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ABSTRACT

Glutenin of wheat lines that were null for some or all of the high
molecular weight (HM W) subunits was extracted with urea-sodium dode-
cyl sulfate (SDS) solvent from the Osborne glutenin (ethanol-insoluble)
fraction. For the eight lines examined, the amount of glutenin protein
ranged from 32 to 55% of the flour protein. The line with no HMW
subunits had the lowest amount of glutenin, while the line with all five
of the HMW subunits had the highest amount. The glutenin, dissolved
in urea-SDS, was fractionated by gel filtration on Sephacryl $-500 using
the same solvent as the eluent. Gel-filtration fractions were collected,
partially purified by ultrafiltration and dialysis, and analyzed by SDS-
polyacrylamide gel electrophoresis (PAGE). Gel-filtration results showed
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that there was little difference in the glutenin elution profile for the different
wheat lines. The elution profile for the line that contained no HMW
glutenin subunits was essentially the same as that for the control that
contained all five of the HMW glutenin subunits. These results indicate
that the low molecular weight (LMW) glutenin subunits by themselves
can form glutenin polymers that appear to be similar in molecular size
to the polymers containing both the HMW and the LMW subunits. These
results suggest that the contribution of glutenin to intervarietal differences
in bread-making quality in the eight wheat lines examined depends on
properties other than the differences in molecular weight distribution.

Wheat proteins are classified as albumin, globulin, gliadin, and
glutenin, based on the classical, but still widely used, Osborne
(1907) system. It is now accepted that gliadin (aqueous ethanol-
soluble) and glutenin (aqueous ethanol-insoluble) are distinctly
different classes of wheat storage proteins. Gliadins comprise
molecules of single polypeptide chains, while glutenin is a group
of large polymeric molecules composed of both high molecular
weight (HMW) and low molecular weight (LM W) subunits linked
together by interpolypeptide disulfide bonds. The subunit com-
position of glutenin, obtained after reduction of disulfide bonds,
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is well defined, but very little is known about the structure of
glutenin polymers (molecules) (see Bushuk and Tkachuk 1991
for review). Elucidation of the functional role of glutenin in bread-
making potential of wheat flour requires detailed information
on its polymeric structure.

This article presents results of studies on the polymeric structure
of glutenin of wheat lines of widely diverse bread-making quality
that were genetically developed (Lawrence et al 1988) to contain
gradually decreasing HMW glutenin subunits from five (normal)
to zero.

MATERIALS AND METHODS

Glu-1 Null Wheat Samples
Seed of eight so-called Glu-1 null wheat lines used in this study,
designated Al (normal HMW glutenin subunit composition I,
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17+18, and 5+10) through to A8 (no HMW subunits), was pro-
vided by F. MacRitchie of the Commonwealth Scientific and
Industrial Research Organization, Grain Quality Research Lab-
oratory, Sydney, Australia. The nomenclature of Payne and Law-
rence (1983) for the HMW glutenin subunits is used throughout
this article. The grain was grown on an experimental field at
the University of Manitoba. The lines were originally derived
from crosses between a mutant line of the cultivar Olympic, null
at the Glu-BI locus due to a deletion of part of the long arm
of chromosome 1B, and an isogenic line of the cultivar Gabo,
null at the Glu-A1 and Glu-DI loci (Lawrence et al 1988). The
HMW subunit composition, determined originally by Lawrence
et al (1988) and confirmed in our laboratory, and the wheat and
flour protein (N X 5.7) contents of the eight lines are given in
Table 1. The wide variation in protein content of the null lines
has been attributed to the variation in vigor (Lawrence et al 1988).

Chemicals

Urea from Sigma Chemical Co. (St. Louis, MO) was used
without further purification. Electrophoretically pure SDS was
obtained from Bio-Rad Laboratories (Richmond, CA). All other
chemicals used were of reagent grade.

Protein Determination

Total protein (N X 5.7) content of grain, flour, and glutenin
preparations were determined by the micro-Kjeldahl method 46-
13 of AACC (1983).

Preparation of Glutenin

Wet glutens were prepared from the flours according to AACC
(1983) method 38-10. The wet gluten was used immediately for
preparation of the ethanol-insoluble fraction (glutenin) as de-
scribed in Gao and Bushuk (1992).

The yields of glutenin protein, as a proportion of flour protein
of samples A1-A6, were 55.0, 53.2, 45.6, 53.7, 41.8, and 38.2%,
respectively. The yields of gluten, and hence glutenin, from A7
and A8 flour samples were extremely variable under mechanical
washing conditions. The glutenin protein yields were 17.0 and
7.8% for A7 and A8 using the approved hand-washing procedure
(AACC method 38-10) and 41.6 and 32.3% using a modified,
more cautious hand-washing procedure. The protein (N X 5.7,
db) contents (Table I) of the glutenin preparations (hand-washing
procedure for A7 and A8) ranged from 68.7% (lowest) for A8
to 77.2% (highest) for AS.

Amino Acid Analysis

The hydrolysis of glutenin for amino acid composition analysis
was carried out in 6N HCI for 24 hr under vacuum. The com-
position was determined on an automated LKB analyzer using
an ion-exchange separation procedure and a ninhydrin detection
and quantization method (Andrews and Baldar 1985).

Gel-Filtration Chromatography
Gel-filtration conditions. Sephacryl S-500 (Pharmacia, Upp-
sala, Sweden), in dispersed form, was equilibrated with a solvent

TABLE 1
Some Properties of Glu-1 Null Wheat Lines

High Molecular Weight
Glutenin Subunits®

Glutenin
Protein, %

Protein
Content, %

Sample Glu-A1 Glu-Bl Glu-DI Wheat Flour Content Yield
Al 1 17+18  5+10 9.9 9.3 725 550
A2 1 .. 5+10 10.7 9.4 749 532
A3 1 17+18 ... 10.6 9.6 70.6  45.6
A4 e 17+18  5+10 9.5 8.2 75.7 537
AS 5+10 11.1 10.0 772 41.8
A6 17+18 10.1 7.8 69.1 38.2
A7 1 e e 11.4 10.4 73.0 17.0°
A8 e . e 11.3 10.0 68.7 7.8°

*Nomenclature according to Lawrence et al (1988).
®Values from hand-washing procedure varied widely; lowest values are
reported.
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of 6 M urea and 6% (w/v) SDS. The gel slurry was poured into
a column (2.6 X 100 cm). The same solvent was used for elution.
The column was maintained at 40° C by circulating water through
the jacket around the column.

The column was operated by downward flow, and the elution
was monitored continuously at 280 nm. The elution rate was
14 ml/hr. Fractions were collected by an LKB 2211 Superrac
automatic fraction collector.

Before each separation, the column was calibrated for molecular
weight by determining the elution volume for three reference
proteins: bovine thyroglobulin (669 kDa), horse spleen apoferritin
(443 kDa), and bovine serum albumin (66 kDa). The reference
proteins were obtained from Pharmacia LKB (Montreal, PQ).
No variation in elution volume for reference proteins was observed
in duplicate experiments. At the end of each separation, the
column was washed with water and NaOH solution (0.01M) and
the eluates were concentrated (after being neutralized with 6 N
HCI for the latter eluate) and freeze-dried using the same pro-
cedures used for protein fractions. No protein was detected by
SDS-PAGE in the eluates collected from two consecutive
washings.

Solubilization of glutenin. Glutenin (30 mg of protein) was
weighed into a 15-ml centrifuge tube and solubilized using 6 M
urea and 6% (w/v) SDS solvent as described in Gao and Bushuk
(1992), with slight modification. After vortexing, following 24
hr of standing and before centrifugation, the solution was overlaid
with a layer of hexane according to Payne and Corfield (1979).
After centrifugation, a syringe was used to penetrate the hexane
layer and remove the predetermined amount of supernatant for
immediate application onto the gel-filtration chromatography
column.

Fraction collection and purification. Two-hundred-drop frac-
tions were collected and pooled into larger working fractions.
The pooled fractions were concentrated on an ultrafiltration ap-
paratus (Amicon Corporation, Lexington, MA) to remove most
of the urea and dialyzed (MW cut-off of dialysis tubing, 5 kDa,
from Medical Industries, Inc., Los Angeles, CA) against distilled
water. For the first two days, the dialysis was performed at room
temperature to prevent precipitation of SDS at refrigeration tem-
perature. Then, the dialysis was performed in a refrigerator until
no foam was evident in the dialyzate. The contents of the dialysis
tube were transferred into plastic containers, frozen, and freeze-
dried. The dry material was carefully transferred into containers,
sealed, and stored in a freezer until used for SDS-PAGE analysis.

SDS-PAGE Analysis

SDS-PAGE was carried out on an LKB 2001 unit according
to Ng and Bushuk (1987) under unreduced and reduced (with
5% 2-mercaptoethanol in extracting buffer) conditions. The stack-
ing and separating gel concentrations were 3.03 and 17.3%,
respectively. Electrophoresis was for 45 min at 35 mA followed
by 18 hr at 15 mA. Electrode buffer (maintained at 20°C) was
circulated during electrophoresis.

Sample from fractions collected by gel filtration were prepared
according to Ng and Bushuk (1987). The size of the samples
were adjusted so that the glutenin subunit bands were of sufficient
intensity for visibility and resolution. In a preliminary experiment,
the samples from the excluded peak were found to contain much
less protein. Accordingly, the volume of these samples applied
onto the gel was doubled. The second and third fractions contained
a substantial amount of protein; the volume used for their electro-
phoresis was halved.

RESULTS AND DISCUSSION

Characterization of the Glu-1 Null Wheats

SDS-PAGE patterns of extracts of the eight flour samples under
unreduced conditions showed very little variation among the sam-
ples (Fig. 1A). The patterns under reduced conditions (Fig. 1B)
confirmed the results for the same wheat lines reported by Law-
rence et al (1988). The patterns for some flour samples under
reduced conditions contained faint bands in the position of the



HMW subunits that supposedly had been deleted. It is not known
whether they are the regular HMW subunits, produced by a very
low level of gene activity, or some other polypeptides, such as
the K-bands reported by Kazemie and Bushuk (1990) or the E-
bands reported by Gupta and Shepherd (1987). Their complete
identity was not investigated in this study.

As expected from their glutenin contents and HMW subunit
compositions, the chemical, rheological, and bread-making test
results showed marked differences among the eight wheat samples
(data not shown). Generally, the deletion of HMW glutenin sub-
units shortened the farinograph dough development time and
increased the mixing tolerance index values; farinograph absorp-
tion was not affected. Extensigraph results indicated that deletion
of the HMW subunits caused a drastic decrease in resistance
to extension. The extensibility showed much less variation. These
results are consistent with the observed decrease of Zeleny sedi-
mentation values and loaf volume. The technological results ob-
tained in our study are generally consistent with the results of
Lawrence et al (1988).

As indicated above, it was difficult to obtain glutens from A7
and AB (with satisfactory reproducibility) using mechanical wash-
ing procedures. The doughs were very plastic but not elastic.
The reproducible gluten that was eventually obtained by the hand-
washing procedure had the consistency of chewed gum. Normal
elastic glutens were obtained for. the other samples using both
the hand-washing and the mechanical procedures.

Gel-Filtration Chromatography Results

Gel-filtration chromatography profiles of glutenin preparations
from the eight samples (Fig. 2) were remarkably similar, in spite
of the differences in glutenin content and HMW subunit com-
position of the glutenin (and rheological and baking properties).
Each profile showed one excluded peak and one group of included
peaks that overlapped to form a broad peak centered at about
350-ml elution volume. These profiles were generally similar to
those of glutenins of Canadian bread wheats (Gao 1992).

The size of the excluded peak varied slightly among the eight
samples, but the range of variation was small. Based on visual
examination of the size of the peak, it has no apparent relationship
to the bread-making potential of flour. This observation is con-
trary to current dogma, which presumes that the molecular weight
distribution of glutenin is related to bread-making potential. It
is possible that the resolution of the gel-filtration chromatography
used in this study was not sufficient to detect subtle differences
in molecular weight distribution. This point requires further study.
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Fig. 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis patterns
of extracts of flour of eight Glu-1 null wheat lines used in this study
(A1-A8) highlighting the variation in composition of high molecular
weight glutenin subunits. A, unreduced. B, reduced with 5% 2-mereapto-
ethanol in extracting buffer.

The shape of the broad included peak of the chromatography
profiles varied more among the samples than the excluded peak
did, although there was no obvious relationship, judging visually,
between size or shape of the broad peak and the rheological or
baking properties. Accordingly, we concluded that, for the wheats
examined in this study, there appears to be no relationship between
molecular weight distribution of the glutenin protein and bread-
making potential. This observation does not invalidate the well-
known relationship between the amount of acetic acid-soluble
and insoluble glutenin and bread-making quality reported by Orth
and Bushuk (1972). In the present study, the same amount of
glutenin protein was applied onto the column,

One possible explanation of these results is that the variation
in glutenin structure that is related to bread-making quality is
mostly derived from noncovalent forces, which could affect solu-
bility as observed by Orth and Bushuk (1972). Such intermolecular
interaction effects would not be detected by gel-filtration chroma-
tography of dissolved glutenin.

Earlier studies suggested that the elution profiles of solubilized
proteins were indeed related to bread-making quality (Huebner
and Wall 1976, Bottomley et al 1982, Field et al 1983, Singh
et al 1990). In those studies, flours or glutens (not glutenin) were
used. Therefore, the results were probably a reflection of the rela-
tionship between bread-making quality and the relative content
of glutenin in flours. Moreover, the published results might be
complicated by incomplete solubilization of the flour proteins
as suggested by Huebner and Wall (1976) or by incomplete sepa-
ration of gliadins and glutenin (Bottomley et al 1982),

We found that the freeze-dried material from the excluded peak
of the gel-filtration chromatography contained less protein than
the materials from other peaks in the same gel-filtration chroma-
tography (judged visually by the lower band intensity on SDS-
PAGE). If the nonprotein constituents in the protein extract also
absorb at 280 nm, the peak area-size would not proportionally
reflect the molecular weight distribution of protein in a single
gel-filtration profile. However, the relative proportion of protein
between different gel-filtration profiles should be comparable. To
eliminate the possible errors arising from the nonprotein impuri-
ties, we recommend that further studies be carried out by moni-
toring the absorbance at two wavelengths or by determining the
protein quantity in the fractions of gel filtration.
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Fig. 2. Gel-filtration chromatography elution profiles of glutenin prepa-
rations of eight Glu-1 null wheat lines used in this study (A1-A8) on
Sephacryl S-500 in urea-sodium dodecyl sulfate solution. 1-7, fractions
for sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
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SDS-PAGE Results for Fractions from Gel Filtration

SDS-PAGE results for sample Al, the wheat line with all five
(normal complement) HMW glutenin subunits, showed that the
first peak contained both HMW and LMW subunits (Fig. 3B).
The HMW subunits of Al were concentrated in the middle frac-
tions 2-5. Fraction 6 contained only trace amounts of HMW
subunits.

SDS-PAGE results (Fig. 4) for the glutenin of A7 (which should
contain HMW subunit 1 only) showed that the overall distribution
of the HMW subunit among the fractions was very much the
same as that for Al. The first peak contained only a slight amount
of the subunit and somewhat more of the LMW subunits (based
on the intensity of the bands); most of the HMW subunit was
concentrated in fractions 2-5. It is interesting to note that, al-
though there is only one HMW subunit in A7, still, it exists
in the form of large polymeric molecules, giving the same dis-
tribution pattern across the fractions as those obtained for Al
with all five HMW subunits. The rheological and bread-making
properties of the two lines were quite different, despite the similar
molecular weight distribution of these glutenins.

The SDS-PAGE patterns showed that the faint bands, which
were only marginally discernible in the patterns for flour extracts,
were much stronger in the patterns of gel-filtration fractions (lanes
3-5, Fig. 3). This is probably due to the concentration effect
of gel filtration and the greater amount of protein loaded onto
the gel. The fact that the fractions containing these faint bands
were the earlier fractions of gel filtration suggests that these bands
may be aggregated or linked to the HMW glutenin subunits in
the polymeric glutenin.

The distribution pattern for the HMW subunits for the Glu-1
null lines A2-A6 was essentially the same as that for Al (not
shown). These results suggest that the difference in glutenin quality
for breadmaking does not lie in the size distribution of polymeric
molecules of glutenin but, probably, in the chemical properties
of glutenin subunits contributing to the unique viscoelasticity of
gluten and dough. The rheological properties of gluten (and
dough) would also be influenced by the relative amount of gliadin
and glutenin in the flour.

SDS-PAGE results (Fig. 5) for the Glu-1 null line A8 (no HMW
subunits) fractions from gel filtration showed LMW glutenin
subunits in all fractions but mostly in fractions 1-4. The LMW
subunits are mainly two groups of polypeptides (36 and 45 kDa).
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Fig. 3. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of
fractions 1-7 from gel filtration of Al (contains all five high molecular.
weight glutenin subunits) and extract of Al flour (Fl). A, unreduced.
B, reduced with 5% 2-mercaptoethanol in extracting buffer.
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The pattern contains a trace amount of protein in the 58-63 kDa
range. These results indicate that LMW glutenin subunits, by
themselves, can form large polymeric glutenin molecules too large
to enter the separating gel in SDS-PAGE under unreduced con-
ditions (Fig. 5A). These large polymeric molecules appear to be
stabilized by interpolypeptide disulfide bonds because they sur-
vived the solubilization condition in the preparation of the sample
for gel filtration and the SDS-PAGE separation under unreduced
conditions. This evidence supports the existence of polymeric glu-
tenin comprising only LMW subunits.

The existence of large polymeric molecules comprised of only
LMW subunits raises a question regarding the identity of glutenin
molecules. Traditionally, it has been presumed that polymeric
glutenin molecules comprise both HMW and LMW subunits.
It has been reported that polymers composed of only LMW

e

Fig. 4. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of
fractions 1-7 from gel filtration of A7 (high molecular weight glutenin
subunit 1 only) and extract of Al flour (Fl). A, unreduced. B, reduced
with 5% 2-mercaptoethanol in extracting buffer.
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Fig. 5. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of
fractions 1-7 from gel filtration of A8 (no high molecular weight [HMW]
glutenin subunits) and extract of A8 flour (Fl). A, unreduced. B, reduced
with 5% 2-mercaptoethanol in extracting buffer.
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glutenin subunits were present in the Osborne gliadin fraction
(Beckwith et al 1966). These polymers have also been called HMW
gliadin (Beckwith et al 1966, Bietz and Wall 1973, Bietz and Wall
1980, Huebner and Bietz 1991), aggregated gliadin (Shewry et al
1983), and LMW glutenin (Nielson et al 1968, Kanazawa and
Yonezawa 1973, Autran et al 1987, Feillet et al 1989). Until now,
the reports that the Osborne glutenin contains polymeric mole-
cules composed of only LMW glutenin subunits have been specu-
lative. The evidence presented here confirms the existence of
polymeric glutenin molecules composed of only LMW subunits,
as well as the existence of those composed of both HMW and
LMW subunits.
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Fig. 6. Content variation of amino acids from glutenin fractions of Glu-
I null wheat lines A1-A8.

Amino Acid Composition

The amino acid composition of the glutenin preparations of
the Glu-1 null lines showed a considerable variation with number
and type of HMW subunits (Fig. 6). In general, the content (mol%
of total amino acids) of the glutamic acid plus glutamine (Glu)
and proline decreased gradually with decreasing number of HMW
subunits. Glu decreased in molar percentage from 33% for Al
to 27% for A8, and proline from 139 for Al to 11% for AS.
Tyrosine content decreased also, although to a lesser extent, from
2.5% for Al to 2.2% for A8.

Several amino acids increased with deletion of HMW subunits.
Most significant increases were obtained for alanine (from 3.9%
for Al to 5.3% for AB), aspartic acid (from 3.4% for Al to 5.2%
for A8), and lysine (from 1.8% for Al to 2.9% for A8).

The amino acid composition (Table IT) of the glutenin from
A8, the line with no HMW subunits, is generally in agreement
with the published composition of the LMW subunits (e.g., gel-
filtration peak 4, Belitz et al 1987). Furthermore, it should be
noted that the amino acid composition of A8 glutenin is sig-
nificantly different from that of aqueous ethanol-soluble subunits
of reduced glutenin (fraction 2, Bietz and Wall 1973). Also, the
composition of A8 glutenin is different from that of the HMW
gliadin (fraction 4, Bietz and Wall 1973). Tatham et al (1987)
also reported the amino acid composition of HMW gliadins
(aggregated gliadins). The Glu and proline contents in their study
were higher (~35 and 16%, respectively) than those of A8 obtained
in this study, and the glycine content was lower (~3.5%).

Polymeric Glutenin

Gelfiltration chromatography and SDS-PAGE results showed
that polymeric glutenin can also be formed from LMW subunits.
Furthermore, the molecular weight distribution of polymeric
glutenin seems to be independent of the type of glutenin polymers
present. For example, the gel-filtration profile for wheat A1, which
should contain all different types of glutenin polymers, was essen-
tially the same as the profile for A8, which contains polymers
of LMW subunits only. (Compare curves Al and A8 in Fig. 2.)

The existence of different types of glutenin polymer is consistent
with the fact that the HMW subunits form only 10% of the total
flour protein, whereas the LMW subunits form about 40%
(Halford et al 1992). Our results for wheat line A8 (LMW subunits
only) showed that the glutenin formed 329% of the flour protein.
Recent studies in our laboratory and in others (Gao 1992, Khan

TABLE 11
Amino Acid Composition (mol %) of A8 Glutenin Compared with Those of Relevant Fractions in Literature

N b . . ¢

Amino Glutenin Peaks Glutenin Fractions

Acid AS8* 1 2 3 4 1 2 3 4 Gliadin®
Asp 5.2 4.1 2.8 2.7 4.5 32 1.4 0.9 2.0 2.7
Thr 3.7 4.8 3.2 2.7 3.6 3.2 2.4 2.6 2.6 3.1
Ser 7.1 8.2 6.5 7.6 6.8 6.6 7.2 7.1 7.0 5.9
Glu 27.2 20.9 323 35.3 29.2 32.7 394 41.6 37.5 32.8
Pro 11.1 10.5 12.4 13.6 11.6 11.0 15.0 15.4 15.1 13.5
Gly 6.5 10.9 12.8 4.2 5.6 12.9 33 7.4 4.9 9.2
Ala 5.3 5.1 4.1 3.7 5.3 4.1 2.4 2.0 2.7 4.0
Val 4.6 7.3 4.2 4.9 5.8 35 43 3.1 4.0 1.4
Met 1.6 1.5 1.1 1.6 1.7 0.8 1.3 0.9 1.3 4.8
Ile 3.2 5.8 2.8 44 4.9 2.3 3.7 2.9 34 33
Leu 7.4 6.7 5.9 7.8 7.8 6.1 7.5 5.6 7.4 6.7
Tyr 2.2 3.7 3.8 1.7 2.1 4.2 1.5 2.6 1.7 2.7
Phe 39 2.7 2.3 4.2 3.9 2.5 45 39 4.1 32
His 1.9 1.6 1.4 1.6 1.6 1.3 1.3 2.3¢ 1.4 1.5
Lys 2.9 2.4 1.6 1.3 1.9 2.8¢ 2.7¢ 0.4 1.0 1.4
Arg 3.8 38 2.8 2.7 3.7 2.7 2.2 1.3 2.6 2.2
Cys 24 0.0 0.0 0.0 1.3 1.4

# Glutenin fraction by the Osbo:

rne procedure (Chen and Bushuk 1970) from the completely Glu-I null (A8) flour.

® Major glutenin subunit peaks fractionated by gel filtration in the order of elution of the reduced Osborne glutenin by Belitz et al (1987).
°Bietz and Wall (1973). The glutenin fractions: 1, Ethanol insoluble S-aminoethyl derivatives of reduced glutenin (AE-glutenin); 2, ethanol-soluble

AE-glutenin; 3, 44-kDa AE-glutenin fraction from 2 after reduction; 4, high molecular weight gliadin.

¢ Bietz and Wall (1973), the purified gliadin fraction.
¢ Data including AE-Cys.
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and Huckle 1992, Khan et al 1992) have shown that three types
of polymeric glutenin molecules are present in wheats with the
normal complement of five HMW subunits together with all of
the LMW subunits. On the basis of the known number of
sulfhydryl groups in the HMW subunits (Shewry et al 1992),
it would not be possible (without presuming a highly branched
structure) to accommodate all of the LMW subunits on a linear
backbone as required by the model of Graveland et al (1985).
This restriction does not apply to other reported models for
polymeric glutenin (Gao et al 1992).

CONCLUSION

The results obtained in this study showed that the Osborne
glutenin fraction comprises three different types of glutenin
polymers: 1) LMW subunits only, 2) HMW subunits only, and
3) both HMW and LMW glutenin subunits. The type of glutenin
polymers present does not seem to affect the molecular weight
distribution as shown by gel-filtration chromatography. For the
set of wheat lines used in this study, the variation in bread-making
potential appears to be due to variation in the amount of glutenin
(i.e., gliadin-to-glutenin ratio) and to variation in chemical prop-
erties (i.e., amino acid composition). Further studies are needed
to reconcile these results with our earlier results (Orth and Bushuk
1972), which showed that, in normal wheat cultivars, bread-
making quality (loaf volume) was significantly correlated with
the proportion of acetic acid-insoluble glutenin in the Osborne
fraction.

ACKNOWLEDGMENT

We are indebted to P. K. W. Ng for providing the flours used in this
study. We gratefully acknowledge financial assistance from the Natural
Sciences and Engineering Research Council of Canada and from the
University of Manitoba, in the form of a Duff Roblin graduate fellowship
toL. G.

LITERATURE CITED

AMERICAN ASSOCIATION OF CEREAL CHEMISTS. 1983. Ap-
proved Methods of the AACC, 8th ed. Method 38-10, approved April
1961, reviewed October 1982; Method 46-13, approved October 1976,
reviewed October 1982, revised October 1986. The Association: St.
Paul, MN.

ANDREWS, R. P., and BALDAR, N. A. 1985. Amino acid analysis
of feed constituents. Sci. Tools 32:44-48.

AUTRAN, J.-C., LAIGNELET, B., and MOREL, M.-H. 1987.
Characterization and quantification of low-molecular-weight glutenins
in durum wheats. Pages 266-283 in: Proceedings International Work-
shop on Gluten Proteins, Third. R. Lasztity and F. Bekes, eds. World
Scientific Publishing: Singapore.

BECKWITH, A. C., NIELSON, H. C., WALL, J. S., and HUEBNER,
F. R. 1966. Isolation and characterization of a high-molecular-weight
protein from wheat gliadin. Cereal Chem. 43:14-28.

BELITZ, H.-D., KIM, I.-J., KIEFFER, R., SEILMEIER, W., WER-
BECK, U., and WIESER, H. 1987. Separation and characterization
of reduced glutenins from different wheat varieties and importance
of the gliadin/glutenin ratio for the strength of gluten. Pages 189-205
in: Proceedings International Workshop on Gluten Proteins, Third.
R. Lasztity and F. Bekes, eds. World Scientific Publishing: Singapore.

BIETZ, J. A., and WALL, J. S. 1973. Isolation and characterization
of gliadin-like subunits from glutenin. Cereal Chem. 50:537-547.

BIETZ, J. A., and WALL, J. S. 1980. Identity of high molecular weight
gliadin and ethanol-soluble glutenin subunits of wheat: Relation to
gluten structure. Cereal Chem. 57:415-421.

BOTTOMLEY, R. C., KEARNS, H. F., and SCHOFIELD, J. D. 1982.
Characterisation of wheat flour and gluten proteins using buffers
containing sodium dodecyl sulphate. J. Sci. Food Agric. 33:481-491.

BUSHUK, W., and TKACHUK, R., eds. 1991. Gluten Proteins 1990.
Am. Assoc. Cereal Chem.: St. Paul, MN.

FEILLET, P., AIT-MOUH, 0., KOBREHEL, K., and AUTRAN, J.-C.
1989. The role of low molecular weight glutenin proteins in the de-
termination of cooking quality of pasta products: An overview. Cereal
Chem. 66:26-30.

FIELD, J. M., SHEWRY, P. R., and MIFLIN, B. J. 1983. Solubilisation

and characterisation of wheat gluten proteins: Correlations between
the amount of aggregated proteins and baking quality. J. Sci. Food
Agric. 34:370-377.

GAO, L. 1992. Physicochemical and structural studies of glutenin in
relation to breadmaking quality. Ph.D. thesis. University of Manitoba:
Winnipeg, MB.

GAO, L., and BUSHUK, W. 1992. Solubilization of glutenin in urea/
SDS solutions at elevated temperature. J. Cereal Sci. 16:81-89.

GAO, L., NG, P. K. W, and BUSHUK, W. 1992. Structure of glutenin
based on farinograph and electrophoretic results. Cereal Chem. 69:452-
455.

GRAVELAND, A, BOSVELD, P., LICHTENDONK, W. J., MAR-
SEILLE, J. P., MOONEN, J. H. E., and SCHEEPSTRA, A. 1985.
A model for the molecular structure of glutenins from wheat flour.
J. Cereal Sci. 3:1-16.

GUPTA, R. B., and SHEPHERD, K. W. 1987. Interaction between genes
controlling a new group of glutenin subunits in bread wheat. Theor.
Appl. Genet. 74:459-465.

HALFORD, N. G., FIELD, J. M., BLAIR, H., URWIN, P.,, MOORE,
K., ROBERT, L., THOMPSON, R., FLAVELL, R. B., TATHAM,
A. S., and SHEWRY, P. R. 1992. Analysis of HMW glutenin subunits
encoded by chromosome 1A of bread wheat (Triticum aestivum L.)
indicates quantitative effects on grain quality. Theor. Appl. Genet.
83:373-378.

HUEBNER, F. R., and BIETZ, J. A. 1991. Relationship of high molecular
weight gliadins to wheat baking quality. Cereal Foods World 36:723.

HUEBNER, F. R., and WALL, J. S. 1976. Fractionation and quantitative
differences of glutenin from wheat varieties varying in baking quality.
Cereal Chem. 53:258-269.

KANAZAWA, H., and YONEZAWA, D. 1973. Studies on polypeptide
composition of “low molecular weight glutenin” (in Japanese). J. Agric.
Chem. Soc. Jpn. 47:17-22.

KAZEMIE, M., and BUSHUK, W. 1990. Identification of a unique group
of high molecular weight proteins in some wheat varieties. Cereal Chem.
67:148-150.

KHAN, K., HUCKLE, L., and FREEMAN, T. 1992. Disaggregation
of glutenin with low concentrations of reducing agent and by sonication-
electrophoretic and SEM studies. Cereal Foods World 37:556.

KHAN, K., and HUCKLE, L. 1992. Use of multistacking gels in sodium
dodecyl sulfate-polyacrylamide gel electrophoresis to reveal polydis-
persity, aggregation, and disaggregation of the glutenin protein fraction.
Cereal Chem. 69:686-688.

LAWRENCE, G. J., MACRITCHIE, F., and WRIGLEY, C. W. 1988.
Dough and baking quality of wheat lines deficient in glutenin subunits
controlled by the Glu-A1, Glu-Bl and Glu-D1 loci. J. Cereal Sci. 7:109-112.

NG, P. K. W., and BUSHUK, W. 1987. Glutenin of Marquis wheat
as a reference for estimating molecular weights of glutenin subunits
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Cereal
Chem. 64:324-327.

NIELSON, H. C., BECKWITH, A. C,, and WALL, J. S. 1968. Effect
of disulfide-bond cleavage on wheat gliadin fractions obtained by gel
filtration. Cereal Chem. 45:37-47.

ORTH, R. A., and BUSHUK, W. 1972. A comparative study of the
proteins of wheats of diverse baking qualities. Cereal Chem. 49:268-
275.

OSBORNE, T. B. 1907. The proteins of the wheat kernel, Publ. 84.
Carnegie Institution: Washington, DC.

PAYNE, P. 1., and CORFIELD, K. G. 1979. Subunit composition of
wheat glutenin proteins, isolated by gel filtration in a dissociating
medium. Planta 145:83-88.

PAYNE, P. 1., and LAWRENCE, G. J. 1983. Catalogue of alleles for
the complex gene loci, Glu-Al, Glu-Bl, and Glu-D1 which code for
high-molecular-weight subunits of glutenin in hexaploid wheat. Cereal
Res. Commun. 11:29-35.

SHEWRY, P. R., HALFORD, N. G., and TATHAM, A. S. 1992. High
molecular weight subunits of wheat glutenin. J. Cereal Sci. 15:115-
119.

SHEWRY, P. R., MIFLIN, B.J., LEW, E. J.-L., and KASARDA, D. D.
1983. The preparation and characterization of an aggregated gliadin
fraction from wheat. J. Exp. Bot. 34:1403-1410.

SINGH, N. K., DONOVAN, R., and MACRITCHIE, F. 1990. Use of
sonication and size-exclusion high-performance liquid chromatography
in the study of wheat flour proteins. II. Relative quantity of glutenin
as a measure of breadmaking quality. Cereal Chem. 67:161-170.

TATHAM, A. S, FIELD, J. M., SMITH, S. J., and SHEWRY, P. R.
1987. The conformations of wheat gluten proteins. II. Aggregated
gliadins and low molecular weight subunits of glutenin. J. Cereal Sci.
5:203-214.

[Received November 5, 1992. Accepted March 5, 1993.]

480 CEREAL CHEMISTRY



