the glutenin polymer takes
place. Therefore, inducing polymerization of glutcnin by application of an oxidizing
agent dunng mild mixing counditions can stabilize the starch-glutenin network,

particularly for dilute gel concentrations.
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Thenmal fluctuations in a gel may cause hydrogen bonds and other non-covalent
interactions to break and reform again (Tsiami et al., 1997). As a consequence, the gel is
not a rigid structure but may actually flow on long time scales. The time scale at which
the gel may flow depends on the number of non-covalent bonds between partially
covalent cross-linked structures in the system. Upon heating, the G* and G” modult
increase over the full range of frequencies of glutenin fractions. This suggests
association (Tsiami et al., 1997), which is ideal for rheological studies. Nakai and Li-
Chan (1988) and Tanford (1961) reported that combination of hydrophobic interactions
and hydrogen bonding explain the temperature dependence of the G' and G” moduli
during heating: hydrophobic interactions become stronger with increasing temperature.

The objective of this study is to determine the viscoelastic behavior of glutenin
subfractions mixed with starch and treated with heat and reducing and oxidizing agents to

induce polymerization.

MATERIALS AND MFETHODS

SAMPLE SOURCES

Two hard red winter wheat cultivars, Jagger and Big Dawg, were used in the
study. Extraction of the wheat glutenins and semi-preparative RP-HPLC separation were
described in Chapter [11, Materials and Methods section. The starch was a laboratory

ssolate from Shawnee comnercial flour (Shawnee Milling Inc., Shawnee, OK).



SIARCH ISOLATION

A 500 g commercial flour was mixed with 2.5 liters of nanopure water and
centrifuged at 500xg for 20 min. The supernatant and the sludge layer were removed.
The pellet was recovered and kneaded manually while washing with nanopure water (1:5,
starch to water w/v). The mass of gluten was scparated and discarded while the starch
suspension was centrifuged at S00xg for 15 min. The kneading, washing, and

centrifugation were repeated until the recovered pellet was completcly white.

SAMPLE PREPARATION

Starch-glutenin gels were prepared by a reduction-oxidation method using a
modified method based on Verbruggen et al, (2001). A 100 ul aliquot of gluterun
subfraction (10 mg/100 p} ) solubilized in 50% n-propana) containing 1% DTT and 4%
acetic acid, was mixed with 9.8 ml of starch stock solution contatning 100 mg starch.
The mixture was heated to 80-90°C for ] minute with constant stirring. The samples
were oxidized with the addition of 100 pl of 5 mM KIOxs, followed by incubation with
constant stirring for 4 minutes (80-90°C). Samiples were cooled to 25°C for 5 minutes

prior to loading a 6 ml altquot unto a concentric cylinder cup.

DYNAMIC RHEOLOGICAL MEASUREMENTS

Fundamental rheological analyses were donc in a controlled stress/strain
rheometcer, AR-1000N (TA Instrunments, Surrey, England). Thc geometry for the
analysis was a stainless steel recessed-end concentric cylinder with dimensions of 15 and

14 mm for inner and outer radii, respectively. The cylinder immersion height was 42
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mm. The analyses were done using a 4000 pm gap. Samples were conditioned at 25°C
for 3 min and 0.2 Pa pre-shcar for 20 sec. The oscillatory stress sweep tests wcre
performed within 0.001 to 100 Pa stress and a constant frequency of 1 Hz to determine
the linear viscoelastic region (LVR). The frequency sweep was performed in the linear
viscoelastic region with a frequency range of | to 10 Hz and 0.2 Pa as a controlled
variable for both starch-glutenin gels and 1.1% starch gels. The crude glutenin extracts
(1.1% total solids) were also tested at 1 to 10 Hz with 0.25 Pa controlled stress. Overall,

the rheological tests resulted to a range in 0.15 to 28% strain.

STATISTICAL ANALYSIS

A complete randomized design, with starch-glutenin subfraction gels as the main
sources of treatmment, was used to determine the significant differenccs in the elastic
modulus (G”), viscous modulus (G”) and tan delta at 9 Hz frequency and the variables
were analyzed jn Statistical Analysis Software (SAS) version 8.1. Starch and Big Dawg
crude glutenin extracts (1.1% total solids) were used as controls.

Contrast statements were defincd due o specific research questions, namely (a)
whether there were significant differences between the mean G’, G” and tan delta of the
enriched HMW-GS (F2, F3, and F4) and LMW-GS (FI, F5, F6, and F7) subfractions and
(b) whether the differences in G', G and tan delta of the enriched HMW-GS and LMW-

GS subfractions were significant between Big Dawg and Jagger.



RESULTS AND DISCUSSION

The storage and loss moduli (G* and G", respectively) as a function of frequency
from starch and glutenin extracts from hard red winter wheat Jagger and Big Dawg are
shown in Figure 16. Due to limited amounts of protein in the subfractions obtained from
RP-HPLC, all samples were analyzed at 1.1% total solids. Both glutenin and starch G’
and G” appeared to be frequency dependent within the ranges tested. The G’ and G”
profiles seemed similar up to about 7 Hz when starch appears more frequency dependent,
showing a sharper slope than the glutenin extracts. These profiles imply that the 1.1%
starch formed a stronger gel network than the glutenin extract and could sustain more
solid-like properties at higher frequencies than could the 1.1% glutenin gels since the
1.1% starch gel had a higher G’ and G” at the higher frequency range (7-10 Hz) than the
two glutemin extracts. Starch formed a stronger gel than the glutenin crude extracts
primarily due to the better gelling capacities of starch after heating. Thus, samples of
starch and glutenin alone were used as controls in this study.

Figures 17 and 18 show the storage ((G’) and loss (G'") moduli of the Jagger
glutenin subfractions. At lower frequencics, the G obtained were not higher than the G’,
giving tan delta with values less than 1. Differences in the moduli were evident only at
higher frequencies (6-10 Hz). The G’ of the starch-glutenin, crude extract, and starch
gels at 4 Hz (Table 4) ranged from 0.32 to 1.23 Pa while the G” ranged from 0.05 to 0.55
Pa. The tan delta were consistently less than 1 (0.08 to 0.62) except for BF7 with mean

tan delta of 5.32 since the G*<G” (0.32 and 0.46, G’ and G” respectively). Due to the
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high coefficient of varmation (up to 146, 150 and 140% for G°, G” and tan delta,
respectively), the results are discussed as general trends.

Table 5 shows the storage and loss moduli of the Jagger starch-glutenin gels at 9
Hz, with a range of G’ and G™ of 0.98-2.27 and 0.15-2.56 Pa, respectively. These values
also exhibited a high coefficient of variation, 60-140% and 42-159%, for G’ and G”
respectively. The Jagger starch-glutenin gels suggest a trend of more solid-like
characteristics (0.1-0.66 tan delta values), except for the gel containing JF1 (1.53). Thesc
tan delta values also have a high coefficient of vanation (8-146%).

Storage (G') and loss (G) moduli of Big Dawg glutenin subfractions are
illustrated in Figures 19 and 20, respectively. The same observations as for Jagger
starch-glutenin subfractions were evident in the viscoelastic properties of Big Dawg
glutenin RP-HPLC subfractions at 9 Hz. The G’ (0.79-2.63 Pa) and G™ (0.54-1.69 Pa), in
Table S, have high coefficients of variation (47-109% and 43-155%, for G’ and G”
respectively). The tan delta (Table S) showed that the starch-glutenin gels from Big
Dawg generally exhibited solid-like properties (0.34-0.85 tan delta). Tan delta values
also have a high cocfficient of variation (35-146%).

The mean tan delta values for most of the 1.1% starch-glutenin gels indicate that
the gels exhibited trends 1o relatively less viscous and more elastic characteristics at Y Hz.
The blends formed a weak gel and not a viscoelastic solid because the magnitude of the
storage modulus, G’ was not significantly higher than that of the loss modulus, G (Clark
and Ross-Murphy, 1987). Other indicators that the starch-glutenin mixtures exhibited a
weak gel were the narrow linear viscoelastic region (LVR) obtained from stress sweep

tests. True gels usually have broader viscoclastic regions than do weak cels,



According to the flour-water dough studies of Khatkar and Schofield (2002a).
starch has an amplitude-dependent behavior while gluten is amplitudc-independent.
Therefore, the starch component is more responsible for the non-linearity in the cyclic
stress sweeps of a flour-water dough, which suggests that in the presence of starch, the
dynamic moduli are dependent on the stress applied. For this reason, empirical
rheological measurements are useful for flour-water systems, since after application of a
significant amount of force (i.e., with an alveograph), the viscoelastic properties due to
the gluten are revealed. In this study, the starch-glutenin samples were simplifiecd models
of flour-water dough. The starch concentratton in the samples was ten times greater than
the protein and the total solids were only 1.1%. At very low stress (0.2 Pa), the
frequency sweep tests primarily detected the viscoelastic properties of the starch since
this component dominated the moduli at low amplitudes and was also present in higher
concentrations.

The G” and G (Appendix G) of the starch-glulenin gels were not significantly
different from the 1.1% starch and Big Dawy crude glutenin (controls) primarily due to
the high coefficient of variation of the measurements (Fisz2 = 4.83, P=0.0993 and
Fis2uy = 2.94, P=0.270), for G’ and G” respectively). The 1an delta of the starch-
glutenin gels was also similar (Fys174 — 5.27. P=0.0680). Due to the high variability in
the rheological measurements, no differences were observed in the samples.

The sources of error can be systematic errors caused by inaccurate protein content
determination of the glutenin subfractions, the temperature sensitivity of centain glutenin
polypeptides, and the undefined oxidizing agent requirement of the subfractions.

Experimental errors may have been caused by disruption of the cross-linked gel durning
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pipctting, inefficient temperature control to induce polymerization, and significant wall
and end effects in the concentric cylinder during the frequency sweeps.

The over-all trends sugyest that dilute concentrations of starch and RP-HPLC
glutenin subfractions appeared to have a higher G’ than G™ for the entire frequency
range. The contrast analyses did not reveus! significant differences when the enriched
HMW-GS and LMW-GS were compared within each cultivar. No differences were
observed when enriched HMW-GS and LMW-GS were compared between the two
cultivars.

The structure formed by the starch-glutenin gel system at 1.1% total sohds
contained starch-protein networks that were weak. As seen in Chapter 111, the alveograph
parameters of the flour-water dough from Jagger and Big Dawg exhibited differences in
baking strength, extensibility, and elasticity index. The inferaction in a concentrated
flour-water dough (~70% total solids) is mainly due to covalent bonds which are stronger
and more stable than the predominantly hydrogen bonds in the starch-glutenin mixtures
studied. The viscoelastic behavior of the Jagger and Big Dawyg starch-glutenin gels was
not significantly different due to high varability in the measurements. The challenge of
fundamental rheology to accurately distinguish varietal differences was discussed by
Khatkar and Schofield (2002b). At low stress amplitude (<100 Pa), where most LVR are
found, the elastic properties of the weak flours were greater than thosc of the slrony
flours. These results are inconsistent with those of the frequency sweep tests. Hydrated
gluten, in place of the flour-water dough, exhibited the characteristic elastic properties of
the strong flours (G*>G™") and better correlation to loaf volume. Therefore, inclusion of

other components that cxhibit viscoelastic properties, like starch, masks the dynamic
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rheological propertics of the glutenin subfraction. The accuracy of empirical rheological
techniques (i.e. alveograph) in distinguishing breadmaking qualities based on baking
strength relies on the use of high stress amplitude (=100 Pa), which is not applicable for
the rheometer since because it is not in the LVR (Khatkar and Schofield, 2002b).

More studies are needed to reduce the variability of the rheological measurements
such as deterrmination of (a) the optimal starch to glutenin proportion to reveal
differences in viscoelastic properties within the LVR, (b) the optimal K105 utilized as an
oxidizing agent and (c)} the optimal temperature required for starch-glutenin mixtures to
establish a true gel. Proportions of starch to glutenin could also be studied to discover
whether there i1s a ratio at which dynamic rheology reveals differences with low
coefficients of variation (10-20%). Large scale fractionation is also suggested to obtain

higher amounts of glutenin subunits in each subfraction.

CONCLUSION

The starch-glutenin, Big Dawg glutenin extract, and starch gels (1.1% total solids)
have dynamic moduli properties which were dependent on the frequencies used (1-10
Hz). For the entire frequency range, the general trend was for the storage modulus to be
higher than the loss modulus, indicating that the starch-glutenin gels have more solid-like
properties. However, at 1.1% total solids, the dynamic moduli of the gels incurred
significant vanation (>100%) due to several systematic and experimental errors caused

by the method, concentration of the samples, and limitations of the rheological test used.
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The starch-glutenin mixtures revealed characteristics of a weak gel. These gels
have narrow LVR, and deformation was observed in short time-scales and low frequency
range.

The trends suggest that the mean values of the starch-glutenin, Big Dawg glutenin
extract, and starch gels (1.1% total solids) have mean G’ values of 0.79 to 2.63 Pa and
mean G" of 0.15 to 2.56 Pa at 9 Hz. The magnitude of the moduli is due to the limited
concentration and low frequency range (1-10 Hz). The viscoelastic propertics of the
starch-glutenin gels were not differentiated based on thc presence of the glutenin
subfractions due to the high variability in the measurements under the conditions used in
this study.

The data suggest that the viscoelastic properties of the starch-glutenin gel were
mainly governed by starch. Excessive dilution dispersed the molecules, forming a weak
and unstable network of starch-starch and some starch-protein interactions. Unlike the
determunation of the flour-water doughs in empirical rheological techniques, fundamental
rheological analysis was performed at low stress amplitudes (<100 Pa). Thus, the
conditions used in this study were not highly suitable for the analysis of the viscoelastic
properties of the protein component in starch-protein mixtures. Therefore, the dynamic
fundamental rheological techniques need to be performed at higher solid concentrations

than 1.1%.



Table 4. Mean rheological properties of starch-glutenin and starch gels as a control
(1.1% total solids) using recessed-end concentric cylinder geometry analyzed at 4 Hz.

Mean + Standard Deviation' Cosilickentiof Yaxintion

Cultivar/ (%)’
Sample’ Tan
G’ (Pa) G” (Pa) Tan delta G’ G~ delta
Big Dawg —
BF1 0.71 £+ 0.62 035+044 (0.38+0.20 88 128 52
BF2 1.01+1.29 0.12+0.06 0.25+0.15 127 45 61
BF3 094+1.00 0.12+0.16 0.09+0.08 107 138 81
BF4 0.72 +0.82 (09+0.03 0.25+0.17 114 27 67
BFS 0.78 + 0.81 0.15+0.12 026+0.13 105 76 51
BF6 0.44 4 0.31 009+004 025+0.16 70 44 65
BF7 0.32+0.37 046 +0.69 532+742 116 149 140
Jagger
JF1 .47 +0.45 0.14+0.08 0.39+0.17 97 57 43
JF2 0.79 = 1.11 0.17+0.15 0.62 +0.59 141 91 96
JF3 0551056 0.09+009 019+0.17 100 93 89
JF4 0484049 0.12+008 0.14+0.04 104 67 35
JF5 0.54 +0.57 0.24 +0.26 0.48 1+ 0.20 105 109 41
JF6 0.76 + 0.93 0.16 +0.18 0.23+0.13 123 117 54
JF7 123+1.80 0.55+082 041+0.04 146 150 10
Starch 032+020 0.05+0.04 0.10+0.05 62 79 50
Glutenin’  0.55+0.02  0.05+0.04 0.08 + 0.07 3 90 87

" Average of three independent samples.

*BF1-7 and JF1.7 are subfractions identified in RP-HPLC fractionation of gltuenin

extracts of Big Dawg and Jagger, respectively.

’ Big Dawg Glutenin extract.
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Table 5. Mean rheological properties of gsrarch-glutenin and starch gels as a control
(1.1% total solids) using recessed-end concentric cylinder gecometry analyzed at 9 Hz.

Mean + Standard Devjation'

Cultivar/
Sample’
G’ (Pa) G” (Pa)
Big Dawg .- B
BF1 1.3441.10  0.63+0.94
BF2 1.09 + 0.71 0.99 +0.85
BF3 0.90 + 0.58 1.13+1.75
BF4 1.20+1.00 0.66 + 0.86
BF5 1.26 + 1.06 0.54 +0.23
BF6 263 +2.87 1.69 +2.47
BF7 0.79+037  0.56 +0.47
Jagger
JF1 2.10+295 2.56 +3.42
JF2 2,12+ 1.40 1.89+ 302
JE3 098 +0.59  0.31+0.33
JF4 1.25+096  0.15+0.08
IFs 127+ 131 0.77+0.63
JF6 1.18 + 0.91 0.16 + 0.07
JE? 1.52 + 1.53 0.48 + 0.41
Starch 2.27+0.34 1.10+0.71
Glutenin®  1.49 + 041 0.57 +0.22

' Average of three independent samples.
’BF1-7 and JF1-7 are subfractions identified in RP-HPLC fractionation of gltuenin
extracts of Big Dawg and Jagger, respectively.

* Big Dawg Glutenin extract.

Coefficient of Variation

Tan Delta G’
0.41 +0.33 82
0.71 + 0.51 65
0.85+1.17 64
0.44+027 83
034+029 84
0.43+030 109
0.64 +040 47
153 4 1230 140
0.66+096 69
0.284 0.16 60
021+020 77
0.58 +0.04 103
0.16 + 0.06 77
0.39+0.29 101
0.52 +0.35 110
042+023 28
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Figure 16. Frequency dependence of the storage (G’) and the loss (G”) moduli of crude
glutenin extracts from hard red winter wheat Jagger and Big Dawg versus starch (1.1%
total solids), treated with 100 ul of 50% n-propanol containing 1% DTT and 100 ul of
SmM KIOs. Frequency sweep tests, with a recessed-end concentric cylinder, were done
using 1-10 Hz with 0.25 and 0.2 Pa, for starch and glutenin extracts respectively {(n=3).
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Figure 17. Frequency dependence of the elastic modulus (G*) reduced glutenin
subfractions (a) JF1-4 and (b) JFS-7, from hard red winter wheat Jagper cv. separated by
RP-HPLC, Jagger glutenin extract and laboratory isolated starch. Reduced glutenin
subfractions (10 mg/100 pl) were added to 1% sturch solutions and treated with 100 ul of
SmM KIO;. Frequency sweep tests, with recess-end concentric cylinder, were done
using 1-10 Hz at 0.2 Pa. Laboratory isolated wheat starch and Big Dawg glutenin extract
were used as controls (n=3).
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Figure 18. Frequency dependence of the viscous modulus ((G”) of reduced glutenin
subfractions (a) JF1-4 and (b) JF5-7, from hard red winter wheat Jagger cv. scparatcd by
RP-HPI.C, Jagger glutenin exiract and laboratory isolated starch. Conditions were as
specified in Fig. 17, (n=3).
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Figure 19. Frequency dependence of the elastic modulus (G’) reduced glutenin
subfractions (a) BF1-4 and (b) BF5-7 from hard red winter wheat Big Dawg ¢v. separated

by RP-HPLC, Big Dawg glutenin extract and laboratory isolated starch. Conditions were
as specified in Fig. 17, (n=3),
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Figure 20. Frequency depcndence of the viscous modulus (G") of reduced glutenin
subfractions (a) BF1-4 and (b) BF53-7 from hard recd winter wheat Big Dawg cv. scparated
by RP-HPLC, Big Dawg glutenin extract and laboratory isolated starch. Conditions were
as specified in Fig. 17, (n=3).
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CHAPTER VI

RELATIONSHIP OF THE PHYSICO~-CHEMICALPROPERTIES OF THE SOLUBLE GLUTENINS

FROM WHEAT CULTIVARS OF CONTRASTING BAKING QUALITIES

The two hard red winter wheat cultivars, Jagger and Big Dawg, exhibited
differences in the protein content, percent extraction rate, and empirical rheological
properties. Jagger, a better baking quality flour, showed a higher protcin content,
extraction rate, baking strength, extensibility, and elasticity index, than did Big Dawg.
Most of the baking properties of wheat flour are attributed to the gluten matrix, in
particular the quality and quantity of glutenin. The soluble glutenin components in the
two wheat cultivars were compared in thjs study.

The semi-preparalive scale separation of the reduced and soluble glutenin
components based on hydrophobic properties revealed that both Jagger and Big Dawg
generated seven glutenin subfractions with relatively similar migration times. Three
major categories were defined based on hydrophobicity, namely hydrophilic (subfraction
1), less hydrophobic (subfractions 2. 3 and 4) and more hydrophobic (subfractions 5, 6
and 7).

The SDS-PAGE revealed that the subfractions contained more than one glutenin
subunit. Both cultivars exhibited two sub-groups, which were identified based on the

presence of glutenin subunits greater than 100,000 molecular weight, numely enriched
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HMW-GS (subfractions 2, 3, 4) and enriched LMW-GS (subfractions [, 5, 6 and 7).
Jagger contained one unique HMW-GS not present in Big Dawg. This difference may be
due 10 genetic composition or post-translational modifications during genetic expression
of the HMW-GS. Two common glutenin subunits in each cultivar were found with
molecular weights (SDS-PAGE) of 94,000 and 84,000 in Big Dawg and 52,000 and
82.000 in Jagger. Since these are estimated molecular weights, these glutentn subunits
may actually be the same.

The presence of w-gliadins in the FCZE maps of subfractions BF1 and JF1 were
easily identified since they matched previous rcports of morc negative net surface
charged analytes in FZCE and eluted with the more hydrophilic LMW-GS in RP-HPLC.
The net charge of all the glutenin subfractions can be sufficiently described based on their
FZCE maps, including the poorly resolved peaks of enriched LMW-GS subfractions.
The entiched HMW-GS of Big Dawg contained more peaks than enriched HMW-GS of
Jagger, which suggests that there are more extractable glutenin components in Big Dawg
than in Jagger. The more hydrophobic region, enriched with LMW-GS, has FCZE maps
with poor separation and with co-migrating pcaks that formed clusters with similar
charge to size ratios. This clustering was assumed to be due to the tendency of LMW-GS
o aggregate, making it more difficult to re-solubilize. The FZCE maps of solublc
glutenin subfractions with different hydrophobicities revealed peaks with similar
migration times. Thus, soluble glutenin components with different hydrophobic
charactenstics and molecular sjzes exhibit similar charge to size ratios.

The physico-chernical properties of the soluble glutenin components from the two

wheat cultivars have identified more distinctive characteristics of the less hydrophobic



subfractions enriched with HMW-GS. Jagger contained soluble glutenin components
with a stronger affinity to maltodextrin (JF3 and JF4) than Big Dawg. These soluble
glutenins with strong affinity are less hydrophobic and are enriched with HMW-GS.
Thesc observations may help to explain why specific HMW-GS’s found in a given
cultivar may contribute to the functionality of the subunits related to different
performances in yeast doughs.

The starch-glutenin subfraction gels studied (1.1% total solids) formed weak
structures in which no differences were observed among the glutenin subfractions added.
Although differences in hydrophobicity and molecular weight were apparent in each
subfraction, the weak gel, low solids concentration and the high variability during
rheological measurements precluded any possible correlation between the presence of

glutenin subfractions and the viscous and elastic behavior of the starch-glutenin gels.
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CHAPTER VII

FUTURE RESEARCH

To achieve the objective of characterizing of the physico-chemical properties of
glutenin proteins and correlating their performance during baking, the testing of large
amounts of enriched glutenin subfractions is nceded. Enniched glutenin subfractions in
the range of gram quantities are needed to evaluate the rheological analysis and actual
baking tests. Upon concentrating the glutenin subfractions, the next challenge 1s to
improve the solubilization of the more hydrophobic and enriched LMW-GS’s that
strongly aggregate and appeared to have limited interactions with other molecules.

The common molecular weights found in SDS-PAGE were 94,000 and 84,000 in
Big Dawg and 92,000 and 82,000 in Jagger. More studies are needed to detect whether
these two subunits are indeed the same in the two culuvars and whether they are
responsible for the similanties n the FZCE maps of the glutenin subfractions with
different hydrophobic natures.

Ideally, in the determination of molecular association using ACE, a single
compound is used and it is typically homogeneous. The helerogeneity of the glutenin
RP-HPLC subfractions, as reported by Davila-El Rassi et al. (2003), was also observed in
this study. The K},’s of single or groups of two or three polypeptides per subfraction were

determined. But further research is needed to determine the K,'s of single polypeptides.
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Six subfractions (BF2-4 and JF2-4) were enriched with HMW-GS while eight (BF1, JFI,
BF5-7 and JF5-7) were categonized as enriched with LMW-GS. The two glutenin
subunits with strong binding association (JF3 and JF4) comain two and three
polypeptides and more studies are needed to find out the binding association of each
polypeptide. Particularly for JE4, which has a wider range of molecular weights than JF3
and for which morc pcaks were detected in FZCE, the molecular association may be due
to the synergistic effects of the HMW-GS and LMW-GS, which comprised the peaks
found in ACE. Furthermore, the molecular association of soluble glutenins should also
be tested using other analytical methods and analyzed with different models to determine
the accuracy of the calculated Ky's in the present study.

Since one of the subunits identified in this study has close molecular weight close
to that of the w-gliadin of 71,000 reported by Giambelli er al. (2002), it would be
interesting to determine if this polypeptide is the same. The mentioned authors suggest a
likely role of chain terminators (ChT) because the 71,000 w-ghadin is assumed to have
one cysteine group. The importance of ChT 1s shown in the studies of Uthayakumaran es
al. (2000) in which the presence of substantial amounts of w-gliadins decreased loaf
hetght and peak dough rcsistance. [1 ts also suspected that a glutenin sequence contains
more than one ChT and these ChT’s were assumed to be in the class C and D glutenin
subunits.  Since more similarities tn molccular weight and charge to size ratio have
surfaced 1n the physico-chemical analysis of the RP-HPLC glutenin subfractions, the
identification of ChE and ChT subunits could partially explain thc conformation of the
glutenin polypeptides and the exposure of binding sites as a result of the conformational

change.
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APPENDIX A

SAS OUTPUT OF PERCENT PEAK AREA

Table 6. Statistical analysis of percent peak area of glutenin subfractions from hard red
winter wheat Jagger and Big Dawg cv.’

Effect Numerator Denominator F Value Pr>F
df daf -
Cultivar 1 144 0.00° 0.9996
Subfraction (Cultivar) 12 91 449 41 <0.0001
Contrast’
| | 91 1143.9 <(0.0001
2 1 91 1821.18 <0.0001
3 1 144 71.32 <(.0001
“n =14 replicates.
? Near zero.

! Contrast definitions:
| = Jagger enriched HMW-GS vs. LMW-GS.
2 = Big Dawg enriched HMW-GS vs, LMW-GS.
3 = Difference between HMW-GS and LMW-GS (Big Dawg vs. Jagger).
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APPENDIX B

SAS OUTPUT OF BINDING CONSTANTS FROM DOMINANT GLUTENIN POLYPEPTIDE

Table 7. Statistical analysis of the binding constants of dominant glutenin polypeptide

from glutenin subfractions of hard red winter wheat Jagger and Big Dawg cv.'

Effect Numerator Denominator F Value Pr>F
df df
Cultivar 1 28 3.25 0.0822
Subfraction(Cultivar) 12 28 1.68 0.1267
Contrast®

] 1 28 4.61 0.0406

2 1 28 0.04 0.8522

3 1 28 2.73 0.1099

Th=3 replicates.

% Contrast definitions:
1 = Jagger enriched HMW-GS vs. LMW-GS,

2 = Big Dawg enriched HMW-GS vs. LMW-GS.

3 = Difference between HMW-GS and LMW-GS (Big Dawg vs. Jagger).
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Figure 21. Electropherograms of glutenin subfractions separated by RP-HPLC from hard
red winter wheat (a) Big Dawg and (b) Jagger ¢v. Conditions were as specified in Fig.

12.
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APPENDIX D
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Figure 22. Electropherograms of enriched LMW-GS subfraction JF1 from hard red
winter wheat Jagger ¢v. Freeze dried JF] was solubilized in 50% n-rpopanol containing
1% DTT and 4% acetic acid (total protein } mg/100 pl), injected for 5 sec at 0.5 pst and
separated in 100 mM phosphate buffer (pH 2.5) containing 20% acetonitrile. 0.4%
glycine and maltodextrnin (0, 5, 10, 25, 50 and 100 uM). Other conditions were as
specified 1n Fig. 12.
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APPENDIX E

SAS OuTPUT OF HYPTOTHETICAL BINDING CONSTANT

Table 8 Statistical analysis of the hypothetical binding constants of glutenin subfractions
from hard red winter wheat Jagger and Big Dawg cv. '

Effect Numerator Denominator F Value Pr>F
df df .
Method | 56 0.21 0.6452
Culuvar 1 56 2.21 0.1429
Subfraction (Cultivar) 12 56 2.58 0.0084
Cultivar*Method I 56 0.03 0.8710
Subfraction*Method(Cultivar) 12 56 0.03 1.0000
Contrast’

1 ] 56 10.22 0.0023

2 1 36 0.06 0.8010

3 1 56 4.33 0.0419

"n =3 replicates.
? Contrast definitions:
1 = Jagger enriched HMW-GS vs. LMW-GS.
2 = Big Dawg enriched HMW-GS vs, LMW-GS.
3 = Difference between HMW-GS and EMW-GS (Big Dawg vs. Jagger).
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APPENDIX F

Table 9. Difference in electropheretic mobility of the peaks of interest based on Y-
reciprocal method of glutenin subfractions from hard red winter wheat cultivar Big

Dawg, as the maltodextrin concentration increased.

Difference in Electrophoretic Mobility' (em?/V-sec)

Subfractions
5mM 10 mM 25 mM 50 mM 100 mM

BF1

Peak A 6.7x 107 -16x10° 21x10° 3.7x10®  -36x10°

Peak B -1.7x 107 33x107 0 -12x10% 22x10°  23x10°
BE2

Peak A LIx 100 -17x10° 0 -19x10° -52x10° 95x10°

Peak B -1.1x10°  -1.7x 10" -1.7x10°  -5.1x10° 95x10°

Peak C -12x 10 -1.9x10°  29x10° -59x10°  -12x10°
BF3

Peak A 41x107  -12x10® -23x10°  -27x10° -34x10°

Peak B -37x107 -12x10° -1.9x10° 3 x10° -44x10°

Peak C 46x 10 -1.6x10° 2.8x10° 3.0x10° -5.0x 10°
BF4

Peak A -8.0x 107 1.0x 10°° -14x10° a11x10® -13x10°

Peak B 6.4 x 107 83x 10 99x10°  -71x10° -92x10°
BF5

Peak A -1.5x 10 2.0x 10° 26x 10" 23x10° 29x10°
BF6

Peak A 30x10° 27x10° -35x10° 42x10°  -43x10°¢
BF7

Peak A S5x 107 -1.5x10° 44x10°  -19x10" -1.2x10°

Peak B -1.3x10"  -19x10° -49x 10 -39x10° 35x10°

Peak C 15X 10° 0 -1.9x10° -5 x10% 44x10°  -57x10°

! Based on change of clectrophetic mobility from 0 mM matodextrin concentration, n=3.



Table 10. Difference in clectropheretic mobility of the peaks of interest based on Y-
reciprocal method of glutenin subfractions from hard red winter wheat cultivar Jagger, as
the maltodextrin concentration increased.

Subfractions

Difference in Electrophoretic Mobility' (cm*/V-sec)

5 mM 10 mM 25 mM 50 mM 100 mM

JF1

Peak A -1.7x 10 24x10° 34x10°  -45x10° 49x10°
JF2

Peak A 28x107 21x10° -1.8x10° -3.0x10° 29x10°

Peak B 46x107  -11x10*  -10x10°  -20x10° -22x10°

Peak C -12x10°  34x10° -1.8x10° 32x10° -1.8x10°
JF3

Peak A -1.7x10° 0 -22x10°  3.0x10° -26x10°  -2.9x 107

Peak B -13x 10 -17x 10 222x10° 20x10° -23x10°

Peak C 86x10"  -1.1x10°  -1.6x10° -14x10° -1.7x10°
JF4

Peak A -12x107 -12x10° 53x10° -18x10¢  -34x10°

Peak B 33x10% 33x107 -19x10° -l6x10° - 1.1x10°
JFS

Peak A A17x10° 0 22x10° 0 1.7x 107 26x10° 27x10°
JF6

Peak A 67x10° -51x10° 5.7x10% -83x10° 2.9x10°

Peak B 5.6x 10 -47x10° -53x10% 7.6x10° 22x 10

Peak C -40x10°  -3.7x10° -39x10° -57x10° 1.4x%10°
JE7

Peak A 30x10° 27x10° -31x10° 42x10° -43x10°

' Based on change of electrophetic mobility from 0 mM matodextrin concentration, n=3.
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APPENDIX G

SAS OUTPUT OF VISCOELASTIC PROPERTIES

Table 11. Statistical analysis of the storage modulus (G”) starch-glutenin gels containing
glutenin subfractions from hard red winter wheat Jagger and Big Dawg cv at 9 Hz.'

T Effect Numerator Denominator F Value Pr>F
df df
Samples 15 321 4383 0.0993
Contrast’

1 ] 401 0.18 0.6901

2 ] 3.53 0.08 0.7965

3 ] 7.54 0.02 0.9027

- V<

n=3 replicates.

2 Contrast definitions:

1 = Jagger enriched HMW-GS vs. LMW-GS.

2 = Big Dawg enriched HMW-GS vs. LMW-GS.

3 = Difference between HMW-GS and LMW-GS (Big Dawg vs. Jagger).
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able 12, Statistical analysis of the loss modulus (G™) starch-glutenin gels containing
{utenin subfractions from hard red winter wheat Jagger and Big Dawg cv at 9 Hz.'

g
= Effect Numerator Denominator F Value Pr>F
_ df . df
"SQJTIDIGS 14 2.13 2.94 0.2701
Contrast’
1 | 412 0.18 0.6920
2 1 6.33 0.00° 0.9628
3 1 B 8.09 0.10 0.7595
“Tn = 3 replicates. )
Z Near zero.

* Contrast definitions:
1 = Jagger enriched HMW-GS vs. LMW-GS.
2 = Big Dawg enriched HMW-GS vs. LMW-GS.
3 = Difference between HMW-GS and LMW -GS (Big Dawg vs. Jagger).
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sble 13. Statistical analysis of the tan delta starch-glutenin gels containing glutenin
b fractions from hard red winter wheat Jagger and Big Dawg cv at 9 Hz.'

Effect Numerator Denominator F Value Pr>F
df df
gamples | 14 3.74 5.27 0.0680
Contrast?
1 1 431 1.14 0.3427
2 1 4.76 0.03 0.8725
3 1 ~5.06 0.74 0.4108

T = 3 replicates.
2 Contrast definitions:
1 = Jagger enriched HMW-GS vs. LMW-GS.
2 =Big Dawg enriched HMW-GS vs. LMW-GS.
3 =Difference between HMW-GS and LMW-GS (Big Dawg vs. Jagger).

[15



VITA ’D

Ma. Cristina Escober
Candidate for the Degree of

Master of science

Thesis: DETERMINATION OF THE BINDING PROPERTIES AND RHEOLOGICAL
BEHAVIOR OF REDUCED GIL.UTENIN SUBFRACTIONS IN THE PRESENCE
OF CARBOHYDRATES

Major Field: Food Science

Biographical:

Personal Data: Bom in Cebu City, Philippines, on February 23, 1977, the
daughter of Rustico and Simeonita Escober.

Education: Graduated from Colegio de las Hijas de Jesus, Iloilo City, Philippines
in March 1994; received Bachclor of Science degree in Food Technology
from University of the Philippine Los Bailos, Philippines, in April 1998.
Completed the requirements for the Master of Science degree with a major
in Food Science at Oklahoma State Universily in December 2003.

Experience: Employed as a Research Associate in BIOTECH, Philippines and
have extensive experience in the food industry in the Philippines as a
Research and Development Specialist. Currently employed as a Wheat
Research Specialist at Oklahoma Food and Agricultural Products Research
and Technology Center.

Professional Memberships:  American Association of Cereal Chemists and
Institute of Food Technologist





