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Synthesis of Gluten-Forming Polypeptides. 1. Biosynthesis of
Gliadins and Glutenin Subunits
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Five winter wheat cultivars—GK Othalom (HMW-GS composition 2*, 7+8, 5+10), Ukrainka (1, 7+8,
5+10), Palotas (2%, 7+9, 5+10), Kéddmon (2*, 7+8, 5+10), and Csongrad (2*, 7+9, 2+12)—grown
in Hungary and harvested in the year 2005 were studied. The biosynthesis of gluten-forming
polypeptides was followed starting at the 12th day after anthesis to the 53rd. Fresh kernel weight,
moisture, and dry matter content of fresh kernels and gliadin and glutenin contents were determined.
Gliadin components, total amounts of HMW and LMW polypeptides, and individual HMW polypeptides
were determined using a RP-HPLC technique. Although considerable quantitative differences were
observed concerning the content of total protein, gliadin, glutenin, and individual gluten-forming
polypeptides, the character of accumulation of protein components—determined on the basis protein
mass/kernel—was the same for the all of the cultivars studied and could be presented by a sigmoid
curve. Small quantities of the gliadin and glutenin monomers may be detected in early stages of
kernel development, but the bulk of these proteins is synthesized in later stages of development. It
is generally suggested by specialists that the formation and accumulation of glutenin polymers starts
later than the synthesis of monomers. Experimental data presented in this paper confirm this
suggestion and show that in the first phase of protein synthesis the monomers are in “free” form;
polymeric glutenin is detected only later. HMW glutenin subunits are synthesized synchronously,
and quantitatively the polypeptides coded by chromosomes D and B dominate.
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INTRODUCTION studies. At present, prediction based on high molecular weight
(HMW) glutenin subunits is widely accepted and uséjl (
Although this latter approach to quality prediction is suc-
cessfully applied in many countries in wheat breedifg 1),
the often observed low correlation (and even contradiction)
"hetween predicted and practical quali8/10) and the fluctua-
tion of the quality of the same varietyl 1, 12) suggest that
further studies are needed to improve the reliability of prediction.
Due to the central role of wheat storage proteins in the
determination of quality performance, it may be suggested that
two factors may be responsible for the fluctuation of quality of
the same variety: (i) quantitative differences in translation of
enetic information and consequently changes in total protein
ontent and ratios of different gluten-forming polypeptides and/
or (ii) differences in interactions of components forming gluten
'complexes due to changing conditions (e.g., by environmental
effects). A possibility that the same mixture of polypeptides
could yield glutens of different rheological properties was
* Author to whom correspondence should be addressed (fax 361-463- experimentally confirmed by Lasztity (13). These differences
3895; e-mail lasztity@mail bme-hu). could be due to changing interactions of polypeptides. A mixture
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The preparation of gluten and the description of its properties
were published by Beccari as early as the 18th century, and the
first systematic description of proteins of wheat endosperm was
made by Osborne (1) in the 20th century. Because it has bee
shown that gluten may be fractionated to gliadin (soluble in
70% alcohol) and glutenin (dissoluble in dilute alkali or acid),
the study of correlation between protein composition of kernel
and wheat quality remained an important part of cereal research
2, 3).

In particular, breeders were interested in finding relatively
simple methods of prediction of final wheat quality in the early
stages of the breeding process. Early research concentrated o
the ratio of macrofractions (e.g., gliadin/glutenin ratio), and later
the gliadin polypeptides, the genes coding for these polypeptides
and the variety identification became increasingly a focus for
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reoxidized. Depending on the conditions of reoxidation, glutens
of quite different qualities were obtained, although the initial 6 T T 4T
mixture contained the same polypeptides in the same ratio.
Improved understanding of processes leading to gluten formation
in vivo needs a detailed study of the synthesis and interactions
during the development of wheat kernel. On the basis of research
work started about 40 years ago by Graham and Morid),
today we have a general overview of the process of biosynthesis
of wheat proteins 15). The proteins are synthesized on
ribosomes attached to the ER and pass into the lumen with the
cleavage of an N-terminal signal peptide. Folding and disulfide
bond formation are considered to occur within the lumen. It is .
supposed that these processes are assisted by specific proteins, Days after flowering

enzymes (e_g_, pro[ein disulfide isomerase), and molecular Figure 1. Protein accumulation during grain development (average values
chaperons. The gluten proteins are deposited in the developing?f five cultivars; bars show the minimal an maximal measured values).
endosperm cells in discrete protein bodies, which have been

reported to disappear during the advanced stages of kernelhe suspension was filtered into sample vials on a#6PVDF filter.
development, and a continuous protein matrix surrounding the The filtrate was directly injected into the chromatograph. _
starch granules will be formed. In the last phase of ripening the Extraction of Glutenin and Preparation of Samples for Separation

. : : P : of Glutenin SubunitsFifty milligrams of lyophilized samples was
?Azr;?gggn?; porfo ;eg]or?tci)r?lljiiésp?gtrz |pn| eraeétg)? is apparent from extracted with 50 v/v % 1-propanol. The suspension was centrifuged

(10000g, for 5 min). Pellets were redissolved in 1-propanoéa—

The synthesis of macrofractions (albumin, globulin, gliadin, DTT (PUD) buffer and incubated in a water bath (&) for 1 h. After
glutenin) during kernel development was studied by several the addition of 10 mL of 4-vinylpyridine, the samples were incubated
authors 16—18). However, relatively few data are available for an additional 15 min and then centrifuged (126D€r 10 min.
about the synthesis of individual gluten-forming polypeptides, Before the chromatographic separation, the samples were filtered
about the mechanism of their interactions, for example, polym- through a 4%m PVDV filter. _ o
erization, and about the factors influencing the type of inter-  RP-HPLC Separation of Gliadins and Glutenin Suburisdified
actions (11,18—24). Although the majority of researchers and pgrameter_-optlmlze_d methods were used for the separation of
detected gliadin polypeptides and glutenin subunits even in theglutenln subunits and gliadins based on the works of Marchylo et al.

. ; . ) (29), Wieser et al. 30), and Larroque et al.3(). The analytical
early stage of maturation, the views differ concerning the geparations were carried out using a Perkin-Elmer LC 200 DAD-HPLC

sequence and dynamic of their synthesis. According to some system equipped with a quaternary pump, an autosampler, a column
researchers the synthesis of glutenin subunits starts e&fier (  thermostat (65 and 5%C), and a Vydac C18 (TP 104, Hesperia Ltd.)
26), whereas according to othets7(27, 28) the sequence of  analytical column; 0.1% TFA in AN/W gradient elution was used. The
the beginning of synthesis is gliadhglutenin subunits— gliadins were divided into three arbitrary subgroups, based on hydro-
glutenin. phobicity, as shown ifrigure 3. Total HMW and LMW and individual

Within the framework of the research project realized in our Hlvll\l\?tlr s;’s:rgtjtg‘:; :t?é?\;'mhg]ig}ogen content of seed samples was
Iaboratory the dynamlcs of th.e 'syntheslls of |nd|v!duql gluten- determined according to the DumaBregl method, using a LECO FP-
forming polypeptides and their interactions resulting in gluten

: . ) ... 528 autoanalyzer (LECO Instruments).
formation were studied. In this paper the results connected with  giatistics The Total-Chrom software package (Perkin-Elmer Instru-

the synthesis of gluten-forming polypeptides will be Sum- ments) was used for processing the chromatograms and Stastitica for
marized. Windows 7.0 (StatSoft) for statistical evaluation.

Protein content (mglkernel)

12 19 26 36 43 47 50 53

MATERIALS AND METHODS RESULTS

Materials. Five winter wheat cultivars—GK-alom (HMW-GS Total Protein Accumulatiqn. The lyophilized material was
composition 2%, #8, 5+10), Ukrainka (1, #8, 5+10), Palotas (2%, used for all an_alyses. Protein contents were (_:alculated on both
749, 5+10), Kédmon (2%, #8, 5+10), and Csongrad (2*, 7+9, dry matter basis and on the basis of the quantity of accumulated
2+12)—known in Hungary were used in this experiment. protein per kernel. Although quantitatively significant differ-

The cultivars were grown at the experimental field of the Agricultural €Nnces were observed between cultivars for protein content
Research Institute of the Hungarian Academy of Sciences (Maganva  (bearing in mind the precision and reproducibility of protein
Hungary) and at the farm of the National Institute for Agricultural analysis), the character of protein accumulation was similar
Quiality Control (Monor, Hungary). On the first day of anthesis, each (Figure 1). The figure shows the minimum and maximum
spike was tagged and dated. Spikes were collectee-atday interval values of measured data and the mean. The character of
starting at the 12th day after anthesis up to the 53rd day. Fresh grainsgccumulation may be presented with sigmoid curves. The

were taken under the median part of the ear. Part of the fresh grains q|ative differences are higher in the early period of grain
was used for the determination of average kernel weight and moisturedevelopment and lower at the end of the ripening period

content. The other part of the fresh grains was freeze-dried and kept at . L . .
—18°C. Changes occur in the order of varieties concerning quantity of

Methods. Determination of Average Fresh Kernel Weigkane accumulated protein. This observation may be connected with

hundred kernels were weighed, and the average weight was calculatedQ!ﬁerences n the rate _Of p”’te'r? synthe_ss or even_tua_lly V\.”th
Moisture contenwas determined by drying of a homogenized fresh differences in kernel weight. In this experiment, bearing in .m'nd
grain sample at 10% 2 °C. that the yvheats were grown under the same cond|t|pns,
Extraction of Gliadins and Sample Preparation for Chromatography. 2drotechnical and meteorological factors, as causes of differ-
Fifty milligrams of the lyophilized samples was extracted with 70 viv €Nnces, may be excluded. It was found by analyzing the
% ethanol (containing 0,4L/mL propiophenon retention standard) by ~accumulation of other gluten-forming polypeptides that such a
shaking for 30 min (750 rpm, IKA Vibrax, IKA Ltd.). After extraction, ~ statement is valid for these components, too. The absolute
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Figure 2. Gliadin accumulation during grain development (average values Figure 4. Accumulation of gliadin groups (cv. Othalom).
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T T T T T LMW-glutenin subunits may be characterized, independently

0 Time (min) of the wheat variety studied within the framework of this
research project, with a sigmoid curve calculating the quantity/
kernel values. The data calculated for the cultivéinalom are

protein quantity/kernel showed a slow increase over the first Presented irFigure 5. , _

few days after anthesis. At about285 days after anthesis a With regard to the individual HMW polypeptides, a typical

more rapid protein accumulation occurs, and in the final period chromatogram is shown ifigure 6. It may be stated that all

of grain development stagnation may be observed. of the subunits are synthesized synchronously. However,
Gliadins. The synthesis of the first significant amounts of differences were observed between subunits in quantities

gliadin starts at 15—16 days after anthesis. This is followed by (Figure 7). Lower quantities of subunits coded on chromosome

a moderate increase in the period between 20 and 26 days afteﬁ arr]\d T('jglger ontez ?2 c:,[hromOS(t)_mes]P and B arbe clj;arac;er:jsnc.
anthesis and later by a rapid accumulation until a maximum at should be noted that separation of some subunits coded on

40—43 days. Finally, a moderate decrease may be observedChromosome B.l and those coded on chromqsome D1 (e.g:, Bx7
(Figure 2) and Dx5) is difficult, and so only approximate quantitive

differentiation may be achieved. Our results concerning the
synthesis of LMW subunits are in agreement with the results
of Kaczkowski et al. 25) suggesting that the synthesis of these
subunits starts earlier than that of HMW subunits.

Preliminary results of measurements of changes of polymeric
glutenin content suggest that in the early stages of kernel
development the HMW and LMW subnunits are present partly
in monomeric (or oligomeric, soluble) form.

Figure 3. RP-HPLC chromatogram of gliadins.

The RP-HPLC separation of gliadin components allowed the
accumulation of gliadin subfractions differing in hydrophobicity
to be studied. Three gliadin subfractions (Gli-1, Gli-2, Gli-3)
were distinguished, which consists probablyyef a+/-, and
w-gliadins on the basis of hydrophobicity as showrfFigure
3. Similar separation of different types of gliadins was applied
by Larroque et al.31) and Wieser and Seilmay&?) in a study
of the effect of N fertilization on gliadins. Such division into
groups of gliadins may be problematic due to the fact [men-
tioned also in paper of Wieser and Seilmei82)| that small
quantities of some other proteins may be extracted by ethanol  Results of accumulation of total protein confirm the sigmoid
or that gliadin-like proteins remained unextracted. Nevertheless, character of the curve presenting absolute protein/kernel values
we can speak about subgroups of gliadin-type proteins. Two depending on time after anthesis. (If the protein concentration
subfractions (possiblyx+j- and y-gliadins) show a similar  in total dry matter is calculated, the highest value occurs in the
curve of accumulation (Figure 4.). The gliadin subfraction early stage of grain development before the start of intensive
eluted first (corresponding possibly to the less hydrophobic synthesis of carbohydrates. The further shape of the protein
w-gliadins) started to accumulate earlier than the other two typesconcentration curve is influenced by the ratio of intensity of
of gliadin. However, the rate of its synthesis decreased and itsthe synthesis of the two main chemical components of wheat
amount remained practically unchanged at 26 days after anthesisgrain.) With regard to similar character of protein accumulation

Group of Glutenin Polypeptides. The total quantity of curves, it should be noted that all cultivars studied were hard
glutenin subunits and the quantity of the sum of HMW- and winter wheats grown under the same agrotechnical and meteo-

DISCUSSION
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ing that the synthesis of LMW subunits is in the early stage
more intensive than that of HMW subunits, because according
to the views of several researchers the formation of polymeric
glutenin starts with the synthesis of a backbone from HMW
subunits, which will be later coupled with micelles of LMW
subunits. Reverse-transcriptase polymerase reactions revealed
that individual HMW-GS genes and at least seven LMW-GS
genes exhibited identical patterns of temporal regulatgs).(

The total quantity of gliadin polypeptides did not show
= S significant differences between varieties. This is connected
12 19 26 36 43 47 50 53 probably with the fact that all of the varieties are winter wheats,
Days after flowering grown at the same region and under the same agrotechnical
Figure 7. Accumulation of individual HMW-GS (cv. Gthalom). coqditions. .The.slight decrease oflgliadin quanti'Fy in the final
period of ripening may be explained by solubility changes
caused by aggregation and interaction with polar lipids.
rological conditions, so the effects of the latter factors were not  |n contrast to total gliadin fraction, our knowledge concerning
expressed in the results. The majority of cultivars had the HMW- the biosynthesis of different types of gliading-(g-, y-, and
GS D-5+10 (typical for high-quality wheats) except cultivar -gliadins) is poor. The available publications report experi-
Csongrad, which had HMW-GS D+42L2 (typical for lower ~ ments connected with the effect of N fertilization and sulfur
quality varieties). However, no significant differences were deficiency primarily on the accumulation efgliadin. Increased

found between Csongrad and Palotas, two nearly isogenicN supply and sulfur deficiency increased the accumulation of
cultivars. This confirms the view that differences between ,_gliadins in comparison to other types of gliadins (35—37).

varieties with HMWs 5-10 and HMWs 2-12 are not associated  Recently, efforts have been made to obtain transgenic wheat

vyith total protein or .gluteniln content bu'.[ with thg ratio and yarieties poor inu-gliadin (38,39). We separated the gliadin
timing of the synthesis of highly polymeric gluteni@l( 22). fraction into three arbitrary groups differing in hydrophobicity.
On the basis of the physiology of wheat it may be expected Ajthough we did not make a detailed electrophoretic examina-
that in the early stage of kernel development (cell division and tjon of the three subgroups, on the basis of a similar separation
extension period) the protein content consists of metabolic andtechnique reported by other research@g 80, 39) we suggest
structural proteins and no gluten-forming storage proteins are yot these subgroups consists mainly @f B-, y-, and
present. However, the results presented in this paper confirm ,_gjiadins, respectively. Our results show that quantitatively
the views that the gluten-forming polypeptides, althoughinlow & 51 hydrophobico-, f-, and y-gliadins (sulfur-rich
concentrations, are synthesized even in this early stage of kemegliadins) dominate. The difference in timing of the rate of
development. hThelr prest;nce Wa.ﬁ con?rmed halslcé)%_by dOIheraccumuIation of gliadin groups is interesting. Whether this a
separation techniques such as capillary electrophoi@3)sa general trend or valid only for this small group of hard winter

uzsing lspecmc :ngntﬁcltonal antlbodlgifﬁo. Sttofne an?lec.oIas d wheat cultivars widely grown in Hungary could be clarified by
(21) also reported that monomers (different from albumins an further investigations.

globulins) were synthesized in the early stage of development. . . L .
Preliminary results of investigations in our laboratory suggest

It may be also noted that according to observatialts, 84) ) >
coordinate accumulation of transcripts from the HMW-GS that in the early stage of kernel development part of the subunits
are present in monomeric (oligomeric) form. Is this connected

LMW-GS, anda-, y-, andw-gliadin gene families occurs early . et g :
in grain development. This observation also suggests the ear|yW|th a I|m|t_|ng_concentrat|on of subunits needed for the start
synthesis of gluten-forming polypeptides. With respect to the of polymerization, or do other factors, such_as the redox status
question of the sequence of synthesis of gluten-forming Of the kernel 40), PDI, and regulatory protein, play a role that
polypeptides, our results could not give a definitive answer. This Needs further investigations?

is because we started with a study of kernel development 12 With regard to the HMW subunits it may be concluded that
days after anthesis. At this time all identified polypeptides were these are synthesized synchronously. Quantitatively, the subunits
present, although in different concentration levels. It is interest- coded by chromosomes D and B dominate.

o
©
T

o
S
T

HMW-subunits (mgkernel)

o
=)




Synthesis of Gluten-Forming Polypeptides
LITERATURE CITED

(1) Osborne, T. BProteins of the Wheat KernePublication 84;
Carnegie Institution of Washington: Washington, DC, 1907.

(2) Wrigley, C. W. A molecular picture of wheat quality: finding
and fitting the jigsaw piece€ereal Foods World 993 38, 68—
74.

(3) Léasztity, R. Prediction of wheat qualitysuccess and doubts.
Period. Polytech., Chem. Eng002,40, 39-49.

(4) Payne, P. I; Ninthingale, M. A.; Krattiger, A. F.; Holt, L. M.

The relationship between HMW glutenin subunit compositotn

and the bread-making quality of British grown wheat varieties.

J. Sci. Food Agric1987,40, 51-65.

Gupta, R. B.; MacRitchie, F. Allelic variation at glutenin subunit

and gliadin loci Glu-1, Glu-3, and Gli-1 of common wheats. Il.

Biochemical basis of the allelic effects on dough properties.

Cereal Sci.1994,19, 19-29.

Shewry, P. R.; Halford, N. G.; Tatham, A. S.; Popineau, Y.;

Lafiandra, D.; Belton, P. The high molecular weight subunits

of wheat glutenin and their role in determining wheat processing

properties Adv. Food Nutr. Res2003,45, 219—302.

Rathmell, W. G.; Wrigley, C. W.; Batey, I. L.; Howes, N.; Sharp,

P. J.; Kilian, A. Selection of breeders lines for wheat quality:

Australian innovations. ItUsing Cereal Science and Technology

for the Benefit of ConsumeCauvin, S. P., Salmon, S. S., Young,

L. S., Eds.; Woodhead Publishing: Cambridge, U.K., 2001; pp

24-28.

(8) Lasztity, R.; Tondskozi, S.; Haraszi, R.; Révay, T.; Karpati, M.
Is the role of high molecular weight glutenin subunits (HMW-
GS) decisive in determination of baking quality of wheat? In
Wheat Gluten; Shewry, P. P., Tatham, A. S., Eds.; RSC:
Cambridge, U.K., 2000; pp 38—42.

(9) Juhész, A.; Bess, F.; Vida, Gy.; Lang, L.; Tamas, L.; Béda.
Quantitative analysis of storage proteins of an old Hungarian
wheat population using the SE-HPLC methodWieat Gluten
Shewry, P. P., Tatham, A. S., Eds.; RSC: Cambridge, U.K.,
2000; pp 34—37.

(10) Bedo, Z.; Karpati, M.; Vida, Gy.; Kramarik-Kissimon, J.; Lang,
I. Good breadmaking quality wheafrfticum aestivumL.)
genotypes with 2+12 subunit composition at the Glu-D1 locus.
Cereal Res. Commuii995,23, 283—289.

(11) Johansson, E.; Nilsson, H.; Mashar, H.; Skerrit, J.; MacRitchie,
F.; Svensson, G. Seasonal effects on storage proteins and gluten
strength in four Swedish wheat cultivark. Sci. Food Agric.
2002,82, 1305—1311.

(12) Triboi, E.; Martre, P.; Triboi-Blondel, A.-M. Environmentally
induced changes in protein composition in developing grains are
related to changes in total protein contehtExp. Bot.2003,

54, 1731-1742.

(13) Lasztity, R. Role of disulfide bonds in the development of the
rheological properties of gluteReriod. Polytech., Chem. Eng.
1969,13, 239—248.

(14) Graham, J. S. D.; Morton, R. K. Studies of proteins in developing
wheat endosperm. Separation by starch gel electrophoresis and
incorporation of 35-S-sulphatéwust. J. Biol. Sci1963,16, 357—
365.

(15) DuPont, C.; Altenbach, S. B. Molecular and biochemical impacts
of environmental factors on wheat grain development and protein
synthesisJ. Cereal Sci2003,38, 133—146.

(16) Kapoor, A. C.; Heiner, R. E. Biochemical changes in developing
wheat grains. Changes in nitrogen fractions, amino acids and
nutritional quality.J. Sci. Food Agric1982,33, 35-40.

(17) Ng, P. K. W.; Slominski, E.; Johnson, W. J.; Bushuk, W. Changes
in wheat endosperm proteins during grain maturatiorGluten
Proteins; Bushuk, W., Tkachuk, R., Eds.; AACC: St. Paul, MN,
1990; pp 740—754.

(18) Wright, R. J.; Larroque, O. R.; Bekes, F.; Wellner, N.; Tatham,
A. S.; Shewry, P. R. Analysis of the gluten proteins in developing
spring wheat. IrGluten Proteins; Shewry, P. R., Tatham, A. S.,
Eds.; RSC: Cambridge, U.K., 2000; pp 471—474.

®)

(6)

)

J. Agric. Food Chem., Vol. 55, No. 9, 2007 3659

(19) Daniel, C.; Triboi, E. Effects of temperature and nitrogen
nutrition on the accumulation of gliadins analysed by RP-HPLC.
Aust. J. Plant Physiol2001,28, 1197—1205.

(20) Gupta, R. B.; Masci, S.; Lafiandra, D.; Bariana, H. S.; Mac-
Ritchie, F. Accumulation of protein subunits and their polymers
in developing grains of hexaploid wheatk. Exp. Bot.1996,

47, 1377—1385.

(21) Stone, P. J.; Nicolas, M. E. Varietal differences in mature protein
composition of wheat resulted from different rates of polymer
accumulation during grain fillingAust. J. Plant Physiol1996,

23, 727-737.

(22) Naeem, H. A.; MacRitchie, F. Polymerization of glutenin during
grain development in near-isogenic wheat lines at Glu-D1 and
Glu-B1 in greenhouse and field. Cereal Sci2005,41, 7—12.

(23) Johansson, E.; Kuktaite, R.; Andersson, A.; Luisa, M.; Linde,
P. Protein polymer build-up during wheat grain development:
influences of temperature and nitrogen timidgSci. Food Agric.
2005,85, 473—479.

(24) Andersson, A.; Oscarsson, P.; Prieto-Linde, M. L.; Johansson,

E. Differences in polymeric proteins among grains in spring

wheat spikesJ. Sci. Food Agric2006,86, 583—591.

Kaczkowski, J.; Pior, H.; Kvinta, J.; Kos, S.; Bushuk, W. Some

analytical data of protein behavior in developing wheat kernel

In Gluten Proteins Lasztity, R., B&és, F., Eds.; World

Scientific: Singapore, 1987; pp 400—408.

Skerrit, J. H.; Lew, P. Y.; Castle, S. L. Accumulation of gliadin

and glutenin polypeptides during development of normal and

sulphur deficient wheat seed: analysis using specific monoclonal

antibodiesJ. Exp. Bot.1988,39, 723—737.

Berecz, J.; Kissimon, J.; Ragasits, |. Fehérjedsszetétel (gltoza

a biza szemfejldese soran a nitrogén-mitragées figgvénye

ben, klasszikus frakcidt@ssal és SDS-PAGE modszerrel vizs-

gélva (Study of the changes of protein composition during
development of wheat kernel using traditional fractionation and

SDS-PAGE).Novenytermele4995,44 (1), 19—32.

Panozzo, J. F.; Eagles, H. A.; Wootton, M. Changes in protein

composition during grain development in wheatist. J. Agric.

Res.2001,542, 485—493.

Marchylo, B. A.; Kruger, J. E.; Hatcher, D. W. Quantitative

reversed-phase high-performance liquid chromatographic analysis

of wheat storage proteins as a potential quality prediction tool.

J. Cereal Scil989,9, 113—119.

(30) Wieser, H.; Antes, S.; Seilmeier, W. Quantitative determination
of gluten protein types in wheat flour by reversed-phase high-
performance liquid chromatographZereal Chem1998 75,
644—650.

(31) Larroque, O. R.; Bets, F.; Wrigley, C. W.; Rathmell, W. G.
Analysis of gluten proteins in grain and flour blends by RP-
HPLC. In Wheat Gluten; Shewry, P. R., Tatham, A. S., Eds.;
RSC: Cambridge, U.K., 2000; pp 137—139.

(32) Wieser, H.; Seilmeier, W. The influence of nitrogen fertilization
on quantities and proportions of different protein types in wheat
flour. J. Sci. Food Agric1998,76, 49-55.

(33) Zhu, J.; Khan, K. Characterization of monomeric and glutenin
polymeric proteins of hard red spring wheats during grain
development by multistacking SDS-PAGE and capillary zone
electrophoresisCereal Chem1999,76, 261—269.

(34) Altenbach, S. B.; Kothari, K. M.; Lieu, D. Environmental
conditions during wheat grain development alter temporal
regulation of major gluten protein genéSereal Chem2002,

79, 279—285.

(35) Wrigley, C. W.; Du Cros, D. L.; Fullington, J. G.; Kasarda, D.
D. Changes in polypeptide composition and grain quality due
to sulfurdeficiency in wheatl. Cereal Scil984,2, 15-24.

(36) Zhao, F. J.; Hawkesford, M. J.; McGrath, S. P. Sulphur
assimilation and effects on yield and quality of whelaiCereal
Sci.1999,30, 1-17.

(25)

(26)

27)

(28)

(29

~



3660 J. Agric. Food Chem., Vol. 55, No. 9, 2007 Abonyi et al.

(37) DuPont, F. M.; Hurkman, W. J.; Vensel, W. H.; Chan, R.; Lopez, (40) Every, D.; Griffin, W. B.; Wilson, P. E. Ascorbate oxidase,

R.; Tanaka, C. K.; Altenbach, S. B. Differental accumulation of protein disulfide isomerase, ascorbic acid, dehydroascorbic acid
sulfur-rich and sulfur-poor wheat flour proteins is affected by and protein levels in developing wheat kernels and their
temperature and mineral nutrition during grain developmént. relationship to protein disulfide bond formatio@ereal Chem.
Cereal Sci.2006,44, 101—112. 2003,80, 35-39.

(38) Wieser, H.; Koehler, P.; Folck, A.; Becker, D. Characterization
of wheat with strongly reduced alpha-gliadin content. Presenta- Received for review November 1, 2006. Revised manuscript received
tion at the 9th Gluten Workshop, held in San Francisco, CA, February 22, 2007. Accepted February 26, 2007. This work was
Sept 14—16, 2006. supported by the National Foundation of Science, Hungary, Project

(39) Becker, D.; Folck, A.; Knies, P.; Lorz, H.; Wieser, H. Inhibition  T1-042703.
of alpha gliadins in hexaploid bread wheat. Presentation at the
9th Gluten Workshop, held in San Francisco, CA, Sept 18,

2006. JF063143Z




