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ABSTRACT

A method for the preparation of low molecular weight glutenin subunits
(LMW-GS) of bread wheat without contamination by high molecular
weight glutenin subunits (HMW-GS) or gliadins is described. Using a
simple protocol based on the selective precipitation by acetone, two frac-
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tions are obtained that correspond to HMW-GS and LMW-GS. The
protein fractions can be obtained either reduced or reduced and alkylated.
The protocol can be scaled up to obtain large quantities of LMW-GS.

Low molecular weight glutenin subunits (LMW-GS) are an
important but relatively little known class of wheat proteins
representing about 709 of glutenins and 20-309%, of total proteins
(Payne and Corfield 1979). They are polypeptides with a molecular
mass of less than 60,000 kDa containing glutenins, large polymers
linked by disulfide bonds or by noncovalent association between
LMW-GS and HMW-GS (see review by Melas et al 1993). The
first studies on glutenin subunits dealt almost exclusively with
HMW-GS. Payne et al (1979) demonstrated their allelic variation
and their technological importance. Studies on LMW-GS started
later when Jackson et al (1983) researched common wheats and
Autran and Berrier (1984) researched durum wheats. The impor-
tance of LMW-GS on dough quality has been shown only recently
(Gupta and Shepherd 1987, 1988; Gupta et al 1990a,b).

'Research supported by a grant from Commission of the European Communities,
ECLAIR programme, Contract AGRE 0052,

Laboratoire de Technologie des Céréales, INRA. 2 Place Viala 34060, Montpellier,
Cedex 1, France.

This article is in the public domain and not copyrightable. It may be freely
reprinted with customary crediting of the source. American Association of
Cereal Chemists, Inc., 1994,

234 CEREAL CHEMISTRY

There have been a few attempts to purify LMW-GS, but this
presented considerable difficulties because of the heterogeneous
and insoluble nature of LMW-GS and their strong tendency to
aggregate. Tatham et al (1987), encouraged by the work of Danno
et al (1978), tried to use the difference in solubility between LMW-
GS and HMW-GS in a 70% ethanol solution at different pH
levels to separate HMW-GS from the other proteins, but LMW-
GS remained contaminated by gliadins, albumins, and globulins.
Wieser et al (1989) used a similar approach and managed to partly
solubilize LMW-GS in a 709% ethanol solution at pH 7.6. Marchylo
et al (1989) used still another procedure for the separation of
HMW-GS by precipitation with 60% propanol, but LMW-GS
remained contaminated by gliadins in the supernatant. Burnouf
and Bietz (1984) took advantage of the hydrophobic tendencies
of LMW-GS to separate them from HMW-GS with reversed-
phase high-performance liquid chromatography (RP-HPLC), but
they were only able to obtain very small quantities of purified
proteins.

The method proposed in this study is based on the selective
precipitation of LMW-GS by acetone and has the advantage of
being simple and quick. Large quantities of the protein fraction
corresponding to all LMW-GS in either a reduced or a reduced
and alkylated state can be obtained.



MATERIAL AND METHODS

Extraction and Fractionation of Proteins

Proteins were extracted following the protocol established by
Singh et al (1991) using ground grains and flour from two French
wheat cultivars, Andain and Davidoc (11.6 and 11.8% protein,
respectively).

Extraction solution A was 50% (v/v) isopropanol; solution B
was 50% (v/v) isopropanol containing 0.08 M Tris-HCI buffer,
pH 8.0, without removing oxygen.

A 60°C oven was used for extraction, reduction, and alkylation.
Albumin, globulin, and gliadin fractions were eliminated by sus-
pending 300 mg of ground flour in 15 ml of solution A. Extraction
lasted 30 min, with one agitation of the tubes (Heidolph vortex
agitator) after 15 min. After centrifugation (5 min, 40,000 X g,
20°C), the supernatant was removed. Using a spatula and agitator,
the residue was resuspended in 15 ml of solution A. Extraction
was repeated as before, and the supernatant was removed. The
residue was given a final wash in 7.5 ml of solution A.

The glutenins were extracted from the last residue (R) obtained.
For the preparation of reduced and alkylated proteins, the residue
(R) was resuspended in 1.5 ml of solution B containing 1% (w/v)
dithioerythritol. After 30 min of reduction at 60°C and 5 min
of centrifugation (40,000 X g, 20°C), the supernatant was re-
covered; 1.5 ml of solution B containing 1.4% 4-vinylpyridin was
added. The supernatant (R-A) was recovered after 30 min of
alkylation at 60°C and centrifugation (40,000 X g, 20°C).

For the preparation of reduced fractions, the residue (R) was
resuspended in 1.5 ml of solution B containing 1% (w/v) dithio-
erythritol. After 30 min of reduction at 60°C and 5 min of cen-
trifugation (40,000 X g, 20°C), the supernatant (R-NA) was re-
covered; 1.5 ml of solution B was added.

Pure acetone (2 ml) was added to the 3 ml of supernatant
(R-A and R-NA) to give a final concentration of 40% (v/v). After
a 10-min rest at 20°C and 5 min of centrifugation (40,000 X g,
20°C), a first residue composed mainly of HMW-GS subunits
was recovered. The concentration of the supernatant (5 ml) was
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then increased to 80% (v/v) acetone by adding 10 ml of pure
acetone. After 5 min of centrifugation (40,000 X g, 20°C), a second
residue was obtained containing uniquely LMW-GS.

Electrophoresis

The acetone precipitates were dried and resuspended in 500
ul of the extraction solution (Tris/ HCl 0.06 M, pH 6.8, sodium
dodecyl sulfate 20, 2-mercaptoethanol 5%). The resulting solution
(5 ul) was loaded on top of a 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) according to Gupta
and MacRitchie (1991). Migration lasted 3 hr at an intensity of
20 mA per gel (140 X 115X 0.75 mm) at 18°C. Gels were stained
with Coomassie Brilliant Blue R250 (0.05% in 12%, w/ v, trichloro-
acetic acid solution) and destained with 109 trichloroacetic acid
solution according to Chrambach et al (1967).

Densitometric Analysis

After coloring and drying the gel, the electrophoretic diagrams
were analyzed using an Ultroscan 2202 laser densitometer (LKB,
Bromma, Sweden).

Data were acquired and processed to determine the percentages
of the different fractions (LMW-GS, HMW-GS) using Spectra
Station software (Spectra-Physics USA, San Jose, CA).

Nitrogen Determination

The amount of nitrogen in flour was determined using the
Kjeldahl method in duplicate. Protein content was calculated using
the conversion coefficient of 5.7. The amount of glutenin extracted
and acetone precipitated was measured by weighing the dry
residue. Because Tris was used for protein extraction (solution
B), no nitrogen determination could be performed on the extracts
and precipitates by acetone.

Amino Acid Composition

Proteins were hydrolyzed by 6N hydrochloric acid (1 ml of
acid per milligram of protein) for 48 hr at 112°C.

Amino acids were separated on a Dionex DC-6A cation
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Fig. 1. Percentage of densitogram area representing high molecular weight glutenin subunits (HMW-GS) and low molecular weight glutenin subunits
(LMW-GS) against the quantity of acetone added at 20°C. Proteins (0.4 mg) were precipitated by acetone concentrations of 20-80%. Contact

time between acetone and glutenin extract was fixed at 1, 10, 30, and 60 min,
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exchange column according to the Moore and Stein (1954) method
with modifications (Benson et al 1967, Benson 1972).

RESULTS AND DISCUSSION

Precipitation by adding pure acetone was used previously to
recuperate protein fractions from a solution (Scopes 1987,
Dachkevitch 1989). During preliminary experiments, it was ob-
served that all LMW-GS and HMW-GS subunits were precipi-
tated at acetone concentrations equal to or greater than 80%
(v/v). There was only partial precipitation at weaker concentra-
tions, and the respective proportions of LMW-GS and HMW-
GS subunits in the precipitate varied significantly according to
the acetone concentration used. Therefore, we analyzed the effect
of various test parameters such as increasing concentrations of
acetone, contact time, temperature, and sample size to find an
optimal method for the complete separation of LMW-GS and
HMW-GS subunits.

Effect of Acetone Percentage on the Precipitation
of Different Glutenin Subunits

The soluble properties of LMW-GS and HMW-GS were studied
according to the percentage of acetone used as a precipitation
agent. For this, equal volumes of reduced and alkylated (R-A),
or reduced only (R-NA), supernatants were placed in a series
of seven tubes. Acetone was added to give concentrations of 20,
30, 40, 50, 60, 70, and 80%. After 10 min of rest at 20°C and
centrifugation (40,000 X g, 20°C), the different precipitates were
resuspended in the extraction solution Tris-HCI-SDS-2-ME (0.4
mg per 100ul) and analyzed by SDS-PAGE. Acetone was added
to the supernatants to achieve an 80% concentration to precipitate
all the proteins. The precipitates were analyzed by electrophoresis
as described above. The quantitative composition of LMW-GS
and HMW-GS in fractions separated using different concentra-
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Fig. 2. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (10%
acrylamide) of high molecular weight glutenin subunits (HMW-GS) and
low molecular weight glutenin subunits (LMW-GS). Reduced (lanes 1
and 2) and reduced and alkylated (lanes 3 and 4) fractions precipitated
by a 40% acetone concentration (lanes 1 and 3). Supernatants made up
to 80% acetone (lanes 2 and 4). Fractions 1 and 3 = HMW-GS. Fractions
2 and 4 = LMW-GS. Aliquots of 5 ul (15 ug for a), and 10 ul (30 ug
for b). 15 ug of Andain glutenin control extract (C) was also loaded.
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tions of acetone was determined by electrophoregram densitom-
etry. Figure 1 shows the influence of acetone concentration on
LMW-GS and HMW-GS fractions recovered in the different pre-
cipitates obtained from an R-A extract. Compared to the initial
extract, which before acetone precipitation contained 20% HMW-
GS and 80% LMW-GS, Figure 1 shows that the proportion of
HMW-GS in the precipitates increases to a maximum value at
40% acetone, after which it decreases. The opposite is true for
LMW-GS, where proportion decreases in the precipitates to
achieve a minimum value at 409% acetone, after which it increases
to reach 80% acetone, a value equivalent to that of the initial
extract. It is thus a priori that a 409 acetone concentration gives
the best separation of LMW-GS and HMW-GS subunits.

Effect of Contact Time and Temperature

The effect of contact time on extract (R-A) precipitation was
tested for times between 1 and 60 min., These results are also
shown in Figure 1. The behavior of glutenin subunits according
to the acetone percentage did not change. In particular, no
significant change was observed at over 10 min of contact time.

Test were performed at two different temperatures, 20 and 0°C.
At 0°C (results not shown), the acetone concentration for maxi-
mum solubility of LMW-GS was 30%, versus 40% at 20°C. This
indicates that when the temperature varies, the interaction of
proteins with their solvent differs. However at 0°C, the difference
in solubility between LMW-GS and HMW-GS was rapidly
reduced by an increase in contact time. Because the differences
in solubility between LMW-GS and HMW-GS were less at 0°C
than they were at 20°C, the last temperature was used in the
protocol.

Effect of Successively Increasing Concentrations of Acetone

In another series of experiments, a propanol extract was precipi-
tated by a 20% acetone concentration. After the precipitate had
been recovered, the supernatant was made up to a concentration
of 30% acetone and then successively increased by 10% (using
a rest time of 10 min) until it reached a concentration of 80%.
All the precipitates and supernatants were then analyzed by SDS-
PAGE to determine the respective proportions of LMW-GS and
HMW-GS (results not shown).

The HMW-GS were no longer present in the supernatant at
acetone concentrations higher than 50%, whether the series of
precipitations were performed at 20 or 0°C. By contrast, LMW-GS
appeared in precipitates obtained from acetone concentrations
of 20-70%. No glutenin subunit appeared in supernatants obtained
above 70% acetone. The LMW-GS was thus totally free of HMW-GS
in the precipitates obtained from 60% acetone concentrations.

TABLE I
Amino Acid (mol%) Composition of Reduced Fractions
Precipitated with 409 Acetone"

Amino Fraction

Acid lb 2¢ 34 4
Asp 1.9 1.69 1.2-1.9 0.7-1.5
Thr 3.33 3.77 3.0-3.7 1.8-2.9
Ser 6.82 6.43 7.0-8.7 8.0-9.5
Glu 31.3 35.33 31.0-34.5 38-41.9
Pro 11.46 16.76 10.8-12.8 14.0-16.2
Gly 17.15 3.63 17.5-21.4 2.3-3.2
Ala 4.78 3.51 3.0-3.8 1.7-2.3
Val 4.92 5.08 1.9-2.9 3.8-5.0
Ile 1.57 4.69 1.0-1.9 3.6-4.4
Leu 5.25 7.84 3.7-4.9 5.3-7.5
Tyr 3.71 1.64 4,1-6.5 1.0-1.6
Phe 1.37 4.45 0.9-1.8 3.8-5.5
Lys 1.68 1.02 0.9-1.4 0.2-0.6
His 1.24 2.39 0.7-1.6 1.3-1.8
Arg 2.23 1.77 1.5-2.3 1.5-2.1

*Cys, Met, and Trp residues not determined.

"High molecular weight glutenin subunits (HMW-GS).

“Low molecular weight glutenin subunits (LMW-GS).

¢ Average composition of amino acids for HMW-GS (Moonen et al 1985).
¢ Average composition of amino acids for LMW-GS (Wieser et al 1990).



Furthermore, partial separation was observed between LMW-GS
types B and C. The B subunits were totally precipitated from
60% acetone concentrations (the 60% acetone supernatant con-
taining only C subunits); C subunits were still present in the 70%
acetone precipitate. This series of precipitations confirms that
the optimal acetone concentrations for selective precipitation of
HMW-GS to achieve maximum recovery of pure LMW-GS are,
respectively, 40 and 80%.

Preparation of Larger Quantities of LMW-GS

Having established a protocol for producing pure LMW-GS,
it was necessary to verify whether the differences in solubility
of the subunits would also apply on a scale capable of producing
large quantities of pure LMW-GS.

An extraction was investigated with 4 g of Andain flour. Pre-
cipitation of glutenin subunits, reduced and alkylated using a
409 acetone solution, produced a 100-mg fraction containing
mostly HMW-GS. A second precipitation at 80% acetone produced
a 100-mg fraction containing pure LMW-GS, as revealed by SDS-
PAGE electrophoregram (Fig. 2). What is more, the amino acid
composition of reduced proteins (Table I) indicates that the 40%
acetone precipitates, and those followed by 80% acetone pre-
cipitates, have an amino acid composition characteristic of HMW-
GS and LMW-GS, respectively.

Physico-Chemical Base of Selective Acetone Precipitation

The selective precipitation of LMW-GS and HMW-GS by
acetone is probably caused by differences in their molecular mass.
According to Scopes (1987), the higher the molecular mass, the
lower the percentage of acetone needed for precipitation. In
principle, the acetone acts by reducing the activity of water,
enabling electrostatic and Van der Waals forces to play their
role. Our results might be explained by assuming that the larger
the molecule size, the greater the chance that the surface will
be charged, and therefore, the greater the chance of aggregation.
It is also possible that the hydrophobic differences between the
LMW-GS and HMW-GS subunits (as defined by the RP-HPLC
elution order) helps to explain differences in their solubility in
an organic solvent.

CONCLUSIONS

A protocol for the preparation of large quantities of reduced
and alkylated LMW-GS has been established. A 3-hr process
using extraction, agitation, and centrifugation produced 100 mg
of 99% pure (as determined by densitometry) LMW-GS from
4 g of flour. Similar results have been obtained using reduced
and nonalkylated glutenins.

A segregation between LMW-GS and HMW-GS was observed.
LMW-GS fractions obtained from different varieties could be
used in reconstitution experiments. For example, based on the
possibility of reversible reduction-oxidation, as already shown
by Békés et al (1992), the influence of different glutenin allelic
types on the formation and protein complex properties of the
dough could be determined.

The acetone method of precipitation can also be used as a
prepurification step before fractionation of LMW-GS.
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