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Abstract Agarose gel electrophoresis has been used to separate
the complex mixture of wheat gluten polymers into fractions
ranging in M,, determined by dynamic light scattering, from
about 500000 to over 5x10°. The separation is reliable and
reproducible and well suited to the routine analysis of multiple
samples.
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1. Introduction

The gluten proteins of wheat are of immense importance in
the food industry as they confer unique biomechanical proper-
ties (a balance of elasticity and extensibility) that allow dough
to be processed into bread and other food products [1]. These
properties are determined largely by the glutenin group of
proteins, which form high M, polymers stabilised by inter-
chain disulphide bonds. These polymers have been described
as ‘nature’s largest polymers’ [2] and this size (estimated as
ranging up to 10X 10%), combined with their low solubility
even in strongly denaturing solvents, has hindered attempts
at detailed characterisation. Recent work has, therefore, fo-
cused on the application of novel approaches, such as field
flow fractionation, for separation [3,4] and photon correlation
spectroscopy for size determination [5]. Although the results
of these analyses are promising the instrumentation is not
widely available and it is unlikely that the approaches will
achieve widespread use. We therefore describe here a simple
system, based on agarose gel electrophoresis in the presence of
SDS [6]. This separates polymers of M, up to about 6 X 10°, as
determined by light scattering, providing a basis for routine
analyses (e.g. of polymer size distribution in relation to proc-
essing properties), as well as more detailed characterisation of
polymer structure. It may also be of wider use for separating
other protein polymers of similar dimensions.

2. Materials and methods

2.1. Protein extraction

Protein were extracted from milled grain by stirring for 12 h at
37°C with either 50% (v/v) aqueous propan-1-ol or 0.0125 M Tris-
HCI buffer, pH 8.5, containing 2% (w/v) SDS, precipitated by the
addition of 9 volumes of ice-cold acetone and collected by centrifu-
gation at 15000 rpm at 4°C. In some experiments, the meal was pre-
extracted to remove gliadins by stirring for 2X 30 min with 70% (v/v)
aqueous ethanol.
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2.2. Electrophoresis

Proteins were dissolved in Laemmli [7] sample buffer with (2% v/v)
2-mercaptoethanol and heated at 90°C for 3 min. Agarose gel electro-
phoresis was as described by Preobrazhensky [6] with minor modifi-
cations. Agarose (450 mg, Sigma Type II-A, medium EEO) was dis-
solved in 15 ml of electrode buffer (0.1 M boric acid, pH adjusted to
8.0 with solid Tris, containing 0.02 M EDTA and 0.1% (v/v) SDS),
and cast as a 2.5 mm thick slab using a Horizon 58 (Bethesda Re-
search Laboratories, Life Technologies) apparatus. Electrophoresis
was at 25 V for 10-12 h at 6°C. The gel was then stained with
Coomassie brilliant blue R250 in 40% (v/v) aqueous methanol con-
taining 10% (w/v) trichloroacetic acid or cut into slices. Protein was
extracted from slices by homogenisation with 150 pl of Laemmli
sample buffer followed by incubation at 30°C for 6 h. Proteins were
precipitated from the supernatant with 9 volumes of ice-cold acetone.
SDS-PAGE was carried out using a Laemmli [7] system.

2.3. Polymer size determination by dynamic light scattering

Fractions were eluted from agarose gels with 0.02 M Tris-HCI
buffer, pH 8.0, containing 4 M urea and filtered through a 0.1 um
Whatman Anotop filter. Molecular mass was determined using a Dy-
naPro-801 Molecular Sizing Instrument taking at least eight measure-
ments for each fraction. The scattered light intensity was measured
with an infrared semiconductor laser (780 nm). Photons scattered at
90° to the incident laser beam were collected by a lens and conducted
to an avalanche photodiode via an optical fibre, producing a single
pulse for each photon received. These were stored and correlated by
an integral computer. Experiments were run at 19.9+0.1°C.

The molecular weight was calculated from the measured transla-
tional diffusion coefficient, Dy, using the Stokes-Einstein equation [8]:

DT = kB T/6TCT]R],

where kp is the Boltzmann constant, 7 the absolute temperature, N
the viscosity of solution (taken as 1.225 for 4 M urea) and R), the
hydrodynamic radius. The diffusion coefficient measured at a single
concentration is an apparent one, D,,,, because of non-ideality effects
(finite volume and charge). These effects become small when the con-
centration approaches zero where the approximation is made that
Dr=D,,, and it is assumed that the effects are the same for the
calibration standards [9]. The molecular weight was estimated using
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Fig. 1. Agarose gel electrophoresis of gluten proteins extracted from
milled grain of wheat cv. Chinese Spring (A). The direction of mi-
gration is indicated. A gel separation similar to that shown in part
A was sliced into eight sections and the proteins extracted and re-
run on the same gel system (B).
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Fig. 2. SDS-PAGE of non-reduced (A) and reduced (B) proteins
separated by agarose gel electrophoresis of total proteins extracted
from milled grain of wheat cv. Chinese Spring with 2% (w/v) SDS.
The gel strip after electrophoresis was cut into 25 parts and the pro-
teins extracted for SDS-PAGE. t=total protein fraction applied to
agarose.

the relationship between R, and M, for a series of standard proteins
[10]. Two assumptions were made in the calculations, firstly, that the
protein polymers were approximately spherical in shape and secondly,
that the proteins had a constant density in relation to their size, in
order to calculate the mass from the molecular volume.

3. Results

3.1. Separation of glutenin polymers by agarose gel
electrophoresis

Although glutenin fractions contain some low M, polymers
and oligomers, most of the components are too large to enter
a conventional polyacrylamide gel. We therefore decided to
evaluate the agarose gel electrophoresis procedure which has
been used by Preobrazhensky [6] to separate proteins of M,
up to 1X 105, Preliminary analyses of standard high M, pro-
teins, such as thyroglobulin (M, 670 000), ferritin (M, 480 000)
and 7y-globulin (M, 150000) gave sharp bands after staining,
demonstrating the resolving power of the system. In contrast,
the non-reduced wheat glutenin fraction gave a continuous

Table 1

Estimated molecular weights of glutenin polymer fractions corre-

sponding to fractions 1-8 of Fig. 1A
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Fraction Ry, (nm) Polydisp (nm) M, X10°
1 22.6 12.5 56.3
2 19.6 10.9 39.7
3 16.6 8.1 26.3
4 13.0 7.2 14.7
5 12.4 6.9 12.9
6 9.5 53 6.9
7 10.2 5.7 8.2
8 9.3 52 6.6

band of staining with no clear resolution into bands (Fig.
1A). However, when the gel was cut into eight slices and
the protein extracted and separated a second time clear mobil-
ity differences were observed (Fig. 1B) demonstrating that the
polymeric components were separated on the basis of size.
The separation was not improved by altering the concentra-
tion of agarose or by using different protein extraction proce-
dures (50% (v/v) aqueous propan-1-ol or 2% (w/v) SDS), with
or without prior extraction of the gliadins.

In order to characterise the separation further, a total glu-
ten protein fraction from cv. Chinese Spring (extracted with
2% (wlv) SDS) was separated by agarose gel electrophoresis
and the gel sliced into 25 pieces and eluted. The proteins were
then separated by SDS-PAGE, either without reduction (Fig.
2A) or after reduction of disulphide bonds with 2-mercapto-
ethanol (Fig. 2B). This showed that fractions 1-15 consisted
mainly of polymers which, on reduction, gave both HMW
and LMW subunits of glutenin. Fractions 16-25 contained
increasing proportions of gliadins, mainly w-gliadins in frac-
tions 16-21 and y-type and o-type gliadins in fractions 23-25.
There was also some resolution of the glutenin polymers, with
early fractions (1-6) only barely migrating into the SDS-
PAGE gel when unreduced, while the later fractions (10-15)
migrated into the gel and separated into several bands. This
again confirmed that the agarose gel system separated glute-
nin polymers on the basis of M,.
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Fig. 3. Ry values determined for the different fractions with decreasing molecular weight corresponding to fractions 1-8 in Fig. 1. 1 (#); 2

(©0);3(a);4(@; 5 (@); 6 (m; 7(0)and 8 (2).
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3.2. Determination of polymer size by light scattering

The molecular weights of eight fractions, corresponding to
those shown in Fig. 1 were determined using dynamic light
scattering, from the average Ry values (Fig. 3). The results
(Table 1) show that the M,s of the polymers present in these
fractions decrease from about 5.6 10° in fraction 1 to about
6.6X10° in fraction 8. Table 1 also shows values for the
polydispersity of the fractions. These were high, which may
result from a combination of factors relating to the nature of
the polymers and to the assumptions made in the calculations.
In addition, although the results are calculated to give a single
M, value for each fraction, Fig. 1 shows that these fractions
can be expected to contain a continuous range of polymers
varying in their M, and dimensions. The binding of SDS to
the proteins and the presence of urea may also result in some
expansion due to charge repulsion and partial denaturation
and result in an over-estimation of the M.

Nevertheless, the dynamic light scattering results confirm
that the agarose gel electrophoresis procedure separates the
glutenin polymers on the basis of M, and indicates that they
have M;s ranging from about 500000 to over 5 million. It
therefore provides a simple method for the routine fractiona-
tion of glutenin and other high M, protein polymers.
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