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ABSTRACT Cereal Chem. 71(3):234-237 

A method for the preparation oflow 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-

Low molecular weight glutenin subunits (LMW-GS) are an 
important but relatively little known class of wheat proteins 
representing about 70% of glutenins and 20-30% 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 ex.elusively 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). 
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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. 

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 70% 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 LM'V-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 
corre~ponding 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 0.08M Tris-HCI buffer, 
pH 8.0, without removing oxygen. 

A 60° Coven 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 resjdue 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 I% (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 IO-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 JO 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 

µI of the extraction solution (Tris/HCI 0.06M, pH 6.8, sodium 
dodecyl sulfate 2%, 2-mercaptoethanol 5%). The resulting solution 
(5 µI) was loaded on top of a IO% sodium dodecyl sulfate poly
acrylaniide gel electrophoresis (SOS-PAGE) according to Gupta 
and MacRitchie ( 1991 ). Migration lasted 3 hr at an intensity of . 
20 mA per gel (140 X 115 X 0.75 mm) at 18°C. Gels were stained 
with Coomassie Brilliant Blue R250(0.05%in12%, w/v, trichloro
acetic acid solution) and destained with IO% 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. I. 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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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 
40% acetone solution, produced a 100-mg fraction containing 
mostly HMW-GS. A second precipitation at 80% acetone produced 
a 100-mgfraction 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 Bekes 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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