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Composition of High-Molecular-Weight Glutenin Subunit Dimers Formed
by Partial Reduction of Residue Glutenin'

WILLIAM E. WERNER,>® A. ELVA ADALSTEINS,? and DONALD D. KASARDA>*

ABSTRACT

Partial reduction of residue (glutenin) proteins remaining after extrac-
tion of flour with sodium dodecyl sulfate (SDS) solution produced soluble
monomers, dimers, and possibly trimers of high-molecular-weight glutenin
subunits (HMW-GS) and monomers of low-molecular-weight glutenin
subunits as indicated by SDS-polyacrylamide gel electrophoresis (PAGE).
The partially reduced proteins were soluble in the dithiothreitol-Tris buffer
(pH 8.5), lacking SDS, that was used to reduce the residue proteins.
The disulfide-linked subunits in the dimers were analyzed by two-dimen-
sional SDS-PAGE with reducing agent present only in the second
dimension. The two-dimensional analyses indicated that pairs consisting
of an x-type and a y-type HMW-GS predominated in the dimers produced
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at low levels of reducing agent (for example, 0.5 mM dithiothreitol).
Dimers composed only of x-types were sometimes observed, particularly
at higher levels of reducing agent. No dimers combining only y-type HM W-
GS were noted. The faster SDS-PAGE mobilities of y-type monomers
relative to the mobilities of the equivalent, completely reduced forms
indicated a more compact structure for the partially reduced forms, pre-
sumably due to the presence of at least one intramolecular disulfide bond.
The intramolecular disulfide bonds of the y-type HMW-GS monomers
and the combinations of HMW-GS in the dimers of HMW-GS are likely
to reflect arrangements found in native glutenin.

The glutenin fraction of wheat (7riticum aestivum) storage pro-
teins is an essential contributor to the viscoelastic properties of
wheat flour doughs (Wall 1979). Some years ago it was recognized
that the addition of reducing or sulfhydryl reagents caused the
breakdown of dough structure through loss of dough elasticity
(Pence and Olcott 1952, Mecham et al 1963). These observations
led to the hypothesis that intermolecular disulfide bonds are essen-
tial to the viscoelastic properties of doughs, which became the
foundation for models developed to account for the viscoelastic
and gas-holding capabilities of doughs (Ewart 1968, 1990; Khan
and Bushuk 1979; Graveland et al 1985). It is now generally
accepted that glutenin protein subunits are joined by intermol-
ecular disulfide bonds to form high-molecular-weight complex
molecules, which we shall also refer to as glutenin polymers. These
polymers are of various sizes, depending on the number of subunits
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incorporated into a given molecule, which may range from just
two to many subunits (Kasarda 1989). The molecular masses of
glutenin polymers range from about 80,000 Da (80 kDa) up to
several million daltons (although the upper range is not well
defined).

Glutenin polymers are constructed of two main types of sub-
units, which were originally classified according to their electro-
phoretic mobilities in sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) under fully reduced conditions
(Payne and Corfield 1979). The subunits with the slowest mobili-
ties are often referred to as the high-molecular-weight glutenin
subunits (HWM-GS) and the group with faster mobilities as the
low-molecular-weight glutenin subunits (LMW-GS). Extensive
genetic and biochemical analysis of wheat varieties has revealed
the presence of approximately 20 distinct proteins that migrate
in the HMW-GS region (Lawrence and Shepherd 1980, Payne
etal 1981a, Shewry et al 1989). Many of these proteins are products
of allelic genes, and normally not more than five HMW-GS are
expressed in a given cultivar.

The genes coding for HMW-GS have been mapped (Bietz et al
1975) to the long arms of the homoeologous group 1 chromosomes
(1A, 1B, and 1D), where pairs of linked genes on each chromosome
potentially code for two distinct proteins. These two different
proteins are designated x-type and y-type on the basis of com-
positional and structural differences (Payne et al 1981b, Shewry
et al 1989). In any given wheat variety, the 1A chromosome ex-
presses either one (x-type) or no HMW subunit, the 1B chrom-
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osome expresses either one (x-type) or two (one x- and one
y-type) HMW subunits, and the 1D chromosome almost always
expresses two HMW subunits (one x-type and one y-type). The
allelic variation within the HMW-GS has been found to correlate
significantly with differences in bread-making quality of wheat
varieties (Payne et al 1981a, Payne 1987); for example, the pair
of HMW glutenin subunits 1Dx5 and 1Dy10 correlates with good
quality, and the allelic equivalent pair 1Dx2 and 1Dy12 correlates
with poor quality.

The very large sizes of most glutenin polymers make the com-
plete solubilization of native glutenin extremely difficult. Never-
theless, solvents containing SDS or acetic acid have been shown
to extract much of the native (unreduced) glutenin (Bietz and
Wall 1975, Field et al 1983, He and Hoseney 1991). Gel permeation
chromatography has been used extensively to fractionate soluble
glutenin polymers (Payne and Corfield 1979; Graveland et al 1982,
1985; Field et al 1983). When the various fractions were sampled
and analyzed by electrophoresis under reducing conditions, most
contained both HMW- and LMW-GS, but the lowest molecular-
weight range or fractions soluble in 70% ethanol contained only
LMW-GS. Earlier studies involving electrophoretic analysis of
partially reduced glutenin demonstrated the existence of dimers
(Lawrence and Payne 1983, Graveland et al 1985), and perhaps
trimers (Graveland et al 1985), consisting solely of HMW-GS.
Additionally, a HMW-GS (x-type), derived from a cloned gene
expressed in bacteria, polymerized into disulfide-linked oligomers
as indicated by SDS-PAGE patterns (Galili 1989).

In this study, SDS-PAGE was employed to characterize par-
tially reduced glutenin to obtain additional information about
the subunit and disulfide arrangements of native glutenin. Both
one- and two-dimensional (unreduced versus reduced) SDS-
PAGE were used to show the presence of HMW-GS dimers and
possibly trimers in partially reduced glutenin and to show the
subunit composition of the dimers. Furthermore, information
about the presence of intramolecular disulfide bonds in HMW-
GS monomers was inferred from the differences in mobility be-
tween partially and fully reduced monomers of HMW-GS.

MATERIALS AND METHODS

Wheat Cultivars and Lines

Grain of the wheat cultivars Yecora Rojo (good baking quality),
lot CWC-141, and Anza (poor baking quality), lot CWC-150,
was obtained from the California Wheat Commission. Chinese
Spring was supplied by J. G. Waines, University of California,
Riverside, and increased by C. O. Qualset and H. Vogt, University
of California, Davis. These varieties possess different com-
binations of HMW subunits: 1, 5, 17, 18, and 10 for Yecora
Rojo and 2, 7, 8, and 12 for Anza and Chinese Spring (using
the numbering system of Payne et al [1984]). Subunit 1 is coded
by a gene on chromosome 1A (1Ax1); subunits 5+10 are allelic
with subunits 2+12 and are coded on chromosome 1D; and
subunits 17418 are allelic with subunits 7+8 and are coded on
chromosome 1B.

The grain was milled into flour with a Brabender Quadrumat
Senior mill and the endosperm fraction (white flour) was used
for electrophoretic analysis. The Yecora Rojo flour had 11.0%
protein; the Anza flour had 10.0% protein; and the Chinese Spring
flour had 11.1%, on an “as is” basis by Kjeldahl nitrogen analysis
(N X 5.7).

The aneuploid lines of Chinese Spring used for analysis of
potential disulfide bond recombinations were nullisomic-tetra-
somics (n-t) in which a particular chromosome was missing and
was compensated for by two extra doses of a homoeologous
chromosome (Sears 1954). In this study, lines n1B-t1A and n1D-
t1B were used. For protein extractions of the n-t materials, whole
grain was folded in glassine paper, crushed with a hammer, placed
in a microfuge tube, and extracted with added solvent.

Partial Reduction
In a typical experiment, 1 g of flour was gently stirred for
45 min with 40 ml of Buffer A (50 mM Tris-HC], pH 8.5, 2%
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SDS). The residue was collected by centrifugation (14,000 X g),
washed once with a 20-ml portion of water and twice with 20-
ml portions of Buffer B (50 mM Tris-HCl, pH 8.5, no SDS).
The residue proteins from an SDS extraction consist almost
entirely of glutenin subunits (Graveland et al 1982). For partial
reductions, the washed residue (usually from 1 g of flour) was
resuspended in 5-10 ml of Buffer B containing various con-
centrations of dithiothreitol (DTT) and agitated gently overnight
on a rotating platform. In a few experiments, more vigorous
agitation or magnetic stirring of the residue was performed. A
time course for partial reduction was also studied. After partial
reduction, the supernatant was clarified by centrifugation at about
14,000 X g and used as is for electrophoretic analysis. Samples
were sometimes mixed with 2% SDS before electrophoretic
analysis; this did not appear to affect the electrophoretic patterns.

Partial reduction of protein from nullisomic-tetrasomic lines.
For the experiment with the n-t lines, the procedure was similar
to that described above except that whole grain was used rather
than flour; 400 mg of n1B-t1A was ground together with a 200-
mg portion of nl1D-tIB grain, extracted with 10 ml of Buffer
A, and washed with 10-ml portions of water and Buffer B. The
residue was then partially reduced with 2 ml of 0.6 mAM DTT
for electrophoresis as described above.

Effect of extractant volume on dimer concentration. To study
the effect of protein concentration in the supernatant solution
on the amount of dimers produced by partial reduction of residue,
equal portions of washed residue were treated with different vol-
umes of buffer over a 15-fold range, all 0.6 mM in DTT. The
relative amounts of protein present in the supernatant solutions
(which increased as volume of reductant solution decreased) were
estimated by measuring the absorbance at 276 nm. No correction
was made for the absorbance of oxidized DTT, which should
be constant. :

Electrophoresis

Electrophoresis was performed as a modification of the method
of Laemmli (1970). The Protean I apparatus (Bio-Rad, Richmond,
CA) operated at constant current (25 mA per 0.75 mm of gel)
was employed in this study. The stacking gel was 3.8% acrylamide
monomer that included 1.35% bis-acrylamide cross-linker, and
the separating gel was 12% acrylamide monomer that included
1.35% bis-acrylamide cross-linker and 129 glycerol. The glycerol
increased the density of the solution, thereby allowing the stacking
gel to be poured on top of the running gel before polymerization
of the acrylamide. Sample solutions that did not contain SDS
were mixed with about a one-third volume of 2% SDS for loading
on gels. After electrophoresis, the gels were stained overnight
with 0.05% Coomassie Brilliant Blue R-250 (Sigma, St. Louis,
MO) in 5% ethanol and 6% trichloroacetic acid or by the method
of Neuhoff et al (1988), in which colloidal Coomassie Brilliant
Blue G-250 (Sigma) was used (without the fixation step). To obtain
alarger pore size that might resolve oligomers greater than trimers,
SDS-PAGE was also performed with 9 and 10% acrylamide gels
and proportionately less bis-acrylamide. SDS-PAGE gel cali-
bration for determination of molecular weights was done with
the following standards: myosin (mol wt 205,000), B-galactosidase
(mol wt 116,000), bovine serum albumin (mol wt 66,000), oval-
bumin (mol wt 45,000), carbonic anhydrase (mol wt 29,000), and
cytochrome C (mol wt 13,000).

A video densitometer (Bio-Rad) was used in the transmittance
mode to quantify the relative amounts of HMW dimers, HMW
monomers, and LMW monomers in each of the stained gels
relative to one another. In addition, the absolute areas under
the complete set of dimer peaks and the complete set of monomer
peaks were determined.

Two-dimensional gel electrophoresis. For two-dimensional gels,
the partially reduced glutenin was loaded onto a 129% gel in the
absence of 2-mercaptoethanol and subjected to electrophoresis
(first dimension). Next, a lane was cut from the gel and equilibrated
with a buffer containing 5% 2-mercaptoethanol for 15 min. The
gel slice was then laid on top of another 12% gel, and the second
dimension was subjected to electrophoresis. In some experiments,






