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CHAPTER |

REVIEW OF LITERATURE

Historical Aspects of Wheat

Ranking second in cereal crops, wheat cultivation can be datdar dmck as the
civilizations of Egypt, Greece, and Rome. Botanists divided wheai tato
classifications: 1) Triticum describing free-threshing wheatd;2) Zea relating to hulled
wheats (Caligari and Brandham, 2001). Of the genus Triticum, wheatsnogkenore
than 500 species with a complicated genetics. Some of the spanidge divided into
diploid containing seven chromosomes; tetraploid with fourteen chromosands;
hexaploid comprising twenty one chromosomes (Bajaj, 199@jcum aestivumone of
the hexaploid species, also known as bread wheats, accounts forallrabtte world’'s
consumption of wheat (Chung et al., 2003).

Wheat cultivars can be hard or soft, red or white, and winter or spring. The tecthts ha
soft refer to the texture of the kernel, while grain color distinguishes bstthe
pigmentation of the outer layer of the kernel, and winter and spring defines sba sea

which the wheat is grown (Atwell, 1997).



Endosperm and Seed Development

Wheat, a member of the grass family, produces a fruit with seeel. The seed is
surrounded by a nucellar tissue attached closely to the testhqgat) and protected by
the pericarp, or fruit coat. It includes the embryo and the endospEmmendosperm is
the nutritive tissue where the starch and proteins are storedentusperm comprises
two main components: the aleurone layer and the inner endospernihellsuter layer
of the endosperm is referred to as the aleurone, commonly knawe bsan. 17% of the
kernel weight is attributed to the bran (Brunkhort, 2007). The peripbelial reside in
the aleurone layer and have equal diameters in all directions.nwhiiperipheral cells,
the prismatic cells are stretched radially toward the caftdre kernel. In turn, central
cells reside in the prismatic cells and have no specifie @il shape. The endosperm
makes up 74.4-86.5% of the weight of the kernel. The cells are fgllaoth granules
entrenched in a protein matrix. Gluten-forming Gliadins and gloserfihe storage
proteins) of the wheat endosperm give wheat grain its unique pespevtilling strips
the kernel of the embryo, aleurone, pericarp, and testa ledarentiosperm as the main
component to flour (Berger, 1999).

In the mature grain, the endosperm contains nutrients and hormont#® feeed to
germinate after sowing. The germination process begins withbitiaos (water
absorption). The embryo sends out signals inducing hydrolytic enzyntieesis in the
aleurone. Roots begin to grow in a matter of days (Berger, 1998hd>germination,
the coleoptiles, the sheath that surrounds and protects the shoeixteaf]s above the
soil where the kernel was sown. At this point, coleoptiles tiregrminates. This step is

followed by tillering and head differentiation (Simmons et al., 1994)ers are side



shoots formed at the base of the mainstem (Berger, 1999). Growingiamungilay a
significant role in the number of tillers. In addition to the mdwat, a wheat plant
produces three tillers. Not all tillers will produce grainhi fplant is fertilized more than
needed or if it is naked, secondary tillers will form. Tilldrattare likely to form grain
emerge when the fourth, fifth, and sixth leaves appear (Simmoias,et995). Of
significant importance during tillering is the initiation ofdgis which are microscopic at
this point. During this phase, kernels are already forming andehestarts to elongate.
The next stage to follow is stem and head growth. The stem dpogsr, and the last
one, the peduncle, makes up a large proportion of the whole stem |leogth.gfowth
hormones retard elongation of the last two or three stemsfendtile plant. At this time,
as the stems are elongated, the head growth is rapid. The eretsady to pollinate and
get fertilized (Simmons et al., 1995). After fertilization, agiNision is slow and so is
differentiation. The embryo continues to grow in size and divide.ri¢us are
transferred from the endosperm reserves to the embryo. Durirggaimefilling period,
the embryo is completely developed; however, it continues to re@xdesperm
reserves. In about 40 days, the single cell has now becomgata plaring the harvest
ripe stage, the grain loses water. Color change of the gnamicgable. Water content is
meticulously observed so that the crop is harvested at idealBerger, 2003; Simmons

et al., 1995).

Classification of Endosperm Proteins
Wheat flour has been studied extensively for its unique propertigsodVithe addition

of leavening, wheat flour demonstrates the desirable rheolqmioperties of leavened



bread (Gianibelli et al., 2001). This unique trait lies primanlyhe storage proteins that
make up the endosperm of wheat along with starch to produce bpaats, and other
food products that provide high calorie diet (Dupont, 2008). It is the atitena of the
molecular structure of these storage proteins that determingudigy of wheat (grain
hardness and protein content) during the bread-making process (Bushuk, TI898).
endosperm protein of wheat is predominantly made up of gluten pra&irien proteins
are made up of gliadins and glutenins. The name prolamins is déwvedhe fact that
gluten proteins are abundant in amino acids, proline, and glutamineil@iiaet al.,
2001).

Studies of wheat endosperm proteins began as early as the'fridritry when Beccari
isolated gluten. However, it was not until théhzmentury that cereal-seed proteins were
classified into four groups based on sequential extraction and difédreotubility
(Osborne, 1907). An additional classification was added later ircghtury to divide
glutenin as either soluble in diluted acetic acid or insoluble m gblvent (Chen and
Bushuk, 1970). Albeit these classifications provide a fundamental apptoathe
differentiation of storage proteins, one must realize that thes@qutiges overlap in
their solubilities (Gianibelli et al., 2001). Other classificatidossed on chemical
composition and biological functions have also been noted (Field et al.,. 1388)
example, polymeric glutenins are different from monomeric gliacintheir disulfide

bond capacity (Macritchie and John, 1992).



Polymeric Proteins—Glutenin

Several studies have been conducted to determine the moleculdétsweigglutenin.
Based on gel filtration, glutenins were found to have molecular veegytteeding twenty
million Daltons (Huebner and Wall, 1976). The standards used in alune@asnts were
globular proteins which are compactly folded unlike the glutenin paiyntieerefore, the
high results may be due to the calibration. Heterogeneous and npaabnmfolded,
glutenins are polymers linked by disulfide bonds. By studying tHeictrephoretic
mobility in sodium dodecyl sulfate polyacrylamide gel electrophor&€&S(PAGE) after
the disulfide bonds are reduced, glutenins can be divided into four groups: A-, B-, C-, and
D- regions (Gianibelli et al., 2001). The A- group makes up the higeamar weight
glutenin subunit (HMW-GS) (Payne and Corfield, 1979). The B- and C- graigs
related toy- anda- gliadins (Payne and Corfield, 1979; Payne et al., 1985). The D- group
is related tao- gliadins (Jackson et al. 1983; Masci et al 1994). Unlike the A-pgtbie
remaining groups correspond to low molecular weight glutenin subunits HG®HNV
(Gianibelli et al., 2001). Several attempts have been made to glutiénin fraction such
as using a series of solvents primarily acetic acid (Bstd Wall, 1975). Other
approaches included the use of reverse phase high-performandeclmomatography
(RP-HPLC) method and sequential extraction of both HMW-GS and LG&BV-
(Marchylo et al., 1989). Although HMW-GS components are quantitati@etynaller
group, i.e. relatively smaller amount compared to other components,atkeyery
important in bread-making in that they are essential in determigimgn elasticity
(Tatham et al., 1985). Gluten elasticity defines the quality chdvi@&ianibelli et al.,

2001). Additionally, the genetics of HMW-GS components was studiezshgxely to



better understand their relationship to the quality of bread pioge¢Rayne and
Corfield, 1979; Payne et al., 1987). Further studies have shown that GBIW-
components are less hydrophobic than LMW-GS using RP-HPLC (Andersah, et
1989). It is worth noting that although LMW-GS (B-, C-, and D-subumitake up
approximately 60% of all glutenins (Bietz and Wall, 1973), they havéeern the focus
of research due to difficulty fractionating them on SDS-PAGE geIW-GS overlap
with gliadins and similar molecular weight polypeptides (Gianibelli et al., 2001)

In addition to identifying HMW-GS, a numbering system using the htypbn SDS-
PAGE determines the location of the chromosomes of the geagse(Rnd Lawrence,
1983). The higher the number indicates the higher the mobility and visa. vEhis
numbering system does not seem to hold with newly identified subumatsilj&lli et al.,
2001). Lew et al. (1992) suggested that a system based on seqa¢imeethan mobility
in SDS-PAGE is a better way to designate LMW-GS.

Genes encoding HMW-GS are found on the long arms of group 1 chromodaéas,

& 1D) (Bietz and Wall, 1975; Payne and Lawrence, 1983). These gen&xcated at
Glu-1 loci and are known as Glu-Al, Glu-B1, and Glu-D1. Each locus inorgawo
tightly linked genes encodes two types of HMW-GS, x- and y- tyj@asta and
MacRitchie, 1994; Payne and Corfield, 1979). Some of the genedere and most
widespread wheat cultivars contain three to five HMW-GS. Thoerefor the hexaploid
wheats, they possess a minimum of a 1Bx, 1Dx, and 1Dy subunits. AMM-GS,
genes are found on the short arms of chromosome 1AS, 1BS, and 1DStivelgpec

These genes are located at Glu-A3, Glu-B3, and Glu-D3 loci (Gianiballi2€01).



In addition to containing high levels of proline and glycine (12.6 and n&®%,
respectively), HMW-GS have unusual abundance of glutamic acid (32.6 raot¥dpw
levels of lysine (0.9 mol%). The glutamine residues form botla itxd intermolecular
hydrogen bonds, which may be related to elasticity in dougltofBet al., 1994).
Structurally, HMW-GS consist of one central repetitive domath w&iregular spiral, and
two non-repetitive terminal domains afhelical structures (Miles et al., 1991; Shewry
and Tatham, 1997). The central domain is hydrophilic, while the nonitrepelomains
with N- and C- terminals contribute to hydrophobicity (Shewryalet 1989). These
domains of the HMW-GS are believed to determine the gluten funttjo(@ianibelli et

al., 2001).

Monomeric Proteins-Gliadins

Gliadins, made up of heterogeneous single-chained polypeptides, aree salut)%
alcohol and are divided into four groups based on their mobility in acidEPAG
electrophoresis. The four groups consisti9ffi-, y-, andw- gliadins, witha- gliadins
having the fastest mobility (Gianibelli et al., 2001). Amidation of 9@Rglutamic and
aspartic acid residues take placewinp-, y- gliadins (Ewart, 1983; Kasarda et al., 1983).
The o- gliadins do not contain cysteine (Gianibelli et al., 2001). Genesding for
gliadins are found on the short arms of group 1 and 6 chromosomes (Glatke2@00;
Jones et al., 1982). Tightly linked, these genes are located athiwneologous loci of
group 1 chromosome: Gli-Al, Gli-B1, and GIli-D1 and group 6 chromosome#2Gli

Gli-B2, and Gli-D2 (Gianibelli et al., 2001). In general, gliadinsypéa role in the



viscosity and extensibility of gluten, hence critical in providingalr with the ability to

rise and maintain shape during baking.

Characterization and relation to dough quality

Due to their importance, several techniques were used toofratdi and analyze the
wheat storage proteins. It is widely known that the protein connposst an important
factor that determines the flour quality in addition to the proteimtifya(Dupont and
Altenbach, 2003). The quality of bread-making has been closely linked /138
(Gianibelli et al., 2001). According to Payne et al. (1981a), somneéicatiubunits had
some effects on gluten quality. HMW-GS encoded at Glu-D1 locu0j5imparts good
quality (Payne et al., 1987). This finding was also observed bptéGand MacRitchie,
1994) in which they took it a step further and claimed that Glualleles are the most
significant for wheat quality. A quality score was firsttagdished by studying 84
varieties where higher scores are correlated with good bakingyguwetile low scores

are correlated to poor baking quality (Payne et al., 1987). Moreoverl#i®nship of

the HMW-GS composition were also studied in the chapati bread mauaigy using
Indian wheat cultivars (Srivastava et al., 2003), with the puffed haghh indicator of
good chapati quality. The HMW-GS 5+10 were more desirable for goaokt quality,
while 2+12 were associated with poor chapati quality; this sgmreement with earlier
studies on bread making quality. The HMW-GS composition of the hard red spring wheat
Triticum aestivumL cv. Butte 86 was determined by SDS-PAGE as Glu-Al 2* E3lu-
749, and Glu-D1 5+10 (Borneo and Khan, 1999). Gliadin and LMW-GS compositions

have also been investigated in relation to dough properties. Althoughsdi@ve been



made that gliadin alleles have a direct effect on bread-makiabty, it has not generally
been accepted. What is now clear is that the effect on qualiégms of dough strength
may be due to tight genetic linkage of LMW-GS to gliadins (¢hielli et al., 2001). The
allelic variation of the LMW-GS showed some effects on thedoneaking quality where
Glu-B3 alleles showed an association with increase in dough d$trehgtefore, lower
baking quality (Ikeda et al., 2006; Lukow et al., 2006). However, Gupta et al. (1994) have
ranked allelic variations in order of quality contributions in retato bread-making. It
was concluded that the effect of LMW-GS alleles on quality mremaccurately
qguantified in combination with HMW-GS (Gupta et al., 1994). Where a connina
between Glu-B3g alleles of LMW-GS and Glu-D1d alleles of HNBS-was associated

with extra strong dough characteristics (Funatsuki et al., 2006).

Water stress vs. wheat

Water stress or drought stress, an insufficient availableraatd soil moisture that affect
the growth and metabolism of plants, is believed to affect the fjoality by lowering
grain yield and damaging grain characteristics (Altenbachl.et2003; Anwar et al.,
2007; van lIttersum et al., 2003). Studies investigated the effect afater stress on
different crops like durum, triticale, barley and different wheatieties, and their
response to the new environmental changes in term of yieldsltobserved that durum
and triticale were most affected while tall wheat and banlexe less affected by water
stress (Fischer and Maurer, 1978). Wheat grains yield has beetedgjoodecrease up to
45% due to water deficit stress (Schitz and Fangmeier, 2001). Notinthe¢haater

stress responses in wheat may vary among cultivars (FiandeMaurer, 1978). Water



stress applied to wheat during early stages of grain develogiiédt DAA) showed a
strong effect on grain filling by decreasing the final gragght about 40% compared to
15% for water stresses applied during 15-28 DAA. Grain falinmber has increased
with water stress applied during 15-28 DAA (Gooding et al., 2003). Goatlia(2003)
also noted that applying water stress at late stages of demi@opment results in
increase of grain protein content because the total dry matseaffeted more than the
nitrogen. However, no effect was observed on the protein quality. Addiyioma
significant change in the molar fractions of the HMW-GS appeatezh wheat plants
were grown under water stress (DuPont et al., 2007).

Water stress appears to influence the grain development, theréngelkd and flour
quality. However, the whole picture of the water stress effedtthe plant response is

still not fully understood.
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Abstract

The storage proteins in wheat are essential in determining gbeelastic properties in
dough, thus the breadmaking quality. Biotic and abiotic stresses, inchvdieg stress,
affect the wheat quality and yield. The objective of this study W@ partially
characterize the storage proteins of wheat grown under normalsvesmser stressed
conditions. Wheat plantg;riticum aestivuncv Butte 86, were grown in a greenhouse
under optimum and 30% water-stressed conditions. Both plant treatmertgsede
adequate nitrogen fertilization. Gliadin, low molecular weight- &mgh molecular
weight-glutenin subunits (LMW-GS and HMW-GS) of mature wheatevkiferentially
extracted with solvents. Proteins characterizations were obtahyédeir hydrophobic
properties via reverse phase-high performance liquid chromatogf@phKMPLC), mass
to charge ratio using capillary zone electrophoresis (C@B)ecular weight via sodium
dodecyl sulfate-polyacrelamide gel electrophoresis (SDS-PAGH),isoelectric point
and molecular weight using two-dimensional gel electrophoresis.

RP-HPLC and CZE profiles showed higher absorbance in the gliadishd MW-GS
fractions on stressed wheat compared to lower absorbance of tihengdoom optimal
wheat with an increase in subunit 5 and a decrease in subunitH® stréssed fraction
of HMW-GS. 2-D gel electrophoresis, two protein spots in the optimt/-GS did not
appear in the stressed fractions. Based on equal volume of extrdmtjbar relative
amount of protein from RP-HPLC area of gliadins and LMW-GSreksed compared to
optimal fractions, while lower relative amount of protein concewinatvas observed in
the stressed fractions of HMW-GS compared to optimal fractioitk, the caveat that

systematic errors in actual protein amount may occur. Watsssproduced change in
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the expression of HMW-GS 5+10 which are encoded by the d&ineD1l by

upregulating th&lu-D1x and downregulating th@lu-D1y.

1. Introduction

Wheat {Triticum aestivurpis an important cereal grain worldwide with nutritional and
economic significance, and adaptation to different environmental cond{fidmker et
al., 1978; Marasas et al., 2003). It is relatively sensitive tengitess. Thus, an adequate
water supply is needed for good yield (Alderfasi and Nielsen, 200TirMet al., 1995;
Panda et al., 2003). The bread making quality is linked to the quantityuatity of the
storage proteins (gliadins and glutenins) which are responsible ofisheelastic
properties in dough (Booth and Melvin, 1979; Shewry et al., 1995). Thgastorateins
are believed to be affected by genetic and environmental conditioluslinmg water
stress.

Water stress (inadequate available water and soil moistifegtsathe growth and
metabolism of plants resulting in damaging effects on the \dltige grain by affecting
yield and grain characteristics, and consequently flour qualiteribach et al., 2003;
Anwar et al., 2007; van Ittersum et al., 2003). Several research shalesbeen
conducted on the effect of environmental stress including heat gfas®ll and
Kettlewell, 2007; Hays et al., 2007; Irmak et al., 2008; Kampinga.,eL295), as well
the nutrients and fertilizer conditions (Altenbach et al., 200Zt€lat al., 2005; Wolf et
al., 2002). It has been reported that water stress affected giag@as by lowering the
yield up to 45% as well as crop quality (Schitz and Fangmeier, 200®)evédr, the

molar fractions of the HMW-GS did not have significant changesnathe plants were
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grown under water stress (DuPont et al., 2007). It is suspectedtibat wheat plants
grow under stressed conditions, the composition and ratio of glutennsrare affected,
thus influencing their flour properties and bread making performance.

The hard red spring wheat aestivuncv. Butte 86 is also known as ND 597 and was
originated by North Dakota AES; USDA-ARS in 1986. This wheat cultivar isaderesl

an improvement of the Butte cultivar in several aspects inclyglioggin content. It has
HMW-GS components of Glu-Al 2*, Glu-B1 7+9, and Glu-D1 5+10. The objective
the present study was to compare the gluten protein profile afenaheat plants grown

under optimum and water stressed conditions.

2. Experimental

2.1. Procedure for Wheat Seeds Growth

Triticum aestivumL cv. Butte 86 wheat plants were grown in the Oklahoma State
University greenhouse facilities. Seeds were planted atadepth in 1-gallon pots and
using Metro-Mix 300 soil brand (American Plant Products and Senices Oklahoma
City, OK). The plants were fertilized biweekly with Miracterow brand fertilizer,
following manufacturer guidelines. The soil moisture was medsuseng a TDR 100
Soil Moisture Probe (Spectrum, Plainfield, IL). Spikes were ddggith the date of

anthesis and were harvested 60 days after anthesis (DAA).
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2.2. Milling of harvested wheat
Harvested wheat grains were milled using a Quadrumat Jr. Laboratb(¢ nw.
Brabender, Instruments, Inc., South Hackensack, NJ) with fixed roll satsimgg AACC

method 26-50.

2.3. Fractionation of Gluten Proteins

Gluten proteins fractions were extracted using modified procedwerbfuggen
et al., 1998). Flour defatting was carried out twice with chloroforfnwllv ratio. The
mixture was stirred for 1 h, filtered with filter paper numde{Whatman) and dried
under the hood The gliadins were extracted with 5 ml 50% n-propartoM(v ratio)
stirred at room temperature for 30 min and centrifuged for 18amkb00xg and 4°C
(Sorvall RC 5C Plus, Sorvall Inc., Newtown, CThe supernatant was speed vacuumed
and the extraction step was repeated twice on the residueremfaning pellet was
mixed with 50% n-propanol and 1% DTT, stirred at room temperatur80fonin and
centrifuged for 30 min at 10000xg and 20°C. This step was repeateel. tWhe
supernatant containing glutenins was collected, adjusted to 60% mr@ual stored
overnight at 4°C to allow the HMW-GS to precipitate (Marchyicale, 1989). After
centrifugation for 30 min at 10000xg and 20°C the remaining supernataatjuated to
85% n-propanol and left overnight to allow the precipitation of the LM®B/-Ghe
adjusted supernatant was centrifuged for 30 min at 10000xg and 20°C. -GB/1swd

LMW-GS were collected, speed vacuumed and stored at -20°C.
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2.4. Reversed-Phase High Performance Liquid Chromatography (RP-HPLC)

A 10 mg sample (gliadin and glutenins extract) was dissolvednih 30% (v/v)
n-propanol containing 1% (w/v) DTT. The solutions were sonicated foridsatroom
temperature for the gliadin and LMW-GS samples, and at 60°C for the HMV&r®3es
After sonication, the samples were centrifuged at 735xg anedlligith a Titan 0.45 um
filter (Thermo Fisher, Waltham, MA). Samples were loaded Mydac Gg column
218TP54 (250 x 4.6mm 1.D., 300A particle size) (The Separations Group, Hespa)i
The analysis was carried out using Waters Alliance instruifwaters, Milford, MA)
equipped with a Waters 990 photodiode array detector. The separatiqresi@ned
using a flow rate 1.0 mL/min at 25°C for 40 min, with a lineadigra 25 to 80% (v/v)
acetonitrile (ACN); water and ACN each containing 0.06 % (v/fotno acetic acid

(TFA).

2.5. Capillary Zone Electrophoresis (CZE)

The separation was performed using a P/ACE MDQ system of BeeKoalter
(San Ramon, CA). Gliadin sample (10 mg) was dissolved in 1 ml 5% panol and
glutenins were dissolved in 50% n-propanol containing 1% DTT. The caodutvere
sonicated for 45 min at room temperature and filtered using ap@Mblter. Samples
were injected for 5 sec using a 15 KV applied voltage on 27 cm (20 cm to the detector, 50
pum i.d.) using uncoated fused-silica capillary (Polymicro Teclyiedp Phoenix, AZ) at

30°C, and 200 nm UV absorbance. The phosphate glycine buffer pH 2.5 used for
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separation contained 100 mM phosphate pH 2.5, 20% (v/v) acetonitrile, 0.4% (w/v)

glycine and 0.05% (w/v) hydroxypropylmethylcellulose (HPMC).

2.6. Sodium Dodecyl Sulphate — Polyacrylamide Gel Electrophoresis (SDS-PAGE)

The protein samples obtained by solvent fractionation were separated according to
their apparent molecular weight using SDS-PAGE in a BioffROTEAN Il (Bio-Rad,
Hercules, CA) electrophoresis equipment. The resolving gel wasatOfamide SDS-
PAGE for the HMW-GS and 12% acrylamide SDS-PAGE for thedgliand LMW-GS.

The running buffer contained 0.3% Tris base, 1.4% glycine and 1% SDfpleSawere
solubilized in the sample buffer that was made up of 250 mM Trisat@H 6.8, 5%
sodium dodecyl sulphate (SDS), 1.0% bromophenol blue, 40% glycerol, and 10% DTT.
The solubilized samples were boiled for 10 min and an aliquot of thenst@et loaded

into the gel.

The gels were stained overnight according to a modified methodeddny Neuhoff et

al (1985) with a solution containing 0.1% (w/v) Coomassie BrillianteB-250,2%

(w/v) ortho-phosphoric acid 10% (w/v) ammonium sulfate as a dyk girepared at least 24

h before staining, where 80% (v/v) dye stock solution were mix#d20% (v/v) methanol.
Destaining was donith 1% acetic acid until all Coomassie particles areonerdand the

bands were clearly seen.

2.7. 2-D Electrophoresis:
Protein fractions were analyzed by 2-D gel electrophores@a@iog to Skylas et

al (2000). Enriched extract samples (10 mg) were resuspended ipl 28Bydration
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buffer consist of 7 M urea, 2 M thiourea, 1% ASB-14, 40 mM Tris (BaokRJSA), then
applied to Immobiline DryStrip pH 6-11, 13 cm (GE Healthcare, Uk) eovered with
DryStrip Cover Fluid (GE Healthcare, UK). The analysis wadgopmed using an
IPGphore apparatus (Pharmacia Biotech, Sweden). Samples wgdeatetl overnight
with the rehydration buffer (16 hours) and Iso Electric FowugiEF) analysis was
conducted using the following conditions: 500V for 1 hr, 1000V for 1 hr, and 80&0V f
2 hr. The samples were removed from the strip holder and equililmatted steps using
equilibration buffer consisting of 6 M urea, 2% SDS, 50 mM Tris/KgH 8.8), 30%
glycerol, and water to make the volume up to 10 ml. In the firpt thie samples were
reduced with 100 mg DTT for 10 min and in the second step the sampkeslikdated
with 250 mg iodoacetamide for 20 min. The strips were loaded on a 184°8GE
using 20cm BioRad PROTEAN II apparatus. The gels were stairmédancolloidal
Coomassie Blue G-250 staining stock solution containing: 0.1% (w/v) Ce@mas
Brilliant Blue G250, 2% (w/v) ortho-phosphoric acid and 10% (w/v) amomarsulfate.

It was resuspended with methanol 4:1 (v/v) dye stock solution/methadottained

overnight.

2.8. MALDI-TOF mass spectrometry

The spots in the stained gels were excised and washed with S%nhiade
(ACN)/25 mM ammonium bicarbonate (pH 8.0) for 15 min to remove eXcesemassie
Blue stain from the excised slices, then soaked in 100% ACN fom5fatiowed by
dehydration by Speed Vac (Thermo Savant SPD 2010, Needham Height&ni\2A-30

min without temperature control. Slices were incubated overnight & B710-15 ul
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cold trypsin solution (sequencing grade modified trypsin, Promega, sbladiwl)
prepared by dissolving 10-15 pg trypsin/ml of 25 mM ammonium bicarb@i&i®.0
and stored at -70°C. The slices were soaked in 30 pl 50% ACN/5% THFéom
temperature for 30-60 min, and gently shaken. The supernatantsavesferred to clean
tubes and soaked again with 50 pl (50% ACN/5% TFA) at room teraperatr 30-60
min and the supernatants were again collected and pooled with the first dodiegpbets,
followed by drying in a Speed Vac for 1h without temperature obriiach sample was
reconstituted with 3.0 ul of 50% ACN/0.1% TFA for 30 min. Aliquots (0.6qiljhe
reconstituted samples were added to 0.6 ul of saturated mapira{eyano-4-hydroxy-
cinnamic acid) for mass spectral analysis (Voyager DE-PR&ss spectrometer,

Farmingham, MA).

2.9. Database search

The peptide fragment mass spectra were obtained using Masewreoft/ersion 2.0.4,
Matrix Science) to search protein sequences within a wheat datalssigned and
collected by the core facility at Oklahoma State Univer3ibe estimated peptide masses
are compared to experimental peptide masses in the databageM®WSE (Molecular
Weight Search) scores for matches that are based on prob@bdityh and Todd, 2005).
Search parameters included peptide mass tolerance of 100 ppm, withagimaum
missed cleavage and variable modifications of Oxidation (M), Propidea(€), Pyro-

glu (N-term Q), with significance threshold of 5% BP and monoisotopic mass value.
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3. Results

3.1. SDS-PAGE:

The gluten protein samples were separated by their molegelghts on SDS-
PAGE. The gliadin bands ranged from around 28 to 60 kDa (Fig. 1), th&/-O38
ranged from around 28 to 55 kDa (Fig. 2) and the HMW-GS ranged fraumc 80 to
130 kDa (Fig. 3). These results agreed with previously published daavi(set al.,
1986).

The HMW-GS gel (Fig. 3) showed the same pattern for both stkresgkoptimal
growing conditions samples, where the subunits 10 and 9 have the moleeiglar ~80
kDa, subunit 7 has the molecular weight ~95 kDa, and the subunits 2* and fheave
molecular weight ~120-130 kDa. However, the stressed samples imbeld fivands
comparing to the optimal samples. There appear to be no differences in the LMWHGS
gliadin extracts (Fig. 1 & 2) of the stressed and optineahes. About 12 bands
(subunits) in the LMW-GS and 15 bands in the gliadin extract appelae similar in

both samples (stressed and optimum growing conditions).

3.2.Reversed-Phase High Performance Liquid Chromatography (RP-HPLC)

The gliadin and glutenin extract samples were separateddatgoo their surface
hydrophobicity using RP-HPLC. The patterns of gliadin, LMW-GS andWAMS
fractions are reported in Fig. 4, 5 and 6, respectively. Sirpdétern but difference in
peak height appeared in the profiles of gliadin and LMW-GS @&astfrom the 30%
water stress wheat. Higher peak heights appeared in thengayamphobic peaks eluting

between 25 to 34 min (Fig. 4 and 5) from the gliadin and LMW-GS fractions. HMW-GS,
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the most important components in terms of baking properties, appeabedthe most
affected by the 30% water stress growing conditions (Fig. 8)e ydrophilic peaks,
eluting between 3 to 8 min, and at least three peaks of mediurapiabicity, eluting
between 19 and 28 min, of the HMW-GS enriched fraction were promimeneé 30%
water stress wheat. This suggests that these proteins wahaced in relative high
amount. Comparing to previous data, the peaks eluted between 3 and 8ighin m
correspond to the- gliadins and peaks eluted between 19 and 28 min might correspond
to LMW-GS co extracted with the HMW-GS.

By comparing our RP-HPLC results to previously published datecliBit al.,
2007; DuPont et al., 2007), the HMW-GS peaks were correspondent to thesjptalls
between 11 and 19 min. The medium-hydrophobicity peak eluting at about 11.7 min
represent subunit 10. The peak eluting at about 14.8 min represents sufinatgeak
eluting about 16.3 min represents subunit 9, and subunit 7 eluted at 17.5 min and subunit
2* was separated as a shoulder from the subunit 7 at 18.1 min in thwlopéimple
while it was better separated in the stressed sample, eluted at about 18.5 min.
The total protein under the curve of RP-HPLC was determined im todestimate the
protein amount with detection wave length of 200 nm. Previous studies reported using the
total area under RP-HPLC trace to estimate the protein amsing 210 nm (Dupont,
2008) (Tables 5,6 and 9). The total area under the curve of Gliadilfricim wheat
grown under stressed conditions was 54.7% higher than Gliadin fractionwheat
grown under optimal conditions. While the total area under the cofrMeMW-GS
fraction from wheat grown under stressed conditions was 38.7% highetNNARGS

fraction from wheat grown under optimal conditions. The total arearuhdecurve of
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HMW-GS fraction from wheat grown under stressed conditions was 1Bigliér than
HMW-GS fraction from wheat grown under optimal conditions (TableAS)for peak
heights, HMW-GS 10 has decreased 56.7% in the stressed fractiortHMWeGS 5 has
increased 56.0% in the same fraction. While the HMW-GS 9 hasadecrearound

14.2% in the stressed samples and HMW-GS 7 has increased about 7.3% (Table 6).

3.3. Capillary Zone Electrophoresis (CZE)

Gluten proteins from optimal and stressed wheat samples wereatsepa
according to their mass to charge ratio using capillary zowntr@bdoresis (CZE). It has
been reported that acidic pH electrolyte buffer was optimumséparating cereal
proteins (Bean and Lookhart, 2000; Lookhart and Bean, 1995). The phosphatepbuffer,
2.5, used for gliadin and glutenin separation was freshly prepared.

The gliadin extract showed around 27 peaks (Fig. 7 and 8), both opmahal a
stressed have the same peak patterns with some differenttess peak heights. Some
minor protein peaks like 7 and 8 in the optimal sample appear detieade stressed
samples. LMW-GS (Fig. 9 and 10) extracts appear to resolabout 22 peaks. The
same pattern for all peaks was observed except for peaks 12, 13 andch8skdw
slightly higher height in the stressed sample. Peak 15 elutidd.&tmin was better
separated in the optimal LMW-GS than the stressed sample. Badingland LMW-GS
electropherograms showed increase in the absorbance of steesseds compared to
optimal extracts that indicate more protein was present inttégsed injected samples

than optimal samples of gliadins and LMW-GS.
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The HMW-GS extracts separated into around 17 peaks (Fig. 11-12higher
absorbance in the optimal extract electropherogram compared Biréissed extracts.
The small peaks 2 and 3 eluting at about 6.5 and 7 min, respectmedyolserved in the
stressed sample but appear to be missing in the optimal grasimgdjtion sample.
Another small peak, 5, eluting at about 7.2 min is well defined in theiprextract from
wheat grown under optimal conditions and absent in the stressed sample.

The total area under the curve of Gliadin fraction from wheatvig under stressed
conditions was 103.5% higher than Gliadin fraction from wheat grown undenabpt
conditions. While the total area under the curve of LMW-GSifradtom wheat grown
under stressed conditions was 4.5% higher than LMW-GS fractiom Wbeat grown
under optimal conditions. The total area under the curve of HMW-GSidinafrom
wheat grown under stressed conditions was 50.3% lower than HM\iYaGi®n from
wheat grown under optimal conditions. (Table 7). The peak height VKBS 10 has
decreased about 80.2% in the stressed fraction while HMW-GS 5 haased about
162.0% in the same fraction. While the peak height of HMW-GS 9 hasadect around
53.6% in the stressed samples and HMW-GS 7 has decreased about 23.2fe and t

HMW-GS 2* has decreased about 66.3% (Table 8).

3.4. 2-D Electrophoresis and MALDI-TOF mass spectrometry

The protein separation by their isoelectric point and moleculaghivevas
performed using two-dimensional gel electrophoresis followed byodified colloidal
Coomassie blue G-250 staining (Neuhoff et al., 1985). This stainitigochés more

reproducible and does not compromise the MALDI-TOF sensitivity.
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Table 1 summarizes the number of protein spots excised from thgeksDidentified
proteins and the percentage of identified proteins. From the gliaateinpspots excised
and analyzed, 39 and 54% were identified for optimal and stressed, wdsgectively.
The HMW-GS identification rate was 75 and 56% for the optimdl stressed proteins,
respectively. While the highest identification rate was inlth®V-GS 75 and 78% for
optimal and stressed wheat, respectively. By comparing the lspivteen both stressed
and optimal proteins, the gliadin gels showed the same spot paltettms LMW-GS the
same pattern appeared with some differences where spots A14 amal the optimal gel
did not appear in the stressed. Moreover, four proteins spots C5, C&dCZ8an the
optimal gel did not also appear in the stressed gel that cém jp@or separation. The
HMW-GS results showed the same pattern. The overall MOWSEssfmrall proteins
identified were low (Tables 2, 3 and 4); except for the HMW-GSsehecores were
higher.

The same proteins with the same MW have been identified and edatchmultiple
proteins in the same fractions with different MOWSE score. liinged database

available can be a reason of such results.

4. Discussion

Wheat storage proteins are generally considered the key comporanietdrmine the
dough quality and therefore the breadmaking quality. It is alsgptatt¢éhat among these
storage proteins, the HMW-GS provide the elasticity attributésegaough (Tatham et
al., 1985). Gluten elasticity defines the quality of bread (Gianile¢l al., 2001).

Additionally, the genetics of HMW-GS components was studied axtsndo better
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understand their relationship to the quality of bread processing rsfpotuat the
composition differences of the HMW-GS between cultivars exhibftsrdnces in the
baking quality (Payne and Corfield, 1979; Payne et al., 1987). The dsorpam the
SDS-PAGE profile of both the optimal and stressed wheat glutetiofna did not show
differences in the subunits profiles (Fig. 1-3). Qualitativelyge RP-HPLC profile
comparison between optimal and water stressed gluten fractions shiowied patterns
of their gliadin, LMW-GS and HMW-GS, i.e. all major peaks are shene. Proteins
peaks in all gluten fractions showed a height increase in the stedssed compared to
the optimal samples. This agrees with the report of (DuPont, &08i7) who found flour
protein % increased in the water stressed wheat. The matdiofrs proportion reported
by DuPont et al., (2007) and Wieser and Zimmermann, (2000) on Butte &&aeml
other varieties was in accordance of our data except for the sulingnd 9, which
were reported to have a higher molar fraction proportion than the subuaitd 10. Our
data showed that applying a 30% water stress to wheat plantresaldecrease of the
subunit 10 in the stressed sample and increase in the subunits 2*, 7 and 5.
Electropherogram analysis (CZE) showed qualitatively sinplatern in all proteins
samples in both optimal and stressed. Qualitatively, higher absorb@scebserved in
the gliadins and LMW-GS fractions on stressed wheat compareavés hbsorbance of
the fractions from optimal wheat. Overall, electropherograms MWHGS fractions
revealed higher absorption from the extraction of the wheat growptiahal condition
than to the stressed one. Using the report of Bean and Lookhart, @ri®$%utton and
Bietz, (1997) the subunit allelic composition of HMW-GS can be asdiga specific

peaks. Peaks 12, 13, 15, 16, and 17 correspond to the subunits 10, 9, 7, 2* and 5,
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respectively (Fig. 19). Our data suggest a decrease in the subQn® and 2* in the
stressed wheat sample and an increase of the subunit 5 compangdnia sample.
Comparing RP-HPLC and CZE data, the only agreement is on amasacire subunit 5
and a decrease in subunit 10 in the stressed fraction of HMW-GS. &ubwamd 10 are
encoded at Glu-D1 gene locus that is found on the long arms of group 1 cbno@sos
(Bietz and Wall, 1975; Payne and Lawrence, 1983). It contains tivthytighked genes
encoding two types of HMW-GS, x- and y- types, where subunit 10 corresponds to y type
and subunit 5 corresponds to x type (Gupta and MacRitchie, 1994; PayQmidiaetd,
1979). This suggests a correlation between water stress ard1Gjene expression in
upregulation of x type and downregulation of y type. Additionally, botla dabwed
higher absorbance in gliadins and LMW-GS of stressed fractompared to optimal
fractions, suggesting more protein was present in the sireasaples, where about 80%
of gliadin and LMW-GS proteins were affected. In the 2-D gelttebphoresis, two
protein spots in the optimal LMW-GS did not appear in the stresaetioins. Spot A12
was identified as Low molecular weight glutenin subunit group 11 Wpevhile spot
B12 was not identified by the database.

In conclusion, our data suggest that water stress has an effeglutem protein
expression during endosperm development, where it produced an incrgéadimand
LMW-GS proteins, in addition to change in the expression of HMW-{%Gpbegulating

the expression of Glu-D1x and downregulating the Glu-D1y.
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grown under 30% water stressed and optimum conditions
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Fig. 2. SDS-PAGE profile of LMW-GS extracts Dfiticum aestivumL cv. Butte 86,

wheat grown under 30% water stressed and optimum conditions
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Fig. 3. SDS-PAGE profile of HMW-GS extracts Tafiticum aestivumL cv. Butte 86,

wheat grown under 30% water stressed and optimum conditions
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Fig. 4. RP-HPLC pattern of gliadin extracts of hard red spring wheat cv. @&igseown

under stressed and optimum conditions. Gliadins extracted from defatted flous@%ng
(v/v) n-Propanol. Vydac C18 column, 250 x 4.6 mm i.d.; flow rate, 1.0 ml/min; linear

gradient from 25 to 80% (v/v) acetonitrile in water containing 0.06% (v/v) trifluotizace

acid; temperature 25°C for 40 min detection.
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Fig. 5. RP-HPLC pattern of LMW-GS extracts of hard red spring whe&utte 86
grown under stressed and optimum conditions. LMW-GS obtained after the extraction of

gliadins by precipitation with 85% (v/v) n-Propanol containing 1% (w/v) DTT.

45



-100
1.80
HIMW-GS |
i =80

£ | S
c 1.204 — Q
o 60 =
o +—
N - -—
wn c
(T -40 O

)
= Q
<C 0.607 <LIJ

-20
0.00 - R 0
0 10 20 30 40
Elution Time (min)
Optimum
S— Stressed

Fig. 6. RP-HPLC pattern of HMW-GS extracts of hard red spring wheat cie 8ait
grown under stressed and optimum conditions. HMW-GS obtained after the extraction of

gliadins by precipitation with 60% (v/v) n-Propanol containing 1% (w/v) DTT.
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Fig. 7. Electropherogram of gliadin extracts of hard red spvimgat cv. Butte 86
grown under optimum conditions. Gliadins extracted from defatted flong &% (v/v)
n-Propanol. Samples were injected for 5 sec using a 15 KV applieedje on 27 cm (20
cm to the detector, 50 pm i.d.) using uncoated fused-silica caplia@§°C, and 200 nm
UV absorbance. The phosphate glycine buffer pH 2.5 used for sepamati@mined 100
mM phosphate pH 2.5, 20% (v/v) acetonitrile, 0.4% (w/v) glycine and 0.0586 (w

hydroxypropylmethylcellulose (HPMC).
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Fig. 8. Electropherogram of gliadin extracts of hard red spring wheButte. 86 grown
under Stressed conditions. Gliadins extracted from defatted flour using 50%-(v/

Propanol.
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Fig. 9. Electropherogram of LMW-GS extracts of hard red spring wdve&utte 86
grown under optimum conditions. LMW-GS obtained after the extraction of gliadins by

precipitation with 85% (v/v) n-Propanol containing 1% (w/v) DTT.
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Fig. 10. Electropherogram of LMW-GS extracts of hard red spring wheButte 86
grown under stressed conditions. LMW-GS obtained after the extractionaihgliay

precipitation with 85% (v/v) n-Propanol containing 1% (w/v) DTT.
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Fig. 11. Electropherogram of HMW-GS extracts of hard red spring wheat de. &t
grown under optimum conditions. HMW-GS obtained after the extraction of gliadins by

precipitation with 60% (v/v) n-Propanol containing 1% (w/v) DTT.
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Fig. 12. Electropherogram of HMW-GS extracts of hard red spring wheat de. &t
grown under stressed conditions. HMW-GS obtained after the extractioadihglby

precipitation with 60% (v/v) n-Propanol containing 1% (w/v) DTT.
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Fig. 13. 2-D gel electrophoresis of gliadin fractions, of hard red springtwheButte 86

grown under optimum conditions.
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Fig. 14. 2-D gel electrophoresis of gliadin fractions, of hard red springtwheButte 86

grown under stressed conditions.
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Fig. 15. The 2-D gel electrophoresis of LMW-GS fractions, of hard red spring ahea

Butte 86 grown under optimum conditions.
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Fig. 16. The 2-D gel electrophoresis of LMW-GS fractions, of hard red spring ahea

Butte 86 grown under stressed conditions.
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Fig. 17. The 2-D gel electrophoresis of HMW-GS fractions, of hard red spring exheat

Butte 86 grown under optimum conditions.
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Fig. 18. The 2-D gel electrophoresis of HMW-GS fractions, of hard red spring exheat

Butte 86 grown under stressed conditions.
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Fig. 19. CE comparison between HMW-GS from optimal and stressed wheat samples

with the subunits identification
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Table 1

Summary of gluten protein fractions identified by MALDI-TOF. 2-D electropbisr

protein spots excised from the gel, identified, and percentage of the identifiech pr

spots.
Excised From Gel Identified % ldentified
Gliadin Optimal 26 10 38.5
Gliadin Stressed 26 14 53.8
LMW-GS Optimal 32 24 75.0
LMW-GS Stressed 27 21 77.8
HMW-GS Optimal 16 12 75.0
HMW-GS Stressed 16 9 56.3
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Table 2

Protein identification of gliadin samples with theoretical molecular weigbelectric

point and MOWSE score.

Spot No. Protein name Theoretical MW/PI Score
Al Gamma gliadin 27188/8.94 8
A2 Gamma gliadin 33871/8.72 10
A7 Gamma gliadin 28940/8.48 14
A8 Gamma gliadin 28940/8.48 8
A9 Gamma gliadin 14289/9.11 5
All Gamma gliadin 33967/6.92 7
Al12 Gamma gliadin 31431/8.72 10
Al13 Gamma gliadin 14289/9.11 9

Al4 LMW-glutenin subunit 43642/7.74 6
Al6 Gamma gliadin 28940/8.48 11
Bl Alpha gliadin storage protein 29337/7.22 6
B2 Gamma gliadin 28061/9.01 11
B3 Gamma gliadin 35650/8.50 8
B4 Gamma gliadin 14289/9.11 4
B5 Gamma gliadin 14289/9.11 9
B6 Gamma gliadin 14289/9.11 10
B7 Gamma gliadin 28940/8.48 12
B8 Omega gliadin 32783/8.24 7
B9 Omega gliadin storage protein 38433/10.01 17
B10 Alpha gliadin GLi-LM2-17 35195/7.62 6
B11 Gamma gliadin 28061/9.01 14
B12 Gamma gliadin 28940/8.48 9
B14 LMW-glutenin subunit 43642/7.74 5
B16 Gamma gliadin 28940/8.48 8
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Table 3

Protein identification of the LMW-GS samples with theoretical moleauaght to the

Pl and the MOWSE score.

Spot No. Protein name Theoretical MW/PI Score
Al Low molecular weight glutenin subunit GF-2 3381808 13
A3 Low molecular weight glutenin subunit 20001/8.33 7
A4 Low molecular weight glutenin subunit group Ype VI 23939/9.06 7
A5 Low molecular weight glutenin subunit 34549/8.49 8
A7 S-type low molecular weight glutenin subunit 27/8.51 12
A8 Low molecular weight glutenin subunit 20001/8.33 6
A9 S-type low molecular weight glutenin subunit 2818.52 5
Al10 Low molecular weight glutenin subunit 3454918.6 6
All Low molecular weight glutenin subunit 299058.5 10
Al12 Low molecular weight glutenin subunit grouptyfe VI 23939/9.06 10
Bl Low molecular weight glutenin subunit 34330/8.92 9
B2 Low molecular weight glutenin subunit 29905/8.55 11
B3 Low molecular weight glutenin subunit 24471/8.33 8
B4 Low molecular weight glutenin subunit 44688/8.80 8
B5 Low molecular weight glutenin subunit 44688/9.03 11
B6 S-type low molecular weight glutenin subunit 27/8.51 8
B7 Low molecular weight glutenin subunit 44654/9.04 11
B11l S-type low molecular weight glutenin subunit 727/8.51 7
c2 Low molecular weight glutenin subunit 44666/9.03 6
C4 Low molecular weight glutenin subunit Glu-A3 4378.99 13
C5 Low molecular weight glutenin subunit 31725/8.89 19
C6 Low molecular weight glutenin subunit 33853/9.03 12
Cc7 Low molecular weight glutenin subunit 33359/8.50 5
C8 Low molecular weight glutenin subunit GF-2 338808 14
El Low molecular weight glutenin subunit group ¥gd VI 23939/9.06 6
E2 Low molecular weight glutenin subunit 20001/8.33 7
E4 S-type low molecular weight glutenin subunit 27/8.51 12
E5 S-type low molecular weight glutenin subunit 27/8.51 11
E6 S-type low molecular weight glutenin subunit 27/8.51 6
E7 S-type low molecular weight glutenin subunit 27/8.51 8
E8 Low molecular weight glutenin subunit 33853/9.03 7
E9 Low molecular weight glutenin subunit 44654/9.04 6
E10 Low molecular weight glutenin subunit GF-2 368818 5
E1ll Low molecular weight glutenin subunit 4466610.0 14
F1 Low molecular weight glutenin subunit 34330/8.92 8
F2 Low molecular weight glutenin subunit 29905/8.55 10
F5 Low molecular weight glutenin subunit 20472/7.81 7
F6 S-type low molecular weight glutenin subunit 292 28920/8.52 4
F7 Low molecular weight glutenin subunit 34475/8.71 6
F8 Low molecular weight glutenin subunit 22987/8.35 13
F9 S-type low molecular weight glutenin subunit 23- 27777/8.51 5
F11 Low molecular weight glutenin subunit 44688(8.8 7
G1 Low molecular weight glutenin subunit 44666/9.03 8
G3 Low molecular weight glutenin subunit group $ge VI 44906/8.16 7
G9 Low molecular weight glutenin subunit 34549/8.65 11
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Table 4
Protein identification of the HMW-GS samples with theoretical molecudgghv

isolectric point and MOWSE score.

Spot No. Protein name Theoretical MW/Pl  score
Al Glutenin high molecular weight subunit 1990818.8 43
A2 Glutenin high molecular weight subunit 1990818.8 56
A3 Glutenin high molecular weight subunit 1990818.8 58
A4 Glutenin high molecular weight subunit 1990818.8 10
A6 HMW glutenin subunit 20730/5.15 13
A7 HMW glutenin subunit 20730/5.15 10
A9 Glutenin high molecular weight subunit 2097268.4 6
Al10 High molecular weight glutenin 44315/8.30 10
All1 High molecular weight glutenin subunit y 7616564 4
B1 HMW glutenin subunit 20730/5.15 7
B2 Glutenin high molecular weight subunit 19908%1.8 15
B3 HMW glutenin subunit 20730/5.15 12
D1 Glutenin high molecular weight subunit 19908%.8 29
D3 Glutenin high molecular weight subunit 19908%.8 60
D4 Glutenin high molecular weight subunit 1990871.8 19
D6 Glutenin high molecular weight subunit 2097268.4 5
D7 Glutenin high molecular weight subunit 2626767.6 7
D9 Glutenin high molecular weight subunit 1990871.8 11
D10 High molecular weight glutenin 44315/8.30 32
D11 Glutenin, low molecular weight subunit precurso 40994/9.04 11
El Glutenin high molecular weight subunit 19908%3.8 12
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Table 5.
Total protein difference calculated by the absorbance at 210 nm using total asethand

curve in the HPLC patterns

Total area under

Sample % increase
the curve

HMW -Stressed 244270450.3 18.7
HMW -Optimal 205797510.6 0

LMW -Stressed 297646540.7 38.7
LMW -Optimal 214636230.4 0
Gliadin-Stressed  383461152.9 54.7
Gliadin-Optimal 247895780.9 0
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Table 6.

HMW-GS Maximum absorbance calculated by peak height in RP-HPLC.

Encoding Gene  Subunit

Height
%Difference
Optimal  Stressed

HMW -GS 10
Glu-D1

HMW -GS 5

HMW -GS 9
Glu-B1

HMW -GS 7
Glu-Al HMW -GS 2*

406481.1 176010 -56.7

415808.9 648781.1 +56.0

558433.8 479057 -14.2

1074177 1152866 +7.3

N/A 371671.1  N/A
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Table 7.
Total protein difference calculated by the absorbance at 210 nm using total arethand

curve in the CZE patterns

Total area under

Sample % increase
the curve

HMW -Stressed 1236456 -50.3

HMW -Optimal 2486764 0

LMW -Stressed 4306952 4.5
