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Abstract We describe the sequence of a gene encoding a
high molecular weight glutenin subunit (HMW-GS)
expressed in the endosperm of the wheat relative Austra-
lopyrum retrofractum. Although the subunit has a similar
primary structure to that HMW-GS genes present in other
Triticeae species, its N-terminal domain is shorter, its
central repetitive domain includes a unique dodecameric
motif, and its C-terminal domain contain an extra cysteine
residue. A phylogenetic analysis showed that the Glu-W1
gene is neither a true x- nor a true y-type subunit, although
it is more closely related to the y-type genes present in the
K and E genomes than to any other published HMW-GS
gene. All these results indicated that this novel subunit may
undergo a special evolutionary process different from other
Triticeae species. A flour supplementation experiment
showed that the Glu-WI subunit has a negative effect on
dough quality, which might be the result of interaction
between the two closely placed cysteine residues in the
C-terminal region.
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Introduction

The high molecular weight glutenin subunits (HMW-GSs)

present in wheat and some of its related grasses are well
established as major determinants of dough visco-elasticity
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(Payne et al. 1987, 1988). The encoding Glu-1 loci have
been mapped to the long arms of chromosomes 1A, 1B and
1D of bread wheat, with each locus comprising two tightly
linked genes, designated as the x- and y-type. The gene
products of Glu-Ix and Glu-1y are distinguished from one
another primarily on the basis of their size (Lawrence and
Shepherd 1981; Payne 1987). A number of Glu-1 genes
have been cloned, both from bread wheat itself and some of
its relatives (Forde et al. 1985; Sugiyama et al. 1985;
Thompson et al. 1985; Halford et al. 1987, 1992; Anderson
and Greene 1989; Anderson et al. 1989). Analysis of their
coding sequences has shown that the HMW-GS polypep-
tides are composed of a central repetitive region flanked by
two highly conserved terminal non-repetitive domains. The
x-type subunit N-terminal domain comprises between 81
and 89 residues, while of the y-type is typically 104 or 105
residues. The central region consists of two duplicated
11-12 residue motifs, followed by an array of tri-, hexa-
and nonapeptide repeats, although the tripeptide motif is
not found in the y-type subunit. Five conserved cysteine
residues are present in the y-type N-terminal domain, two
of which have been lost from the x-type subunits due to an
18 residue deletion. The C-terminal domain of all known
subunits comprises 42 residues, including one conserved
cysteine residue.

Sequence comparisons between various Glu-1 alleles
have been used to make inferences regarding the evolution
of species in the grass family. The origin of the linked pair
of genes at each locus is thought to reflect the occurrence of
a duplication in the ancestral gene (Shewry et al. 2003a),
dated to 7.2-10.0 MYA (million years ago), which is ear-
lier than the likely differentiation of the A, B, D and G
genomes (5.0-6.9 MYA) (Allaby et al. 1999).

Australopyrum retrofractum (Vickery) A. Love (2n =
14, WW) is a self-compatible Triticeae species (Connor
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et al. 1993), endemic to New South Wales (Australia). Its
genome (W) is present in a number of Australasian poly-
ploid grasses (Stewart et al. 2005), but the evolutionary
relationship of the W to the other Triticeae genomes has
not been explored to date. Here, we report the isolation and
characterization of Glu-WI from A. retrofractum. Our
purpose for targeting this locus was the possibility that it
may prove to be of value for the improvement of the end-
use quality of bread wheat, but also that it could extend our
current understanding of the evolution of the HMW-GS
gene family, and shed some light on speciation within the
Triticeae.

Materials and methods
Plant materials

Seeds of A. retrofractum (accession number PIS31553)
collected from Australia were kindly presented by Dr Lu
(Fudan University, China). Common wheat Chinese Spring
(1Bx7 + 1By8, 1Dx2 + 1Dyl12) and Jinanl77 (1Bx7 +
1By9, 1Dx2 + 1Dyl12) were used for estimating the
electrophoresis mobility of the HMW-GS and of
A. retrofractum.

SDS-PAGE

The HMW-GSs of A. retrofractum and bread wheat (cvs.
Chinese Spring and Jinan177) were extracted from mature
seeds, as described by Mackie et al. (1996). Each seed was
crushed and extracted in 625 pl 50% (v/v) 1-propanol, 1%
(w/v) DTT at 60°C for 30 min. After centrifugation
(15,000¢, 10 min), a 400 pl aliquot was removed to a fresh
tube and the HMW-GSs precipitated by adding 100 pl
1-propanol containing 1% (w/v) DTT, and leaving at room
temperature for 30 min. The precipitate was collected by
centrifugation (15,000g, 10 min), washed in 60% (v/v)
1-propanol, 1% (w/v) DTT, and resuspended in 100 pl
SDS extraction buffer. A 20 pl extract was loaded onto an
SDS-PAGE gel, formed from a 4% stacking gel (pH 6.8)
overlying a 7.5-10% gradient separating gel (pH 8.5).
Separation was carried out at 6 mA for 14-16 h, after
which the gel was stained in 0.1% w/v Coomassie Brilliant
Blue R250, 10% v/v carbinol, 50% v/v acetic acid for
20 min, and destained by boiling for 1 h in distilled water.

Cloning and sequencing of the Glu-WI open reading
frame

Genomic DNA was extracted from a single A. retrofractum

seedling using the CTAB method (Murray and Thompson
1980). A pair of degenerate primers was used to amplify
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Glu-W1, namely P1 (5-ATGGCTAAGCGGc/tTa/gGTCC
TCTTTG) and P2 (5-CTATCACTGGCTa/gGCCGACA
ATGCG). The subsequent PCR employed high fidelity LA
Taq polymerase (TaKaRa, Dalian, China) with GC buffer,
and the amplicons were separated through 1.0% agarose
gels, purified, cloned into pMDI18-T (TaKaRa, Dalian,
China), and transformed into competent E. coli DH10B
cells. Both the PCR amplification and the cloning were
repeated at least three times. Sub-clones of three randomly
selected clones were prepared using the nested deletion
method of Sambrook et al. (1989), and submitted for
sequencing. Sequences were analysed using MEGA soft-
ware (Kumar et al. 2004), along with other standard pro-
grams mounted on the NCBI (http://www.ncbi.nlm.nih.
gov/Tools/) and EBI websites (http://www.ebi.ac.uk/Tools/
sequence.html).

Heterologous expression of HMW-GS genes in E. coli

To enable the heterologous expression of mature A. retro-
fractum HMW-GS genes in E. coli, the primer pair
Pl (5-ACCCATATGGAAGGTGAGGCCTCT) and P2
(5-CTAGAATTCCTATCACTGGCTGGCCGA) was used
to amplify the open reading frame (ORF), and not the
signal peptide. The P1 primer includes an Ndel and P2 an
EcoRlI restriction site to facilitate subsequent cloning. The
amplicon was cloned into pET-24a (Novagen) and trans-
formed into E. coli BL21 (DE3) pLysS (Promega). Het-
erologous gene expression was induced by the addition of
1 mM IPTG, and proteins were extracted from the bacteria
by lysis in SDS-PAGE sample buffer (Wan et al. 2002).
For the purification of large amounts of heterologously
expressed protein, a single transformed colony was inoc-
ulated into 20 ml LB liquid medium containing 30 mg/1
kanamycin, which was incubated overnight and then
combined with 2,000 ml LB liquid medium and held at
37°C. When the ODgqq of this culture reached 0.6, heter-
ologous protein expression was induced by the addition of
IPTG to a final concentration of 1 mM. Bacterial cells were
harvested by centrifugation (10,000 rpm, 4°C, 3 min). The
heterologous HMW-GS proteins were extracted from these
cells following Chen et al. (2009).

N-terminal amino acid sequencing

The purified HMW-GS proteins were electrophoretically
transferred to a polyvinylidene difluoride (PVDF) mem-
brane in preparation for amino acid sequencing. The
sequencing was performed using an automatic amino acid
sequencer (Applied Biosystems) at the National Key Lab-
oratory of Protein and Plant Genetic Engineering, Beijing
University, China.


http://www.ncbi.nlm.nih.gov/Tools/
http://www.ncbi.nlm.nih.gov/Tools/
http://www.ebi.ac.uk/Tools/sequence.html
http://www.ebi.ac.uk/Tools/sequence.html
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Functionality of the cloned A. retrofractum HMW-GS
subunit

The purified A. retrofractum HMW-GS was tested for
functionality by mixing with flour milled from cv. Jinan177.
A 10 g sample of normal flour (14.5% moisture and 12.6%
protein content) was supplemented with 25 mg heterolo-
gously expressed A. retrofractum HMW-GS protein, and
this was mixed with 4.9 ml water and 0.6 ml I mg/ml DTT
for 30 s. After a resting period of 4 min, the dough was
treated with 0.72 ml 10 mg/ml KIO3, mixed for 30 s, rested
for 5 min, and finally mixed for 10 min. Mixing curves and
other dough quality parameters were obtained with a Mix-
ograph device. Four parameters were selected to evaluate
the effect of heterologously expressed protein on dough
property of bread wheat, out of them, mixing time (MT),
TxW and PW are measurement of dough strength while
RPS is an inverse measurement of dough stability (Walker
and Walker 1992, Lee et al. 1999, Chen et al. 2009).

Results
HMW-GS of A. retrofractum

The electrophoretic mobility of the single A. retrofractum-
specific HMW-GS observed is similar that of the 1Dx2
subunit present in both cvs. Jinan177 and Chinese Spring
(Fig. 1). The PCR amplicon consisted of a single fragment
of length ~2.5 kb (Fig. 2), but restriction digestion of a
series of clones of this amplicon showed that the amplicon
was heterogeneous. One of these sequences (W2.5) was
selected to represent the sequence of Glu-WI. It was
transformed into E. coli to achieve heterologous expres-
sion. The electrophoretic mobility of the heterologous
protein was indistinguishable from that of the Glu-WI
product present in the endosperm of A. retrofractum
(Fig. 3a); The SDS-PAGE profile of the purified heterol-
ogous HMW-GS product consisted of only a single band
(Fig. 3b), confirming that the purification procedure had
successfully removed all contaminating E. coli proteins.
Furthermore, the N-terminal amino acid sequencing of
the protein used for flour supplementation showed that
its N-terminal peptide sequence was EGEASGQLKCER,
as expected from the nucleotide sequence of Glu-W1.

The deduced peptide sequence of the Glu-WI product

The deduced peptide sequence of the Glu-WI product
comprised four regions: a signal peptide, a central repeti-
tive region and the conserved terminal (N and C) regions.
Five cysteine residues were present in the N-terminal
region, and their positions were identical to those in y-type

Fig. 1 SDS-PAGE profiles of endosperm proteins. Lane 1 A.
retrofractum, lane 2 bread wheat cv. Jinanl177, lane 3 bread wheat
cv. Chinese Spring

M Ar

3530bp

2027bp
1904bp

1584bp
1375bp

Fig. 2 The A. retrofractum HMW-GS amplicon (lane Ar). Lane M
EcoRI + HindIII digested A DNA

subunits (Fig. 4a). However, the Glu-WI product differed
from the standard sequence in four ways: (1) Its N-terminal
region contained 75 residues, which is rather shorter than
most known HMW-GSs (Fig. 4a); (2) an N-terminal con-
served glutamine residue (present in all known x-type, but
absent from most y-type subunit), was present (Fig. 4a).
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Fig. 3 SDS-PAGE analysis of heterologously expressed Glu-Wi.
The arrowhead indicates gene products of M, similar to that of the
Glu-WI product expressed in the endosperm of A. retrofractum
(arrowed). a Total proteins prepared by dissolving transformed E. coli
cells directly in SDS-PAGE buffer. Lane 1 A. retrofractum endo-
sperm proteins, lanes 2—4 proteins expressed from IPTG-induced

(3) The length of its C-terminal region (45 residues) is three
residues longer than those of published HMW-GSs, since it
has a duplication of a cysteine—arginine—leucine tripeptide;
this introduces an additional cysteine within the C-terminal
domain (Fig. 4b). (4) The two long peptides (11mer, fol-
lowed by a 12mer) present at the upstream end of the central
repetitive region of typical HMW-GS sequences were
absent; in addition, a unique hexa- or nonapeptide motif
(P/SGQGQPQGQGQQ) was present in this region, as well
as an 18 residue (PGQGQPQGQGQPQGQGQQ) motif
produced by the duplication of GQPQGQ (Fig. 5).

Evolutionary relationship of W2.5 with published
Glu-1 genes

A phylogenetic analysis was based on an alignment of both
the N-terminal region and the full length sequence. Both
generated the expected separation of x- from y-type
sequences, and showed that the Glu-W1 product sequence
was closely related to neither group, although it appears to
be closer to a y- than to an x-type (Fig. 6). The closest
y-type genes to Glu-W1 are those in the E and K genomes.

Functional properties of heterologously expressed
protein of W2.5

The various Mixograph values obtained from the supple-
mented flour dough are given in Table 1. When the Glu-W1/
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E. coli transformed with Glu-W1I, lane 5 proteins expressed from non-
IPTG-induced E. coli, lane 6 proteins expressed from IPTG-induced
E. coli carrying an empty vector. b Preparative purification of
heterologous Glu-WI product. Lane I A. retrofractum endosperm
proteins, lanes 2—4 heterologous proteins purified from IPTG-induced
E. coli transformed with Glu-W1

product was incorporated into cv. Jinan177 flour, there was
a decrease in TxW (curve width), PW (peak width) and
RPS (right of peak slope) and a slight increase in MT,
compared to dough made from cv. Jinan177. These results
suggest that the Glu-W1 subunit is likely to exert a negative
effect on dough quality.

Discussion

We have successfully cloned the gene encoding the one
HMW-GS in the A. retrofractum endosperm detected by
SDS-PAGE. The primary structure of this subunit is
similar to that of other HMW-GSs cloned from wheat and
its various relatives. The Glu-WI locus was expected, on
the basis of the typical composition of Glu-I loci, to
encode both an x- and a y-type subunit, but the only
HMW-GS gene cloned from A. retrofractum could not be
classified as either an x- or a y-type. The presence of five
conserved cysteine residues in the N-terminal domain and
the absence of the conserved tripeptide motifs in the
central repetitive region of the Glu-W1 subunit imply that
it is more likely to be a y- than an x-type. On the other
hand, x-type subunits have a conserved glutamine residue
within their N-terminal domains, and this feature was also
present in Glu-WI. A small number of y-type subunits
(E, K and Ta genomes) also share this feature, however.
Overall, the phylogenetic analysis suggested that the
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10y10 (X12929) OVVDOOLAGRLPHSTGLO VAVSOVARQYEQ-TVVPPKGGSFYPGETTPLOOL 00GI FHGTSSOTVO 104
1Uy (3F 476962) OVVDOOLAGRLPHSTGLO VAVSQVARQYEQ-TVVPPKGGSFYPGETTPLOOLOOGIFHGTSSOTVO 104
1By8(AY245797) OVVDOOLAGRLPHSTGLO VAVSOVVROYEQ-TVVPPKGGSFYPGETTPLOOLOOV I FHGTSSOTVO 104
1Ay (X03042) VVDOOLASRLPHSTGLO RPVALSQVAROYGO-TAVPPKGGPF YHRETTPLOOLOOGIFGGTSSATVO 104
10y (BF476960) OVVDOOLAGRLPHSTGLO RPVAVSQVAROYEQ-TVLPPTGGSFYPRETTPLOOLOOGIFHGTSSATVO 104
E1. 8(AY298720) VVDOOLAGRLPHSTGLO RPVAVSOVARQYGO-TAVPPKGGSFYPSETTPLOOLOOGIFWGTSSOI VO 104
1Ry (AJ314767) OVVDOOLAGRLPHSTGLO CRHVAVSOVARQYEQ-TAVPPKGGS | YPGETTPLOOLOOGIFHGTSSATVO 104
1Tay (AY303125) OVVDOOLAGRLPHSTGLO CRP | AISOVARQYEQQTTVPAKGGSF YPVETMPPOOLOOGIFHRTSSATVO 105
1Ky (AY834230) OVVDOOLAGOLPHSTGLOMACCPOLRDVS A RPVAVS VAR OYEQQT AMPPKOGSF YPGDTTPTAOF QOR I FGRSSATV 105
E1. 5 (AY209518) QVVDOOL AGOLPHSTGLOMHOCROLROVSAHIRPVAVSQVARQYEQQT THPPKGGSFYPGDTTPTAOLOGR IFHGRSSOTVA 105
2.5 00LAGOLPLSTGLOMACCROLROVSPELRPVAVSQVARQYEQQTAVPT 75
1K (AYS04128) OVMD---~=====~=-----—-Q0LROVSPECHPVV ISP | AROYEQQ VWWPPKGGSLYPGETTPPOOLOGS IFHGIP-TLLR 86
1Tax (AY299654) WD 00LRDVSPHIHPY I VSPVARQYEQQI WWPP-—-—---GETTPPOOLOOSIFHGIP-TLLR ~ 74
181 (X61000) QVWD--—=mm=mmmmmmmmmmm 00LROVSPEJOPVGGGPVARQYEQQVVVPPKGGSF YPGET TPPOOL QS ILWGIP-ALLR 86
10x5 (X12028) QUMD == === m = 00LRDI SPECHPVVVSPVAGQYEQQ| VWPPKGGSF YPGET TPPOOLOORIFHGIP-ALLK 89
1Ux (BF 476961 T O0LRDI SPHHPVVVSPVAGOYEQQ| WWPPKGGSF YPGET TPPOOLOOSIFHGIP-ALLK 86
10 (BF 476959) OVM-~-~=========---~-00LRDI SPHHPVVVSPVAGOYEQQ | VWWPPKGGSFYPGETTPPOOLOGS IFHGIP-ALLK 86
1Rx (AJ314782) Q1VD-~-~~======--=~--—-00LROTSPYRPVAVSPGTGOHEQTVVPLKGGSF YPDETSPPOGLEGRILWGIP-TLLK 88
E2. 1 (AY299519) OVWD QOLRDASPECRPVAVSPYTROYEQQTVVPPKGGSFYPGETTPPOOLOOE IFWGIP-TLLR &1
E1. 9 (AY209520) OWD QOLRDASPECRPVAVSPYTROYEQQTVVPPKGGSFYPGETTPPOOLOOE IFWGIP-TLLR &1
187 (X13927D) 0WD QOLRDVSPGERP | TVSPGTROYEQOPYVPSKAGSFYPSETTPSQOLOOMIFWGIP-ALLR 81
1Ay (X03042) SPYHVSVEQOARSPKVAKAHHPVAOLPTMOM---EGBDALSASO 42
E1. 8(AY208724) SPYHVSVEQOATSPKVAKAQHPVAQLPTMCM-—~VGGDALSASO 42
10y (BF476960) SPYHVSAEQOATNPKVAKAQHPAAQLPTHO{M-—~EGRDALSASQ 42
1Ry (AJ314767) SPOHVSAEQOATSPKVAKAQOPVAQLPTMOM---EGRDALSASQ 42
1Tay (AY303125) SPYHVSAEQOAASPKVAKAQUPAACLPTHOM-—~EGRDALSASO 42
1Dy10(X12929) SPYHVSAEQQAASPHVAKAQOPATOLPTVRM-—~EGGDALSASO 42
1Uy (AF 476962) SPYYVSAEQQAASPHVAKAQOPATOLPTVRM-—~EGGDALSASO 42
1By8(AY245797) NPYHVNTEQOTASPKVAKVOGPATOLP I MCRM-—-EGCOALSASO 42
1Ky (AY834230) NPYHVSVGOOAGLKVAKAQGPVAOLPAMORL ~~~EGDALSVRO 42
E1. 5 (AY209519) NPYHVSTGOQATGLKVSKAQGPVAOLPAVORL ~-~EEGDALSVSQ 42
2.5 IPYHVSAEQOAASHKVAKAQOLVAOLPAYCRU BRLEGGDALSASO 45
141 (X61009) SPYHVSAEHOAASL KVAKAQOL AAOLPAVIRL ~--EGRDALLASO 42
1Rx (AJ314782) SPYHVSAEHOAASLKVAKAQOLARLPAYRL -—~EGDALLASO 42
1Tax (AY299654) SPYHVSAEHOAASLKVAKAQOLAAOLPAVCRL -~~EGGDALSASO 42
1K (AYS04128) SPYHVSAEHOAASL KVAKAQOLAAOLPAVIRL-—-EGRDALSASO 42
10 (BF 476959) SSYHVSAEHOAASL KVAKAQOLAAOLPAVCRL---EGGHALSASO 42
1Ux (BF 476961 SSYHVSAEHOAASL KVAKAQQLAAQLPAVIRL---EGRDALSASQ 42
10x5 (X12028) SSYHVSVEHOAASL KVAKAQOL AROLPAVIRL ~-~EGIDALSASQ 42
£2. 1 (AY299519) RPYHVSAEY QAASLKVAKAQOLAALPAYRL -—~EGGDALSTSO 42
E1. 9 (AY299520) RPYHVSAEYOAASLKVAKAQOLAAOLPAVCRL -—~EGGDALSTSO 42
18x7 (13927 SPYHVSAEY QAARL KVAKAQOLAROLPAMCRL-—-EGSDALSTRO 42

Fig. 4 Alignment of the N- (a) and C-terminal (b) domains of Glu-W1 with those of other HMW-GS sequences. Conserved cysteine residues are
shown boxed, and the glutamine (Q) residue conserved in the N-terminal domain of all x-type and a few y-type subunits as shaded

Glu-W1 subunit is intermediate between an x- and a
y-type gene.

To date, only three distinct motifs have been found in the
central repetitive region of the family of HMW-GS proteins
(Shewry et al. 2003a). The dodecamer motif present in
Glu-W1 is therefore novel. Its presence implies that the W
genome has been able to evolve independently of the other
Triticeae ones. No doubt this reflects the fact that the geo-
graphical range of Australopyrum spp. is limited to Aus-
tralia, which has been geographically isolated from other
landmasses for many hundreds of millions of years.

The HMW-GSs are a major component of the large
glutenin polymers, the properties of which are so important
for the determination of dough strength (Shewry et al.
2002). It has been suggested that the alternation of x-type

and y-type subunits facilitates the formation of the
“backbone” structure of the glutenin polymers (Shewry
et al. 2003b). The number and distribution of covalent
disulphide bonds within this backbone, and the properties
of non-covalent interactions between the repetitive
domains are probably major factors underlying the influ-
ence of the HMW-GS over the size and structure of the
glutenin macromolecule (Shewry et al. 2002). The pres-
ence of an additional cysteine residue in the repetitive
region of subunit 1Dx5 is thought to be responsible for
the correlation of this particular HMW-GS with good
bread-making quality (Lafiandra et al. 1993; Gupta and
MacRitchie 1994). Here we have shown that the addition of
the Glu-W1 subunit to normal flour has a detrimental effect
on key dough properties. Galili and co-workers have found
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Fig. 5 The sequence of the
central repetitive region of the
Glu-WI product with those of
bread wheat subunits 1By8
(AY245797), 1Dy12 (X03041)
and 1Bx7 (X13927). The unique
repeat motif in Glu-W1I is
underlined, and the two long
peptides conserved at the start
of the repetitive region is boxed

that a mutant 1Dx2 subunit lacking the conserved cysteine
residue in the C-terminal domain could be assembled into
oligomers linked by intermolecular disulphide bonds but
not into large polymers in transgenic tobacco (Shani et al.

@ Springer
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PGKGQQ GYFPTSPQQ SGQGQQ GYYPTSPQQ PGQWQQ GY YPTSPQQ PGQGQQ

PGQGQQ GYYPTSPQQ LGQGQQ LGQGQQ PGQGQQ GQQ

PGOGOPOGOGOQ PGQWQQ PGQWQQ PGQGQQ

PGRGQQ GYYPTSPQQ SGQGQQ GYYPTSQQQ SGQGQQ GHYPTSLQQ SGQGQQ GYYPTSLQQ

PGQGQQ PGQGQQ GQYPASQQQ PGQGQQ CHYLASQQQ PGQGQQ

PGQGQQ GYYPTSSQQ PGQGQQ GQYPASQQQ PAQGQQ GHYPASQQQ LGQGQP GYYPTSQQ

PGQEQQ GYYPTSPQQ PGQGQQ GQYPASQQQ PGQGQQ GHYPASQQQ SEQGQQ

PGQGQQ PAQGQQ GQYPASQQQ PGQGQQ GHYPASQQE PGQGKQ

PGQGQQ GYYPTSPQQ
SGQGQQ

LGQGQP GYYPTSPQQ
SGQGQQ

SGQGQQ GYYPTSPQQ
SGQGQQ

PGQGQS GYFPTSRQQ
SGQGQQ

PGQGQQ

SGQGQQ GQQ
PGQGQQ AYYPTSSQQ
SRQRQQ

AGQWQR

PGQGQP GYYPTSPQQ
PGQEQQ

SGQAQQ

SGQWQL YYYPTSPQQ
PGQLQQ

PAQGQQ

PAQGQQ

SAQEQQ

PGQAQQ

SGQWQL VYYPTSPQQ
PGQLQQ

PAQGQQ GY YPTSPQQ
SGQGQQ GYYPTSPQQ
$SGQGQQ GYYPTSPQQ
SGQGQQ

PGQGQQ

PRQGQQ GYYPISPQQ
SGQGQQ

PGQGQQ GYYPTSPQQ
SGQGQQ

PGHEQQ

PGQWLQ

PGQGQQ GYYPTSSQQ
SGQGHQ

$SGQGQQ GYYPTSLWQ
PGQGQQ

GYA

1994). The basis for this effect may be associated with the
close position of an additional cysteine residue to that of a
common cysteine residue in the C-terminal region. The
interaction between these two cysteines may inhibit the
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Fig. 6 A phylogenetic analysis of Glu-W1 and other HMW-GS encoding genes. Trees a and b were constructed based on, respectively, the
N-terminal domain and the full length sequence. Bootstrap values were obtained from 500 replications

Table 1 Rheological properties of dough made from normal flour
(control) and flour supplemented with the Glu-W1 product, as deter-
mined by Mixograph analysis

Item MT TxW PW RPS
Control 1.77 5.614 34.661 —4.076
W25 1.83 3.997 30.001 —6.130

MT Mixing time, 7xW 8 min curve width, PW peak width, RPS right
of peak slope

formation of the critical inter-chain disulphide bonds in this
region of the subunit, thereby affecting the glutenin back-
bone structure and hence the functional properties of the
gluten.

Acknowledgments This work was supported by National Natural
Science Foundation of China No. 30871320, National 863 High
Technology Research and Development Project 2006AA100102 and
National Transgenic Project 2009Z2X08002-014B.

References

Allaby RG, Banerjee M, Brown TA (1999) Evolution of the high
molecular weight glutenin loci of the A, B, D, and G genomes of
wheat. Genome 42:296-307

Anderson OD, Greene FC (1989) The characterization and compar-
ative analysis of high-molecular-weight glutenin genes from
genomes A and B of a hexaploid wheat. Theor Appl Genet
77:689-700

Anderson OD, Greene FC, Yip RE, Halford NG, Shewry PR,
Malpica-Romero J-M (1989) Nucleotide sequences of the two

high-molecular-weight glutenin genes from the D-genome of a
hexaploid bread wheat, Triticum aestivum L. cv Cheyenne.
Nucleic Acids Res 17:461-462

Chen FG, Liu SW, Zhao F, Xu CH, Xia GM (2009) Molecular
characterisation of the low-molecular weight glutenin subunit
genes of tall wheatgrass and functional properties of one clone
Ee34. Amino Acids. doi:10.1007/s00726-009-0307-y

Connor HE, Molloy BPJ, Dawson MI (1993) Australopyrum (Triti-
ceae: Gramineae) in New Zealand. N Z J Bot 31:1-10

Forde J, Malpica J-M, Halford NG, Shewry PR, Anderson OD,
Greene FC, Miflin BJ (1985) The nucleotide sequence of a
HMW glutenin subunit gene located on chromosome 1A of
wheat (Triticum aestivum L.). Nucleic Acids Res 13:6817—
6832

Gupta RB, MacRitchie F (1994) Allelic variation at glutenin subunit
and gliadin loci, Glu-1, Glu-3 and Gli-1, of common wheats. II.
Biochemical basis of the allelic effects on dough properties.
J Cereal Sci 19:19-29

Halford NG, Forde J, Anderson OD, Greene FC, Shewry PR (1987)
The nucleotide and deduced amino acid sequences of an HMW
glutenin subunit gene from chromosome 1B of bread wheat
(Triticum aestivum L.) and comparison with those of genes from
chromosomes 1A and 1D. Theor Appl Genet 75:117-126

Halford NG, Field JM, Blair H, Urwin P, Moore K, Robert L,
Thompson R, Flavell RB, Tatham AS, Shewry PR (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

Kumar S, Tamura K, Nei M (2004) MEGA3: integrated software for
molecular evolutionary genetics analysis and sequence align-
ment. Brief Bioinform 5:150-163

Lafiandra D, D’Ovidio R, Porceddu E, Margiotta B, Colaprico G
(1993) New data supporting high Mr glutenin subunit 5 as the
determinant of quality differences among the pairs 5 + 10 vs
2 4 12. J Cereal Sci 18:197-205

@ Springer


http://dx.doi.org/10.1007/s00726-009-0307-y

392

S. Liu et al.

Lawrence GJ, Shepherd KW (1981) Chromosomal location of genes
controlling seed protein in species related to wheat. Theor Appl
Genet 59:25-31

Lee YK, Bekes F, Gras P, Ciaffi M, Morell MK, Appels R (1999) The
low molecular weight glutenin subunit proteins of primitive
wheats. IV. Functional properties of products from individual
genes. Theor Appl Genet 98:149-155

Mackie AM, Lagudah ES, Sharp PJ, Lafiandra D (1996) Molecular
and biochemical characterization of HMW glutenin subunits
from 7. tauschii and the D genome of hexaploid wheat. J Cereal
Sci 23:213-225

Murray MG, Thompson WF (1980) Rapid isolation of high molecular
weight plant DNA. Nucleic Acids Res 8:4321-4325

Payne PI (1987) Genetics of wheat storage proteins and the effect of
allelic variation on breadmaking quality. Annu Rev Plant Physiol
38:141-153

Payne PI, Nightingale MA, Krattiger AF, Holt LM (1987) The
relationship between HMW glutenin subunit composition and
the breadmaking quality of British grown wheat varieties. J Sci
Food Agric 40:51-65

Payne PI, Holt LM, Krattiger AF, Carrillo JM (1988) Relationship
between seed quality characteristics and HMW glutenin subunit
composition determined using wheats grown in Spain. J Cereal
Sci 7:229-235

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a
laboratory manual. Cold Spring Harbor Laboratory Press, New
York

Shani N, Rosenberg N, Kasarda DD, Galili G (1994) Mechanisms of
assembly of wheat high molecular weight glutenins inferred

@ Springer

from expression of wild-type and mutant subunits in transgenic
tobacco. J Biol Chem 269:8924-8930

Shewry PR, Halford NG, Belton PS, Tatham AS (2002) The structure
and properties of gluten: an elastic protein from wheat grain.
Philos Trans R Soc Lond B 357:133-142

Shewry PR, Halford NG, Lafiandra D (2003a) Genetics of wheat
gluten proteins. Adv Genet 49:111-184

Shewry PR, Halford NG, Tatham AS, Popineau Y, Lafiandra D,
Belton PS (2003b) The high molecular weight subunits of wheat
glutenin and their role in determining wheat processing proper-
ties. Adv Food Nutr Res 45:219-302

Stewart AV, Ellison N, Salomon B, Connor HE (2005) Genomic
Constitution of the New Zealand Triticeae. Czechoslov J Genet
Plant Breed 41:98-100

Sugiyama T, Rafalski A, Peterson D, S6ll D (1985) A wheat HMW
glutenin subunit gene reveals a highly repeated structure.
Nucleic Acids Res 13:8729-8737

Thompson RD, Bartels D, Harberd NP (1985) Nucleotide sequence of
a gene from chromosome 1D of wheat encoding a HMW
glutenin subunit. Nucleic Acids Res 13:6833-6846

Walker AE, Walker CE (1992) Documentation and user instructions
for mixsmart software, chap 10. National Mfg, Lincoln

Wan Y, Wang D, Shewry PR, Halford NG (2002) Isolation and
characterization of five novel high molecular weight subunit of
glutenin genes from Triticum timopheevi and Aegilops cylind-
rica. Theor Appl Genet 104:828-839



	A novel high molecular weight glutenin subunit  from Australopyrum retrofractum
	Abstract
	Introduction
	Materials and methods
	Plant materials
	SDS-PAGE
	Cloning and sequencing of the Glu-W1 open reading frame
	Heterologous expression of HMW-GS genes in E. coli
	N-terminal amino acid sequencing
	Functionality of the cloned A. retrofractum HMW-GS subunit

	Results
	HMW-GS of A. retrofractum
	The deduced peptide sequence of the Glu-W1 product
	Evolutionary relationship of W2.5 with published  Glu-1 genes
	Functional properties of heterologously expressed protein of W2.5

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


