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ABSTRACT

Comparison of the solubility and the electrophoretic characteristics
of sulfur-rich (chloroform/ methanol-soluble) proteins of durum and bread
wheats showed considerable differences. Most of these proteins were
readily extracted from bread wheat with the albumin-globulin fraction,
whereas only some of them were extracted from durum wheat under
similar conditions. The remaining sulfur-rich protein fraction of durum
wheat could be separated from the other glutenin components with Na-

Cereal Chem. 68(1):1-6

tetradecanoate. In bread wheat, some of the sulfur-rich proteins became
bound to other gluten components during dough formation, probably
through hydrophobic interactions. They were extracted from gluten partly
with the gliadin and partly with the glutenin fraction. Results suggested
that these proteins, as part of the gluten network, may have a functional
role in the formation of dough.

A highly significant correlation was found between the cooking
quality of durum wheat pasta and the sulfhydryl (-SH) plus
disulfide (S-S) contents of DSG proteins (durum wheat, sulfur-
rich glutenins) (Kobrehel and Alary 1989a). These proteins are
composed of two fractions, DSG-1 and DSG-2, with molecular
masses of 14.1and 17.1 kilodaltons, respectively, determined using
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (Kobrehel et al 1988, Kobrehel and Alary 1989b). They
were extracted from semolinas of durum wheats ( Triticum durum
Desf.), using low concentrations of Na-tetradecanoate, subsequent
to the extraction of albumins, globulins, and gliadins. The N-
terminal amino acid sequences of DSG-1 and DSG-2 (Kobrehel
and Alary 1989b) were found to be similar to the N-terminal
amino acid sequences of the CM proteins (chloroform/methanol-
soluble) CM16 and CM3, respectively (Barber et al 1986, Shewry
et al 1984), suggesting identity between these proteins. The char-
acterization of acDNA encoding the DSG-1 gave further evidence
that the DSG and the CM proteins belong to the same family
(Gautier et al 1989, 1990).

The CM proteins of bread wheat are readily extracted with
salt solutions (Paz-Ares et al 1983, Barber et al 1986), whereas
the DSG proteins are much less soluble under these conditions
(Kobrehel et al 1988). It seems that CM3 and CM16 are com-
ponents of tetrameric a-amylase inhibitors (Garcia-Olmedo et al
1987). No functional properties have been detected for the CM
proteins by technological methods currently in use.

On the other hand, the importance of ~SH groups and/or S-S
bonds in the functional properties of bread wheat (Triticum
aestivum L.) proteins has been reported by many authors (Sullivan
1963, Stevens 1966, Lee and Lai 1967, Tsen and Bushuk 1969,
Huebner et al 1977, Archer 1979, Ewart 1988). However, these
studies were not performed on isolated protein fractions, and,
in general, investigations concerning the molecular basis of baking
quality have focused mostly on gliadins and glutenins.

On the basis of previous research on the functional properties
of DSG proteins in durum wheat pasta products, it can be
hypothesized that sulfur-rich CM (DSG-type) proteins may play
a functional role in the quality of bread wheat. We compared
the conditions for extraction and some other characteristics of
DSG proteins in durum and bread wheats and made some pre-
liminary investigations on the possible functional role of proteins
in bread wheat. The first results of these studies are presented
in this paper.
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MATERIALS AND METHODS

Wheat Samples
Durum wheat semolina of cultivars Mondur and Kidur and
bread wheat flour of cultivars Talent and Hardi were used.

Preparation of Gluten

Wet gluten was prepared from durum wheat semolina or from
bread wheat flour by the hand washing procedure (Mauze et
al 1972), except that distilled water was used for washing instead
of tap or salted water.

Extraction of Proteins

From both semolina and flour, albumins plus globulins and
gliadins were extracted sequentially with 0.5M NaCl and 68%
(v/v) ethanol under the conditions described by Alary and
Kobrehel (1987). For 1 g of semolina or flour, 10 ml of solvent
was used. Two glutenin fractions (Glu-1 and Glu-2) were extracted
sequentially from the residues, Glu-1 with 3.75 mg and Glu-2
with 80 mg of Na-tetradecanoate for the initial amount of 1 g
of semolina or flour. All extractions were for 15 hr at 4°C, and
the supernatents were recovered by centrifugation at 38,000 X
g for 30 min at 4°C. From gluten, the sequential extraction of
proteins started with the extraction of gliadins. All the experi-
mental conditions were as for semolina and flour.

Column Chromatography of Proteins

Protein extracts were separated by molecular sieving chroma-
tography on Biogel P-30, mesh size 100-200 (Bio-Rad Labora-
tories). The column (2.5 X 100 cm, packed height of 98 cm)
was equilibrated with 0.05M acetic acid. About 50 mg of freeze-
dried protein was dissolved in 0.05M acetic acid, filtered through
a folded filter (Macherey-Nagel 7131) and applied to the column.
Filtration was performed only in the case of the glutenin fractions.
The flow rate was 25 ml/hr, the eluate was monitored at 280
nm, and fractions of 5 ml were collected. The chromatographic
separations were carried out at room temperature,

Electrophoresis of Proteins

Proteins were analyzed either after reduction or without re-
duction using SDS-PAGE as described by Payne and Corfield
(1979). Two-dimensional electrophoresis, isoelectric focusing
(IEF) X SDS-PAGE, was performed as described by O’Farrell
(1975). For the IEF separations, a gradient from pH 4 to 9 was
used.

Determination of -SH Plus S-S Content

The sulfhydryl plus disulfide contents of the protein fractions
were determined amperometrically under the conditions described
by Alary and Kobrehel (1987).
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Determination of Protein Content
A semiautomatic Kjeldahl method was used as described by
Feillet (1967). Protein content was calculated as N X 5.7.

RESULTS AND DISCUSSION

Sulfhydryl Plus Disulfide Content of the Protein Fractions

The -SH plus S-S content of the protein fractions of bread
wheat, with the exception of Glu-1 (glutenin fraction extracted
using a small amount of Na-tetradecanoate), was considerably
higher than in the corresponding protein fractions of durum wheat
(Table I). For the sequential extraction conditions used, Glu-1
of durum wheat contained sulfur-rich proteins. In bread wheat,
however, the ~-SH plus S-S content was higher in glutenin fractions
extracted with larger amounts of Na-tetradecanoate (Glu-2) than
in Glu-1.

Electrophoretic Composition of Sequentially Extracted Proteins

As shown in Figure 1, in agreement with earlier results (Kobre-
hel et al 1988), Glu-1 extracted from durum wheat semolina was
composed mostly of DSG (=CM) proteins. The composition of
Glu-1 obtained from bread wheat flour was considerably different.
Unlike durum wheat, sulfur-rich (CM-type) proteins were not
extracted from bread wheat with the Glu-1 fraction, showing that
these proteins of bread wheat and of durum wheat have different
solubility properties. The absence of CM proteins in the bread
wheat Glu-1 fraction suggests different types of interactions with
other protein and/or nonprotein components of the flour than
those that occur in durum wheat semolina.

1 2 3 L 5 6 7 8 g 1w 1 12

Fig. 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of
sequentially extracted protein fractions from durum wheat cultivar
Mondur (slots 1, 4, 7, and 10) and from bread wheat cultivar Talent
(all the other slots). For slots 1-6, proteins were not reduced, and for
slots 7-12, proteins were reduced before electrophoresis. Extractions were
performed with 0.5M NaCl (2 and 8), 68% ethanol (3 and 9), 3.75 mg
of Na-tetradecanoate (1, 4, 5, 7, 10, and 11), and 80 mg of Na-tetra-
decanoate (6 and 12). Origin at bottom of figure.

When the proteins of Glu-1 were not reduced, only traces of
bands with mobilities similar to those of DSG proteins were
observed. The major protein band in that area had an intermediate
mobility compared with the mobilities of DSG-1 and DSG-2.
In bread wheat, the electrophoretic pattern of low molecular
weight proteins in Glu-2 was similar to Glu-1, although the relative
intensity of one major band was higher in Glu-2 than in Glu-1.
In durum wheat semolina, the -SH plus S-S content was much
higher in proteins with lower molecular weight than in proteins
with higher molecular weight (Kobrehel et al 1988). In the Glu-
1 fraction of bread wheat, the proportion of low molecular weight
proteins was much lower than in durum wheat, as judged by
the intensity of electrophoretic bands, which would explain the
lower —SH plus S-S content of this fraction.

Electrophoresis of reduced proteins showed that in the glutenin
fractions extracted from bread wheat, there was no band with
the mobility of DSG-2. In both extracts (Glu-1 and Glu-2), the
major low molecular weight protein had an intermediate mobility
compared with the mobilities of DSG proteins, and only a trace
of a band was present with mobility similar to DSG-1. In contrast
to Glu-1 and Glu-2, the albumin-plus-globulins fraction extracted
from bread wheat contained proteins having the mobility of DSG
proteins. This is in agreement with the results reported in the
literature that CM proteins from bread wheat and from other
cereals can be extracted with salt solutions (Paz-Ares et al 1983,
Barber et al 1986).

Chromatographic Separation of Proteins and Analysis
by SDS-PAGE

For further comparison, proteins were fractionated by
molecular sieving chromatography under the conditions used to
isolate DSG proteins (Kobrehel and Alary 1989b). These analyses
were performed on albumins plus globulins and on Glu-1 of bread
wheat, and the results were compared to those obtained on Glu-1
of durum wheat. The elution profiles of these fractions are shown
in Figure 2. The Glu-1 of durum wheat yielded three major peaks.
SDS-PAGE analysis showed that peak 1 was composed of glute-
nins with higher apparent molecular masses than those of DSG
proteins (results not shown), whereas peaks 2 and 3 contained
DSG-2 and DSG-1, respectively (Fig. 3). For the Glu-1 of bread
wheat the elution profile showed only very small peaks having
retention times close to those of DSG proteins (Fig. 2). These
peaks yielded only very faint bands on SDS-PAGE (Fig. 3).

The albumin-globulin fraction of bread wheat contained con-
siderable amounts of low molecular weight proteins with retention
times on the P-30 column close to that of DSG proteins
(Fig. 2). SDS-PAGE analysis without reduction showed that these
peaks were composed of four major proteins. Two of these bands
had electrophoretic mobilities similar to those of DSG proteins
(Fig. 4, shown by arrows).

SDS-PAGE of reduced albumin-globulin and Glu-1 fractions
of bread wheat, after further resolution by column chroma-
tography, showed less similarity to DSG proteins than when not
reduced. As shown in Figure 3, the small peaks of Glu-1 contained
two bands, one having mobility like DSG-1 and another with
an intermediate mobility between DSG-1 and DSG-2. Neither
Glu-1 nor the albumin-globulin fractions of bread wheat contained

TABLEI
The Total Sulfhydryl plus Disulfide Content in the Protein Fractions Extracted Sequentially
from Two Bread Wheats and Two Durum Wheats

Protein Extracted

Total-SH plus S-S

(% of total protein) (umol/g of protein)
Protein Bread Wheats Durum Wheats Bread Wheats Durum Wheats
Fractions Hardi Talent Mondur Kidur Hardi Talent Mondur Kidur
Albumins plus globulins 16 18 17 21 230 272 137 135
Gliadins 24 32 38 41 135 129 103 102
Glu-1* 1 4 2 3 92 61 184 132
Glu-2" 19 28 27 29 124 94 92 88

* Extracted with 3.75 mg of Na-tetradecanoate per gram of flour or semolina.
bExtracted with 80 mg of Na-tetradecanoate per gram of flour or semolina.
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Fig. 2. Gel filtration elution profiles of proteins extracted with 3.75 mg
of Na-tetradecanoate subsequent to the extraction of albumins, globulins,
and gliadins from durum wheat semolina, cultivar Mondur (A), and from
bread wheat flour, cultivar Talent (C), compared with the albumin-globu-
lin fraction extracted with 0.5M NaCl from bread-wheat flour (B).

a band having exactly the same mobility as DSG-2. This may
be of little relevance since the electrophoretic mobility of
DSG-2 among durum wheats showed intervarietal differences
(Kobrehel and Alary 1989a). In peak 3 of the albumin globulin
fraction from bread wheat, the most intense band, with or without
reduction of the proteins, had the same mobility as DSG-1.
However, as shown in Figure 2, the retention time of peak 3
was longer than that for peak 3 of durum wheat, which contained
DSG-1. Peak 2 of the albumin-globulin fraction showed, without
reduction of the proteins, two bands with mobilities like those
of DSG-1 and DSG-2, whereas after reduction only one major
band was seen; it had a mobility intermediate between DSG-1
and DSG-2. This suggests that peak 2 and peak 3 proteins with
similar mobilities before reduction (Fig. 4) are not identical.

Two-Dimensional Electrophoretic Analyses (IEF X SDS-PAGE)

DSG proteins showed heterogeneity on 1EF; both DSG-1 and
DSG-2 were composed of three main spots with one of the spots
much more intense than the other two (Fig. 5). Proteins of bread

14.4
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Fig. 3. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of
proteins fractionated previously on Biogel P-30 (Fig. 2). Slot numbers
are given in parentheses. Proteins extracted with 0.5M NaCl from bread
wheat: peak 2 (1), peak 3 (2 and 3), peak 4 (4). Proteins extracted with
3.75 mg of Na-tetradecanoate from durum wheat: peak 2 (5), peak 3
(6), and from bread wheat for the same elution volume as peaks 2 and
3 of durum wheat (7 and 8). SP = Standard proteins (apparent M, X
10~ shown). Samples were reduced before electrophoresis.

pl p2 p3 p 4

Fig. 4. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of
proteins extracted with 0.5M NaCl from bread wheat, cultivar Talent,
and fractionated on Biogel P-30 (B in Fig. 2.). Proteins were not reduced.
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Fig. 5. Two-dimensional electrophoresis (first dimension, isoelectric focus-
ing (IEF); second dimension, sodium dodecyl sulfate (SDS)-polyacryla-
mide gel electrophoresis) of proteins fractionated previously on Biogel
P-30. A, Peak 2 of the albumin-globulin fraction (2 in Fig. 2B and peak
2 in Fig. 4); B, DSG-2 (peak 2 in Fig. 2A and slot 5 in Fig. 3); and
C, DSG-1 (peak 3 in Fig. 2A and slot 6 in Fig. 3).

wheat isolated as peak 2 in Figure 2 and, which on SDS-PAGE
had mobilities similar to those of DSG proteins, were also more
heterogeneous on IEF than on SDS-PAGE (Fig. 5). When they
were focused together with DSG-1 or with DSG-2 (results not
shown here), in each case only one of the spots of the DSG
proteins was superimposed with one of the spots of the proteins
contained in peak 2. Spots found in both the DSG proteins and
the albumin-globulin fraction of bread wheat are shown by the
arrows. The other spots of the albumins-globulins (or CM pro-
teins) of bread wheat and of the DSG proteins had different
electrophoretic characteristics.

According to all the preceding results, DSG-1 and DSG-2 from
durum wheat and CM-type proteins from bread wheat showed
considerable differences in their respective solubilities and their
chromatographic and electrophoretic characteristics. On the other
hand, analyses did not show noticeable differences between the
two durum wheat cultivars.

Amino Acid Analyses

Table Il shows the amino acid compositions of durum wheat
protein fractions of Glu-1 separated on Biogel P-30 (Fig. 2) and
of bread wheat proteins isolated from the albumin-globulin frac-
tion, whose electrophoretic characteristics were similar to those
of DSG proteins (peaks 2, 3, and 4 in Fig. 2) and peak 1 of
the Glu-1 fraction (Fig. 2). Peaks 2, 3, and 4 of the albumin-
globulin extract are composed of proteins rich in cysteine, The
amino acid compositions of the three fractions are similar but
when compared to those of DSG proteins, some differences are
noticeable. For instance, they have higher aspartic acid but lower
glycine and methionine contents than the DSG proteins. Yet they
seem to be CM-type proteins; their amino acid compositions and
those reported for CM proteins are closely related (Salcedo et
al 1978, Barber 1986). Their amino acid compositions are also
comparable to those of S-proteins (Zawistowska et al 1986). On
the other hand, the amino acid compositions of peak 1 of Glu-1
from bread and durum wheats were different from those of CM-
type proteins. These differences were considerable for most of
the amino acids. They contained much less cysteine and more
glutamic acid (or glutamine) and proline.

Analyses on Gluten

The glutenin fraction Glu-1 extracted from bread wheat gluten,
in comparison with Glu-1 extracted from the flour that was used
to prepare the gluten samples, contained a higher proportion of
CM-type proteins (Fig. 6). The electrophoretic mobilities of the
two major low molecular weight proteins were similar to those

TABLE 11
Amino Acid Compositions of Proteins Extracted from Bread and Durum Wheats and Fractionated on Biogel P-30*
(mol % of total protein)
Bread Wheat Cultivar Talent Durum Wheat Cultivar Mondur
Glu-1 Glu-1 AG AG AG Glu-1
Amino Acid P-1 P-2-3 P-2 P-3 P-4 P-1 DSG-1 DSG-2
Alanine 1.5 6.2 44 4.7 4.7 2.9 5.1 6.5
Arginine 2.1 7.8 7.5 7.4 7.8 2.8 5.9 5.5
Aspartic acid” 1.8 6.6 6.3 8.4 8.6 31 3.0 1.8
Cysteine 1.5 6.8 8.1 10.6 7.0 3.1 6.0 5.5
Glutamic acid® 46.1 16.1 18.1 16.2 14.5 39.0 17.3 14.2
Glycine 2.5 4.2 39 4.2 4.4 2.0 7.2 7.5
Histidine 1.9 1.8 1.7 1.8 1.5 2.6 0.8 1.2
Isoleucine 2.9 2.7 3.0 32 2.6 34 39 4.0
Leucine 53 7.8 8.3 6.8 7.2 6.4 8.1 10.1
Lysine 0.6 2.9 1.8 2.8 2.4 1.1 1.6 1.4
Methionine 0.1 0.6 0.4 1.5 0.9 0.2 39 33
Phenylalanine 6.2 31 34 2.3 23 5.6 29 42
Proline 16.0 14.3 13.8 1.9 16.2 15.5 12.2 12.6
Serine 4.7 4.7 49 4.8 4.7 4.6 5.8 6.3
Threonine 2.0 5 4.1 4.1 4.1 2.3 6.3 4.4
Tyrosine 2.0 4.7 4.3 4.5 4.1 2.2 4.1 4.0
Valine 2.5 5.7 5.5 5.5 5.7 3.6 5.7 7.5

*Glu-1 P-1 = peak | of the Glu-I fraction, Glu-1 P-2-3 = peaks 2 and 3 of the Glu-I fraction, AG = peaks 2, 3, and 4 of the albumin-globulin
fraction. Tryptophan was not determined.
Include asparagine and glutamine, respectively.
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Fig. 6. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of bread
wheat cultivar Talent (slots 1, 2, 3, 4, and 5) and durum wheat cultivar
Mendur (slots 6, 7, 8, 9, and 10) proteins extracted sequentially from
gluten with 68% ethanol (1 and 6), 3.75 mg of Na-tetradecanoate (2 and
7) and 80 mg of Na-tetradecanoate (4 and 9) or from flour or semolina
with 3.75 mg of Na-tetradecanoate (3 and 8) and 80 mg of Na-tetra-
decanoate (5 and 10). Extractions were carried out on glutens after the
removal of albumins and globulins and on flour and semolina after the
sequential removal of albumins-globulins and gliadins with 0.5M NaCl
and 68% ethanol, respectively. Proteins are not reduced.

of DSG proteins. For bread wheat gluten, these proteins were
partly extracted with the gliadins (Fig. 6). The electrophoretic
composition of Glu-2 extracted from gluten remained similar to
that extracted from flour, although there was an obvious change
in proportions among the DSG proteins.

The elution profile of Glu-1 from bread wheat gluten, obtained
by chromatographic analysis on Biogel P-30, had many similarities
with the elution profile of Glu-1 from durum wheat gluten
(Fig. 7), which contained the major proportion of DSG proteins
that were present in durum wheat. However, in durum wheat,
no differences in the DSG protein region were found between
Glu-1 extracted from gluten or from semolina; either their chro-
matographic profiles or their electrophoretic compositions were
similar (Fig. 6). The amino acid composition of peaks 2 plus
3 (Fig. 7) of Glu-1 from bread wheat gluten was quite similar
to the amino acid composition of peaks 2, 3, and 4 extracted
with 0.5M NaCl from bread wheat flour (Table II and Fig. 2).
These results show that at least some of the CM-type sulfur-
rich proteins that can be extracted from bread wheat flour with
the albumin-globulin fraction are readily bound to the other gluten
proteins during the preparation of gluten.

Bietz and Wall (1975) found noncovalently bound albumins
and globulins in sequentially extracted glutenin. More recently,
the presence of low molecular weight, sulfur-rich proteins, called
S-proteins, has also been reported in gluten preparations (Zawis-
towska et al 1985, Zawistowska and Bushuk 1986, Zawistowska
et al 1986). In these latter studies, the comparison of chroma-
tographic (on Sephadex G-50) and electrophoretic characteristics
of CM proteins with S-proteins showed both similarities and
differences. In agreement with these reports, we showed that,
in the case of bread wheat, the gluten preparation procedure
modified the ease of extraction of low molecular weight, sulfur-
rich (CM) proteins. This seemed to occur, at least partly, through
hydrophobic interactions between CM-type and gluten proteins,
because CM proteins were not washed out with water during
the preparation of the gluten, although they could be extracted
from gluten with Na-tetradecanoate, which disrupts hydrophobic
interactions. In agreement with the findings of Bietz and Wall
(1975), covalent bonds were not involved in the modification of
protein solubility. However, sulfur-rich, DSG-type proteins may
form new S-S bonds during heat treatment (Feillet et al 1989).
It has been shown that S-protein can bind considerable amounts
of lipid, and has been suggested that the strong associations with
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Fig. 7. Elution profiles of proteins extracted with 3,75 mg of Na-tetra-
decanoate from durum wheat cultivar Mondur (A) and bread wheat culti-
var Talent (B) gluten subsequent to the extraction of gliadins with 68%
ethanol.

other gluten proteins occur through lipid-protein and lipid-lipid
interactions (Zawistowska et al 1985). Our results can also be
explained by such interactions. Strongly bound, specific lipids
were found in purified durum wheat DSG proteins (Kobrehel
and Sauvaire 1990).

In further preliminary experiments, gluten samples were. pre-
pared after the extraction of soluble proteins from flour with
water or successively with NaCl and water. The preparation of
gluten from the residual protein was very difficult, because the
particles did not stick to each other to form a gluten ball. The
more exhaustive the extraction of the albumin-globulin fraction
(and thus of DSG-type, sulfur-rich proteins), the lower the yield
of gluten. The yield of gluten decreased by about 25% after an
extraction with water and by about 50% after sequential extrac-
tions with NaCl and water. The decrease in gluten yield could
partly result from the extraction of the sulfur-rich, CM-type
proteins. This would suggest that they have a functional role
in gluten adhesion, their presence in the gluten ball being a conse-
quence of their physico-chemical properties. Further experiments
are needed to determine whether the various CM-type proteins
have a similar functional role and the respective roles of protein
and of lipid components.
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CONCLUSIONS

Under the extraction conditions used to isolate DSG-1 and
DSG-2 (Kobrehel and Alary 1989b), little CM-type, sulfur-rich
protein could be extracted from bread wheat. Likewise, the elec-
trophoretic characteristics (on SDS-PAGE and on two-dimen-
sional IEF X SDS-PAGE) of these proteins extracted from bread
wheat with the albumin-globulin fraction and the DSG proteins
from durum wheat showed considerable differences. Despite their
similar N-terminal amino acid sequences, DSG-1 and DSG-2 may
not be identical to CM16 and CM3.

Previous studies showed a functional relation between DSG
proteins and the cooking quality of durum wheat pasta. Results
reported here suggest that CM-type proteins of bread wheat may
also have a functional role in the formation of doughs. They
seem to interact through hydrophobic interactions with other
gluten proteins, glutenins, and gliadins during dough formation
and form part of the gluten network. Further investigations are
in progress to confirm the functional role of low molecular weight,
sulfur-rich proteins in dough formation and to determine the
possible specific involvement of each of these proteins in tech-
nological processes.
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