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Abstract Analysis of a cDNA library from wheat cv
Wyuna endosperm, indicated a significant size and se-
quence variation among seed-endosperm protein genes.
In this study, a family of low-molecular-weight seed pro-
tein genes are analysed that are related to the gliadins
and the low-molecular-weight glutenin subunits. Se-
quence analysis and comparison of these proteins
showed that they are closely related to a 17-kDa protein
from barley, € hordein, which plays a role in beer foam
stability in the brewing industry. Mapping of these genes
in wheat shows that they are located on group 7 and 4
chromosomes, as opposed to a group 1 and 6 location for
the glutenins and gliadins. It is possible that this family
of proteins forms a new class of seed-endosperm pro-
teins important in defining the quality characteristics of
wheat flour. Therefore, a representative gene from this
family was expressed in Escherichia coli and the puri-
fied protein was supplemented into a base wheat flour.
Rheological analysis showed that the protein effected
dough strength and resistance break down during mixing
of the dough, and provided a 20% increase in loaf height
after baking.

Keywords Wheat endosperm - Low-molecular-weight
gliadin - Seed protein - Dough rheology - Mapping of
SNPs

Introduction

Large-scale sequence analysis of cDNA libraries pro-
vides expressed sequence tags (ESTs) which specify the
transcripts from genes that are expressed in a particular
tissue. The analysis of ESTs from wheat endosperm tis-
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sue (Clarke et al. 2000, 2001; Anderson et al. 2001) has
shown that the complexity of the seed protein gene fami-
lies is far greater than has so far been indicated by the
analysis of the proteins.

Wheat seed storage proteins consist of two classes,
gliadins and glutenins. Gliadins are monomeric proteins
that, on the basis of their electrophoretic mobility in
A-PAGE (pH 3.1), have been classified as o-, B-, y- and
w-gliadins. These gliadins are polypeptides having intra-
molecular disulphide bonds with the exception of w-glia-
dins, which have no cysteine in their structure (Miiller
and Wieser 1995, 1997). Glutenins are polymeric struc-
tures formed by polypeptides that are held together by
disulphide bonds. They have molecular weights up to
several million Daltons and determine gluten strength
and elasticity. After reduction of disulphide bonds, glute-
nin subunits are divided into two major groups: high-mo-
lecular-weight (HMW) and low-molecular-weight
(LMW) glutenin subunits (GS) determined by their elec-
trophoretic mobility in SDS-PAGE (Payne 1987; Gupta
and Shepherd 1990).

The number and distribution of cysteine residues are
very important structural features within the gluten pro-
teins because of their involvement in forming intra- and
inter-molecular bonds.

Usually, a-gliadins have six cysteine residues in their
structure while y-gliadins and LMW glutenin subunits
contain eight cysteines. While the o- and y-gliadins form
only intra-molecular disulphide bonds, the LMW glute-
nin subunits have two cysteines involved in inter-molec-
ular disulphide bonds (Kohler et al. 1993; Miiller et al.
1998). The disulphide residues available for inter-molec-
ular bonding are not randomly distributed in the protein
but are located in specific positions in the peptide chain
(Grosch and Weiser 1999). Only a small number of cys-
teine residues are able to form inter-molecular disulphide
bonds. These cysteine residues named Cb* and C* ac-
cording to Kohler et al. (1993), observed in LMW glute-
nin subunits, are responsible for the high aggregation
tendency of these type of proteins. These cysteines are
not present in monomeric gliadins (Miiller et al. 1998).
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The contribution of the seed storage protein groups to
dough properties has been studied extensively. However,
due to the difficulty of obtaining sufficient quantities of
purified native protein for these studies, the bacterial ex-
pression of proteins has been adopted as a model. In this
model the proteins are incorporated into flour by first
partially reducing the dough, to allow them access into
the glutenin matrix, then re-oxidizing it to include them
in the polymers. In the case of HMW glutenin subunits,
excellent agreement has been obtained between experi-
ments where bacterially expressed proteins and native
proteins, isolated from wheat, have been incorporated in-
to flour (Bekes et al. 1994a; Dowd and Bekes 2002).

When HMW and LMW glutenin subunits are supple-
mented into flour, it is necessary to chemically incorpo-
rate them into the protein matrix of the dough, to observe
their full effect. However, when gliadins are supplement-
ed into flour (Bekes et al. 1994a), with or without chemi-
cal incorporation, they behave in the same way (Murray
et al. 1998).

Studies of the impact of gliadin on dough mixing
properties (MacRitchie 1987) have shown that they re-
sult in weaker and less-stable dough preparations, as in-
dicated by decreases in mixing time and peak resistance,
and an increase in resistance breakdown (Hussein and
Lukow 1997; Uthayakumaran et al. 1999). These chang-
es result in increased extensibility and poorer baking
performance of the dough. Dough strength and stability
are directly related to the molecular size of the glutenin
polymer. Thus, in general, the HMW-GS make a larger
contribution to dough strength and stability than the
same molar amount of LMW-GS.

In describing dough or bread-making properties, only
a percentage of the variation in quality traits can be relat-
ed to the composition of the glutenin and gliadin pro-
teins. Studies by Pomeranz (1988) indicate that some
non-gluten proteins, and other flour components such as
lipids, pentosans and starch, also influence quality traits.
An example is the negative effects of certain globulin
proteins on dough properties (MacRitchie 1987).

In our analysis of EST sequences (Clarke et al. 2000)
we identified several ‘novel”’ LMW endosperm proteins
(designated as LMW-gliadin in this manuscript) that
were similar to the LMW-gliadin classes of prolamins
(Salcedo et al. 1979; Rocher et al. 1996) and e-hordein
storage proteins in barley (Hordeum vulgare L.). The
17-kDa e-hordein protein has been studied (Vaag et al.
2000) in relation to beer foam stability. Since many ap-
plications of wheat flour in the production of food prod-
ucts involve the formation of foams, further characterisa-
tion of the LMW-gliadin genes was undertaken.

Materials and methods

cDNA library construction, DNA sequencing and sequence
alignments

RNA was isolated from 8 to 12 days post-anthesis (DPA) endo-
sperm tissue from wheat cv ‘“Wyuna’ and used to generate a cDNA

library. The EST clones were sequenced in a single pass from the
5" end and interesting candidate genes were sequenced in both ori-
entations (Clarke et al. 2000).

Wheat mapping lines

DNA from the nulli-tetra and deletion line wheat cytogenetic
stocks (Endo and Gill 1996) were kindly supplied by Qi and Gill,
Kansas State University. M. Pallotta (University of Adelaide,
Waite campus) kindly provided the DNA from the deletion lines
that were originally supplied by A. Lukaszewski (UC, Riverside
USA).

Data storage and sequence analyses were carried out through
the Australian National Genomic Information Service (ANGIS),
Bay 16/104, Australian Technology Park, Eveleigh NSW 1430,
Australia (http://current.angis.org.au/).

Amplification of LMW-gliadin seed protein genes
from genomic DNA

PCR (polymerase chain reaction) primers used for the amplifica-
tion of LMW-gliadin seed protein genes from genomic DNA were
as follows: (5'TT(A/G)TAGCCA(G/A)CCACCATGAAGAZ')
which spans the start codon and part of the signal peptide region
for these genes, and (5’CAGATCTTAGCAGG(T/C)(C/A)CCA-
CCA 3’) which covers the 3" end of the gene and spans the stop
codon. The reactions were done in PCR SuperMix (GibcoBRL
Life Technologies Inc. N.Y., USA) containing 3.2 pmol of the 5
primer, 5.6 pmol of the 3" primer and 50 ng of template DNA in a
25-ul reaction. The amplification conditions were as follows:
1 cycle of 94 °C/1 min; 25 cycles of 94 °C/30 s, 77 °C/1.5 min.

Detecting single nucleotide polymorphisms (SNPs) and mapping
of the LMW-gliadin genes

Gene family members of the LMW-gliadin seed proteins were
aligned using ECLUSTALW (a multiple sequence alignment pro-
gram from the Wisconsin Computer Group). SNPs characterizing
the different gene family members were used to generate gene-
specific primers (Table 1). These primers were used for PCR anal-
ysis of DNA from the nulli-tetra and deletion-line wheat cytoge-
netic stocks (Clarke et al. 2001) to map the chromosomal location
of these genes.

Synthesis and cloning of the LMW-gliadin seed protein gene

The genic region coding for the mature peptide (minus the signal
peptide) was amplified from clone LMGIil111 using the following
two primers.

(1) Neol primer 5 TCTAAACCATGGTTGCGCAGCTGGACAC,
(2) BamHI primer 5° TCTAAAGGATCCTTAGCAGGTACCAC-
CAAC.

Table 1 Sequence primers used for mapping the LMW-gliadin
genes in wheat

Primer name Primer sequence 5’ to 3’

LMGIi1058F CAGCCACCATGAAGAACC
LMGIi1199F CAGCCACCATGAAGACCA
LMGIil111F CTCGCGGCGACTAGCGTC
LMGIi2482F CCATGAAGACCATGTTCC
LMGIi1058R GGACATATGCTGTCTGGC
LMGIi1199R GGACATATGGTGTCTGGT
LMGIil111R ATGACCTGGGCCACACCG
LMGIi2482R ACCATCCTCATTATCTCG




The amplified DNA and the pET11d expression vector were cut
with Ncol and BamHI restriction endonucleases, ligated overnight
at 16 °C and transformed into competent cells of strain GJ1158 by
electroporation following standard protocols. Transformed colo-
nies were screened for inserts of the correct size (486 bp) and
these were sequenced in both directions to ensure the integrity of
the cloned fragment relative to the original clone LMGIill11.

Bacterial strains and plasmids

Escherichia coli strain GJ1158 (Bhandari and Gowrishanker 1997)
was used as the expression host strain in this work, with the ex-
pression vector plasmid pET11d (Novagen Inc., Madison Wis.
53711, USA) as described below. Bacterial cell cultures were
grown using Luria-Bertani medium supplemented where appropri-
ate with ampicillin (200 mg/1). Large-scale cultures for protein ex-
pression were also supplemented with glycerol (30 mM) as a car-
bon source.

Expression and purification of LMGlil111

The procedure was that used by Solomon and Appels (1999). The
induced and control cultures were analysed by SDS-PAGE using
the tris-tricine discontinuous electrophoresis system (Schagger
and von Jagow 1987). Large-scale (1 litre) cultures for purification
of LMGIill11 were inoculated with a 5-ml overnight culture and
induced to express LMGIil111 by the addition of NaCl to 280 mM
and IPTG to 1 mM at a cell density of 0.4-0.6. The culture was in-
cubated with shaking overnight at 37 °C and cells were harvested
by centrifugation at 10,000 rpm for 10 min at 4 °C. The cell pellet
was resuspended in 5 mM DTT at approximately 5 ml/g (wet
weight) and absolute ethanol was added to a final concentration of
70% (v/v). The LMGIil111 protein was purified from the cell pel-
let by aqueous ethanol extraction as described in Solomon and
Appels (1999). The purified acetone precipitate of the protein was
dried at room temperature before resuspension in 70% ethanol and
dialysed for 72 h against 0.1% acetic acid at 4 °C using a
12,000 Da cut-off dialysis membrane and then lyophilised. Protein
yield was determined by dry weight and was about 22 mg from 4 1
of culture.

N-terminal amino-acid sequencing

N-terminal amino acid sequencing of the expressed protein, by au-
tomated Edman degradation, was carried out at the Australian
Proteome Analysis Facility, Macquarie University, Sydney, Aus-
tralia, 2109.

Dough testing and baking studies

The impact of the LMGIil111 protein on mixing and baking prop-
erties were investigated by supplementing the purified protein into
bread-making flour, milled from the cultivar Janz (protein content:
10.2%). Two experimental designs were used. A reversible reduc-
tion/oxidation procedure (Békés et al. 1994b), in which the chemi-
cal bonds holding together the glutenin polymer are broken by re-
duction and, on re-oxidation, the added polypeptides can incorpo-
rate into the polymeric glutenin structure, the other straightfor-
ward addition (without oxidation and reduction). The same proce-
dure was applied to both, but the reducing and oxidising agents
were replaced with the same volume of water for the ‘simple addi-
tion’ method.

Mixing studies were carried out, in triplicate, with a prototype
Mixograph (Gras et al. 1990) using 2 g of flour into which 5 mg of
the test protein (LMGIill11) was added. Mixing parameters were
determined using a modification of a previously reported comput-
er program (Gras et al. 1990). The parameters determined were:
mixing time (MT); peak resistance (PR); bandwidth at peak resis-
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tance (BWPR); resistance breakdown (RBD); bandwidth break-
down (BWBD); time to maximum bandwidth (TMBW) and maxi-
mum bandwidth (MBW).

Test baking was carried out, in duplicate, using a procedure
employing 2.4 g of dough and optimal conditions of reversible re-
duction/oxidation, prepared in the 2-g Mixograph (Uthayakumaran
et al. 2000). Loaf height (LH) was used to determine the baking
performance. The reproducibility is indicated by the least signifi-
cant difference (LSD).

Results and discussion

Identification of the LMW-gliadin seed-protein gene
family by EST analysis and mapping of genes

From our EST sequence analysis, several clones encod-
ing the LMW-gliadin seed-protein family were identi-
fied. Sequence analysis of these clones showed that they
are similar to LMW-GS and gliadins, as determined by a
BLASTX search of the GenBank database, but the ex-
pected scores were lower than true orthologs, being in
the range of 1E-13 to 1E-17 (Clarke et al. 2000). Char-
acterisation of these sequences, at the nucleotide and
amino-acid level, identified them as being closely related
to the 17-kDa foam-stabilising € hordein (88% identity)
protein (Vaag et al. 2000) and an LMW gliadin, 11dc7
(93% identity), reported by Anderson et al. (2001)
(Fig. 1). EST clones of these LMW-gliadin genes were
relatively abundant with 69 clones identified from the
4,374 clones sequenced. Sequence alignments suggested
a gene family comprising four different family members
represented by the clones LMGIillll, LMGIi2482,
LMGIi1058 and LMGIi1199 (Fig. 1). The LMGIi desig-
nation indicates their similarity to the low-molecular-
weight gliadin proteins mentioned above and the num-
ber, their clone ID, in our database. The transcript abun-
dance for each family member was 27, 9, 11 and 22
ESTs, respectively.

C
C
O
o
Loy

T

Fig. 1 Predicted amino-acid sequence for the gene 11dc7 isolated
by Anderson et al. (2001), the 17-kDa e-hordein protein of Vaag et
al. (2000) and the four representatives, LMGIil111, —1058, —2482
and —1199, of the LMW-gliadin seed-protein family members
(novel seed storage protein) from Clarke et al. (2000). Sequence
data is from the start of translation to the stop codon (*). The | in-
dicates the putative start of the mature peptide. The repetitive PQ
amino-acid domain is indicated by bold type and cysteine residues
are underlined
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Fig. 2 Nucleotide sequences of the four members of the LMW-
gliadin seed-protein family discussed in the manuscript. The prim-
ers used for the amplification of all family members from genomic
DNA are underlined. The primers designed to specifically amplify
the genes LMGIilll11l, LMGIi1199, LMGIi2482 and LMGIil158
are in bold type and those used to sub-clone the LMGIill1l gene
into the expression vector are shaded and underlined

Primers were selected close to the start and termination
sites of translation for these genes (Fig. 2) and used for
PCR amplification of total DNA from wheat cv
Wyuna. An approximately 480-bp band of predicted size
was amplified and sequenced, which confirmed that these
cDNAs were present in the genome and were not post-tran-
scriptional modifications of previously identified seed-stor-
age protein genes. These proteins do not contain introns, as
is also the case with the seed-storage protein genes.

Sequence alignment of the four family members using
ECLUSTALW revealed single nucleotide polymorphisms
(SNPs) amongst the different genes, and oligonucleotide
primers of 18 bp were generated which terminated 3" at
these sequence differences (Fig. 2). The primers are listed
in Table 1. The chromosomal locations of these genes
were determined by PCR amplification of genomic DNA
from nulli-tetra and deletion line wheat cytogenetic
stocks, as discussed in Clarke et al. (2001). Primers spe-

cific for the clone LMGlill111 amplified a product from
chromosome 7DS, and the primers for clone LMGIli2482
a band from chromosome 7D. Primers specific for clone
LMGIi1058 amplified a band from chromosome 4A, and
primers for clone LMGIi1199 from chromosome 7AS. It
was not possible to determine a chromosomal arm loca-
tion for genes LMGIi2482 and LMGIi1058, probably be-
cause graded deletions covering the whole arm are not
available within the deletion-line stocks.

The LMW-gliadin genes and their relationship
to the seed-storage protein genes

The major sequence variation that discriminates the four
family members is the diversity that occurs in a repetitive
proline glutamine (PQ),-rich domain (Fig. 1). Family
members have deletions of 2, 6 and 8 amino acids within
this region when compared to the largest gene member
LMGIi1058. In addition, clone LMGIi2482 has another
11 amino acid-deletion, 64 amino acids downstream from
the first, in a glutamine-rich domain (Fig. 1).

The amino-acid sequence of the LMW-gliadin pro-
teins consists of a signal peptide of 20 amino acids fol-
lowed by a short N-terminal sequence of 12 amino acids,
containing the first two cysteines (positions 5 and 12).
The usual repetitive sequence observed in gliadins (o-
and y-type) and LMW glutenin subunits is truncated in
this new type of protein, and only a few amino acids (i.e.
7 in LMGIil111 and 15 in LMGIi1058) remain. Follow-
ing the repetitive domain there is a C-terminal region
with high homology to the y-gliadins.

In addition to the similarity of the two genes compared
in Fig. 1, two small secalins named rye-15 and rye-18
(Rocher et al. 1996) and the LMW gliadins of Salcedo et
al. (1979) are also very similar. The endosperm proteins
described by Salcedo et al. (1979) are hydrophobic with a
molecular weight in the range of 17,000-19,000 Da and
an electrophoretic mobility at pH 3.2, the same as in clas-
sical gliadins. These proteins also have a high level of
cysteine and a lower content of glutamine and proline,
compared with the typical gliadins, and they have been
named LMW-gliadins. Salcedo et al. (1980) localized
these LMW-gliadin genes to chromosomes 7A, 7D and
4B, the same chromosomal locations as the proteins de-
scribed here. The fact that we assigned the clone
LMGIi1058 to chromosome 4A is explained by the mis-
classification of this chromosome as 4B at the time when
Salcedo’s group were working with these proteins.

Characteristics and functionality

The number and spacing of the eight cysteine residues
present in the y-gliadins are also conserved in the LMW-
gliadin proteins. The C-terminal region of the y-gliadin
protein is known to assume a compact structure with a
marked surface hydrophobicity (Popineau and Pineau
1987). In addition, the LMW-gliadin proteins have six



extra cysteines, four in the C-terminal region and two in
the N-terminal region. The even number of these cys-
teine residues might result in the formation of more in-
tra-molecular disulphide bonds and therefore a more
compact structure than that observed in y-gliadins. The
even number of cysteines in this protein suggests that
none are available for inter-molecular disulphide bond-
ing. This assumption is strengthened by the fact that no
protein of a similar molecular weight has been described
for the glutenin class of proteins (Gupta and Shepherd
1990; Nieto Taladriz et al. 1997; Gianibelli et al. 2002).
Recently, it has been reported that about 5% of the cyste-
ines present in wheat flour are as free SH groups (Grosh
and Weiser 1999) and, thus, do not form disulphide
bonds. Of the total cysteine composition in the seed-stor-
age proteins, only a small number of residues are able to
form inter-molecular disulphide bonds (Hiittner and
Weiser 2001) and these cysteine residues are not present
in monomeric gliadins. The residue located at position 5
of the N-terminal sequence in the LMW-gliadin proteins,
however, is located in a similar position to that of the
LMW-mc5 type of glutenin protein (LMW glutenin sub-
units with a methionine at the beginning of the N-termi-
nal sequence and a cysteine at position 5) that is associ-
ated with inter-molecular bonding.

The repetitive domain of the prolamin proteins has
been considered to be an important feature in the deter-
mination of protein elasticity, particularly in the HMW
glutenin subunits. The fact that high levels of glutamine
are present in the repetitive domain means high levels of
OH- groups are available to form hydrogen bonds that
contribute to the elasticity of the proteins (Shewry et al.
2001). This attribute would be negligible in the LMW-
gliadin proteins.

The glutenins and gliadins represent 10% of the EST
sequences in our library; 17% of these are LMW-gliadins
as discussed here. Therefore, the abundance of the
LMW-gliadin gene transcripts in endosperm tissue and
their similarity to the seed-storage protein group of
genes suggests that they may play an important role in
the quality attributes of wheat flour. The novel character-
istics of this protein are its high cysteine content and the
lack of a large repetitive domain. These properties, and
the additional characteristic of gas bubble stabilisation
observed by Vaag et al. (2000) for the e-hordein protein,
suggest that the LMW-gliadin proteins may produce
novel characteristics in the dough.

Bacterial expression of the LMW-gliadin protein

Clone LMGIil111 was selected as representative of this
gene family. The predicted ORF of this cDNA clone was
expressed in bacteria, and the purified protein (Fig. 3)
was subsequently incorporated into bread dough. Se-
quence analysis of the N-terminal end of the purified
protein showed that the major signal for the first nine
amino acids are (VAQLDTTCS) (data not shown) as pre-
dicted from the gene sequence used for expression.
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Fig. 3 SDS-PAGE gel using Tris-Tricine discontinuous electro-
phoresis. Lanes I to 6, a time-course showing increasing levels
of expression of the LMW-gliadin protein in whole-cell extract:
lane 1 is at the time of induction and /ane 6 after overnight expres-
sion. Lane 7 low-range protein molecular-weight standard (Gi-
bcoBRL Life Technologies Inc. N.Y., USA). Lane 8 whole-cell
extract after overnight induction of protein. Lane 9 expressed pro-
tein after the purification step

The influence of LMGIil111 protein on dough properties

The addition of 5 mg of the LMGIill11 protein (without
chemical incorporation) into the base flour showed that
the dough had a decreased mixing time (MT) and time to
maximum bandwidth (TMBW) with an increase in resis-
tance breakdown (RBD) (Table 2). This is similar to the
effect achieved by the addition of monomeric proteins,
which also cause a decrease in dough-mixing parame-
ters. Similar results have been obtained for the addition
of unincorporated gliadins (Fido et al. 1997), HMW-GS
(Bekes et al. 1994c) and LMW-GS (Lee et al. 1999).
Therefore, in these experiments, the LMGIill111 poly-
peptide when simply added to the base flour acted as a
monomeric protein.

Incorporation of the LMGIil111 polypeptide into the
base flour resulted in statistically significant increases in
MT, TMBW, maximum bandwidth (MBW) and RBD. In
addition, slight positive changes were observed in peak
resistance (PR), bandwidth at peak resistance (BWPR)
and a slight decrease in bandwidth breakdown (BWBD)
(Table 2). These changes in mixing properties are analo-
gous to those observed when incorporating glutenin sub-
units into the polymeric gluten network. The extent of
these changes is significantly smaller than that obtained
with HMW-GS (Bekes et al. 1994a,1994c) and smaller,
but comparable, to those with LMW-GS (Lee et al.
1999).

Changes in RBD caused by the incorporation of
LMGIillll protein are unusual. RBD is a measure of
dough stability which shows how sensitive the dough is
to over-mixing; a higher RBD value indicates a less-sta-
ble dough. Usually, dough strength and dough stability
change in parallel with an increase in dough strength
leading to increased dough stability (decrease in RBD).
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Table 2 Mixing properties and baking performance of flours sup-
plemented with the LMGIillll polypeptide. All data are ex-
pressed as a value relative to the control flour, which is set at 100.
(MT) Mixing time, (PR) peak resistance, (BWPR) bandwidth

at peak resistance, (RBD) resistance breakdown, (BWBD) band-
width breakdown, (TMBW) time to maximum bandwidth, (MBW)
maximum bandwidth and (LH) Loaf height. LSD, least significant
difference at P = 0.05

Item MT PR BWPR RBD BWBD TMBW MBW LH
Control 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100
Addition 94.8 98.8 96.1 114.7 102.9 91.5 99.1 104
Incorp. 111.4 104.0 104.0 146.9 95.2 117.8 113.0 119
LSD 4.2 5.7 4.7 7.4 4.8 4.6 5.2 9.6

The incorporation of LMGIillll protein resulted in a
significant increase in dough strength (represented by the
increased mixing requirement) and, at the same time, a
very significant increase in RBD, i.e. decreased dough
stability (Table 2). This dual impact clearly indicates that
the changes in the dough structure caused by the pres-
ence of LMGlIill11 protein are not the same as those that
occur when the dough is enriched by glutenin subunits.

Effect of LMGIil111 protein on baking

Incorporating the LMGIil111 polypeptide into the dough
led to an almost 20% increase in baking performance as
characterized by an increase in loaf height (Table 2),
which is a significantly larger influence than that ob-
served by adding/incorporating the same amount (5 mg
to 2 g of flour) of any gliadin or glutenin polypeptides
(Bekes and Gras 1999). This indicates that the effect is
not only based on changes in dough properties, such as
dough strength or extension, but may be related to other
parameters such as gas-holding capacity.

Conclusion

Analysis of ESTs from a particular tissue can indicate
not only the range of genes being expressed but also the
relative levels of expression of these genes. Using our
knowledge of the biological process under investigation,
in this case the types and interaction of the seed-storage
proteins, new genes were identified. From sequence in-
formation, the structure, chromosomal locations and ex-
pression levels of the individual gene members were de-
termined. In turn, bacterial expression, purification and
subsequent incorporation into bread dough, of a repre-
sentative protein from the LMW-gliadin gene family, has
revealed the characteristics these proteins exhibit in
dough rheology and baking studies.

This is the first experimental finding on the effect of
incorporation of a seed protein lacking the central repeti-
tive domain on mixing properties of dough. Another fea-
ture that make this protein unique is its high cysteine
content. The reduction and oxidation of flours containing
the LMW-gliadin proteins is likely to result in their in-
corporation into the glutenin structure of the dough. In-
corporation of 5 mg of the proteins showed excellent re-

producibility and a significant impact on dough proper-
ties. This amount of LMW-gliadin protein increased the
protein content of the flour by 2.5%.

An unexpected outcome of incorporating this protein
into dough is the breaking of the nexus between dough
strength and dough stability. In all proteins tested to-
date, increases in dough strength (increased mixing time)
have led to more stable dough (reduction in resistance
break down). A novel characteristic of these genes, ob-
served in sequence comparisons to gliadin and LMW
glutenin genes, is the lack of a central repetitive domain.
The dough rheology results suggest the role of this re-
gion in the expressed protein, once it is introduced into
the glutenin polymer, to provide elasticity to the dough.
Consequently, these proteins add to dough strength by
incorporating into the glutenin polymer during dough
formation. Once formed, however, the RBD is reduced
because these proteins lack the elasticity to resist over-
mixing.

In addition, an almost 20% increase in baking perfor-
mance was obtained. This increase is beyond that which
can be accounted for in the changes to the rheology of
the dough. Dough rheology gives a physical measure of
the characteristics of the dough, in terms of strength
(MT) and elasticity (RBD) to resist CO, gas expansion.
However, the chemical composition provides a barrier to
trap the gas in pockets preventing its diffusion through-
out the dough. An explanation for this also relates to the
lack of the repetitive domain. This domain is hydrophilic
and, therefore, polymers formed with proteins that lack
this region would become more hydrophobic thus en-
abling better CO, retention in the dough during baking.
This would be consistent with the action of the 17-kDa
hordein protein in foam stabilisation.

The addition of this protein into bread flours would
provide a significant increase in loaf volume without the
accompanying increase in mixing energy that would nor-
mally be required for stronger dough.
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