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ABSTRACT

The time course of biosynthesis and accumulation of storage proteins in developing grain of
durum wheat (Triticum turgidum ssp. durum (Desf.) Husn.) pasta-quality reference cv. Svevo was
investigated at the protein level for the first time. Seeds were harvested at key kernel developmental
stages, namely 3 (seed increase threefold in size), 5 (kernel development, water-ripe stage), 11
(kernel development, water-ripe stage), 16 (kernel full development, water-ripe stage), 21 (milk-
ripe stage) and 30 (dough stage) days post-anthesis (dpa). Gliadins and glutenins were fractionated
according to their different solubility and individually analyzed after fractionation by reversed-
phase high performance liquid chromatography and sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. Proteins were identified by liquid chromatography-tandem mass spectrometry of
proteolytic peptides. The a- and y-gliadin were already detected at 3 dpa. The biosynthesis of high
molecular mass glutenin Bx7 was slightly delayed (11 dpa). Most of gluten proteins accumulated
rapidly between 11 and 21 dpa, with minor further increase up to 30 dpa. The expression pattern of
gluten proteins in Triticum durum at the early stages of synthesis provides reference datasets for

future applications in crop breeding and growth monitoring.

Keywords: durum wheat; grain development; proteomics; gliadin; glutenin
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INTRODUCTION

Wheat cereals are among the most important food sources for humans. Wheat kernels include
starch and non-starch polysaccharides along with a heterogeneous fraction of proteins, which are
typically classified in water saline soluble albumins/globulins and insoluble gluten proteins.
Albumins/globulins constitute approximately 20% of the endosperm protein and rule the metabolic
pathways during grain development and germination. Gluten constitutes the major storage proteins
(about 80%) and contributes to confer the unique elasticity and extensibility rheological properties
to wheat doughs.1 Gluten proteins embrace monomeric gliadins and polymeric glutenin networks.
Gliadins are alcohol soluble proteins traditionally sub-classified into o/p-, y- and w-fractions,
according to their electrophoretic mobility.2 Glutenins are constituted by low-molecular weight
(LMW) and high-molecular weight (HMW) subunits, organized in complex hetero-polymers, which
are stabilized by both inter- and intra-molecular disulfide bonds.>* Therefore, glutenin subunits can
be extracted in alcohol solution after reduction of disulfide bonds.*

The identification of wheat proteins is essential to understand the gene-function relationships and
the effects of growth and storage conditions on wheat quality,5 providing useful indicators of the
technological quality of dough # Over the last decades, -omic approaches have been exploited as
powerful tools to assess the diversity and the functional role of proteins expressed during wheat
grain development, particularly in T. aestivum. Using a transcriptomic approach, Shewry and
coworkers characterized the time course of synthesis and accumulation of the storage proteins in the
endosperm of hexaploid wheat.® Transcripts of over 30,000 genes were found in the developing soft
wheat grain.7 Proteomics was applied on mature endosperm for assessing the main mechanisms
involved in accumulation of storage proteins, during grain filling of soft wheat and other cereals. %13
Characterizations at protein level, carried out on both whole protein extracts and purified protein
fractions, have mainly highlighted the expression changes of albumin/globulin (metabolic) proteins
during kernel development. The assessment of albumins/globulins has been typically addressed by

canonical proteomic tools, such as mono- and/or two-dimensional electrophoresis coupled with
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tandem mass spectrometry (MS/MS).14 However, due to peculiar structural features, the
comprehensive characterization of gluten proteins suffers from a series of drawbacks: i) the extreme
heterogeneity of protein subunits with closely related primary sequences;l‘r"16 ii) low occurrence of
arginine and lysine residues, which dramatically complicates the MS/MS peptide sequencing of
tryptic peptides;17 iii) Coomassie staining suppression effects in gel electrophoresis of gliadins;18 iv)
still incomplete database annotation of protein sequences and divergence among the wheat
accessions. ' Altogether, these drawbacks have hampered a detailed definition of the expression
pattern of gluten proteins over various stages of grain formation.

In the present study, for the first time the expression of storage proteins in durum wheat
(Triticum turgidum ssp. durum (Desf.) Husn.) cv. Svevo was monitored at six stages of

development during grain filling, between 3 and 30 day post anthesis (dpa), using specifically

devised proteomic strategies.
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MATERIAL AND METHODS

Chemicals

Trypsin and chymotrypsin, Tris-HCI, ammonium bicarbonate (AMBIC), KCI, guanidine-HCI,
EDTA, dithiothreitol, modified Lowry assay kit, methanol, polyclonal antigliadin antibody,
monoclonal peroxidase conjugated anti-rabbit 1gG antibody, Tween 20, glacial acetic acid and
HPLC-MS grade solvents were all provided by Sigma-Aldrich (Milan, Italy). Electrophoresis

reagents were all from Bio-Rad (Milan, Italy).

Plant material and grain preparation

Triticum turgidum ssp. durum (Desf.) Husn.) cv. Svevo was selected for this study, because it is
a well-known pasta-quality reference cultivar, widely used as a crossing parent world-wide.2%22 In
early spring 2015, Svevo was grown in a growth chamber under completely controlled conditions of
photoperiod, air temperature and humidity, as well as horizontal laminar air flux. The growing cycle
lasted for three months. Initially the plants were grown at 14/10 h day/night photoperiod and
18/14°C temperature up to the first node elongation stage. The plants were then grown under long
days conditions (16/8 h day/night photoperiod) at 20/16 °C. Temperatures were increased to 24/18
°C from flowering to maturity. The experimental unit consisted of 4 L cylindrical pots, filled with a
mix of 6 L peat moss, 3 L silt-loam soil mix, 3 L perlite, 4 L vermiculite, 4 L sand, 300 mg of
complex mineral fertilizer. Eight petri-dish germinated Svevo’s seedlings were transplanted per pot.
Subsequently, at the two-leaf stage the growing seedlings were thinned to allow four uniform adult
plants to grow to maturity per pot. A complex fertilizer with N:P:K at ratio 15:9:15 and
microelements (NPK® Original Gold®, Compo Expert, Italy) was applied  at the following

consecutive stages: sowing (incorporated into the soil), three leaf stage, tillering, first and second

elongated nodes and booting (50 g m? for the whole growing cycle). Soil moisture was kept at
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optimal water availability conditions throughout the whole plant cycle by manually irrigating the
pots to full field capacity every two days.

Each replicate consisted of six pots in total (24 adult plants in total) that were used for
subsequent destructive grain sampling at the chosen grain developmental phases. The experiment
consisted of three replicates in total. Wheat kernels were harvested at key developmental stages,
namely at 3 d (embrio increase three-fold in size), 5 d (kernel development at 1/3 of full
developmental size, water-ripening stage), 11 d (kernel development at half-full size, water-ripening
stage), 16 d (kernel full development, water-ripening stage), 21 d (milk-ripening stage) and 30 d
(dough stage) days post-anthesis (dpa), according to the reference kernel developmental stages
reported in the CerealDB (http://bio-gromit.bio.bris.ac.uk/cerealgenomics/cgi-bin/grain3.pl).
Kernel’s development in growth chamber was daily inspected to ensure that samplings were
conducted at the right developmental stage. Triplicate samples were harvested according to the
above-mentioned six developed stages: 3 days post-anthesis (dpa) (T0), 5 dpa (T1), 11 dpa (T2), 16
dpa (T3), 21 dpa (T4) and 30 dpa (T5). Immediately after harvesting, kernels were stored at -80 °C,

until their use for proteomic analysis.

Sample preparation

Kernels were dried and ground to a powder using a mortar and pestle. Proteins were fractionated
according to the Osborne procedure, based on different solubility in aqueous and organic solvents.
Pre-extraction of albumins and globulins from seed powder (100 mg) was achieved by stepwise
addition (three times) of 1 mL of 50 mM Tris-HCI, 100 mM KCI, 5 mM EDTA, pH 7.8, containing
a protease inhibitor cocktail (Sigma Aldrich). The supernatant was further investigated for
proteomic analysis of albumins and globulins.23 Resulting pellet was rinsed with 0.5 mL of 60% v/v
ethanol (three times) for gliadin extraction.® Finally, glutenins were extracted with 50% 1-
propanol, 80 mM Tris—HCI, pH 8.5, 1% w/v dithiothreitol at 60 °C, for 45 min, and alkylated with

4-vinylpirydine for 15 min, at 60 °C, as previously reported;24 resulting products were precipitated
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at -20 °C with 1-propanol, overnight. Glutenin pellet was solubilized in 6 M guanidine-HCI, 0.3 M
Tris-HCI, 1 mM EDTA, pH 8.0. Each extraction step included magnetic stirring for 20 min,
followed by centrifugation at 14,500 x g, for 15 min, at 4 °C. Protein concentration wad determined

by a modified version of the Lowry assay.25 Samples were aliquoted for further electrophoretic and

chromatographic analysis.

SDS-PAGE analysis

Proteins were analysed by mono-dimensional SDS-PAGE (Bio-rad, Mini-Protean) on precast
linear gels (TGX Gel 12% acrylamide). Glutenin samples were precipitated with 1-propanol for 2 h,
at 4 °C; resulting protein pellets were solubilized in 20 pL of 6 M urea. Gliadin samples were dried
using a rotating evaporator and protein pellets were then solubilized in 1 mL of 5% v/v formic acid.
Aliquots of gliadin extracts (125 pL) were dried and protein pellets were solubilized in 10 pL of 6
M urea. Laemli buffer was added to 1 puL-samples aliquots, and samples were denatured in a boiling
water bath for 5 min. Electrophoresis was performed at 100 V mA for about 1 h, at room
temperature. After migration, gel was stained for 2 h with 0.5% w/v Coomassie Brilliant Blue R-
250 in 50% methanol/10% glacial acetic acid (v/v) and destained with 30% methanol/10% glacial
acetic acid (v/v), overnight. Gels were imaged with an Image-Scanner (GE Helthcare) and analysed

by ImageQuant TL software (GE Helthcare).

Western blot analysis

Gliadin protein extracts were analysed by Western blotting. Following the SDS-PAGE analysis
as above, gels were electroblotted onto a nitrocellulose membrane (Transblot nitrocellulose, Bio-
Rad) at 120 V for 60 min. The membrane was blocked with 5% w/v non-fat milk (Bio-Rad) in Tris-
buffered saline, 0.05% w/v Tween 20 (TBS-T) for 1 h, at room temperature. Subsequently, the
membrane was incubated overnight at 4 °C with polyclonal anti-gliadin antibody, developed by

immunizing rabbit with a whole gliadin extract, which was previously diluted 1/1,500 in TBS-T.
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After washing with TBS-T, monoclonal peroxidase-conjugated anti-rabbit IgG antibody
(Sigma_Aldrich) diluted in TBS-T (1/15,000) was applied to the membrane for 2 h, at room
temperature. The membrane was extensively rinsed with TBS-T (3 x 10 min) and finally with TBS
(1 x 10 min) before development. Chemiluminescence reagents (ECL Plus WB reagent, GE
Healthcare) and X-ray film (Kodak, Chalons/Sa6ne, France) were used to visualize the

immunoreactive protein bands at various exposure times (0.5-5 min range).

HPLC analysis

Alcohol soluble gliadin and glutenin aliquots were analyzed immediately after extraction, using a
modular HPLC Agilent 1100 series (Palo Alto, CA, USA). Chromatography was carried out using a
narrow-bore reversed phase column C8 (Phenomenex 250 cm, 2 mm i.d, 3.6 ocm particle diameter),
at a flow-rate of 0.2 mL/min. The column temperature was 60 °C, and the eluent was monitored at
214 nm. Solvent A was 0.1% v/v trifluoroacetic acid (TFA) in water and solvent B was 0.1% v/v
TFA in acetonitrile. Proteins were eluted using a linear gradient (25-55%) of solvent B in 100 min,
following 10 min of isocratic elution at 25% B. Fractions were manually collected, dried down in a
speed-vac and stored at -20 °C until further analysis. Protein amount in chromatographic fractions

was grossly estimated through peak area integration.

Protein digestion

HPLC fractions were suspended in 100 mM AMBIC, pH 7.8, and enzymatically digested by
trypsin or chymotrypsin (1:50 enzyme to protein, w/w ratio) overnight at 37 °C.
Coomassie stained protein band were manually excised from gels and destained by repeated
washing with 25 mM AMBIC/acetonitrile (1/1, v/v). Proteins were in-gel hydrolyzed at 37 °C with
trypsin or chymotrypsin (12.5 ng/uL) in 25 mM AMBIC. The peptides were extracted three times in
5% formic acid/acetonitrile (1/1, v/v). Peptide digests were were dried in a speed-vac, re-dissolved

in 0.1% formic acid (35 pL) and analysed by LC-MS/MS.
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LC-MS/MS analysis

Mass spectrometry analysis was performed using a Q Exactive Orbitrap mass spectrometer
(Thermo Scientific, San Jose, CA, USA), online coupled with an Ultimate 3000 ultra-high
performance liquid chromatography instrument (Thermo Scientific). Lyophilized digests (about 1
pg/analysis) were re-suspended in 0.1% v/v formic acid solution, loaded through a 5 mm long, 300
pum i.d. pre-column (LC Packings, USA) and separated by an EASY -Spray™ PepMap C18 column
(2 um, 15 cm x 75 um) 3 pm particles, 100 A pore size (Thermo Scientific™). Eluent A was 0.1%
v/v formic acid in Milli-Q water; eluent B was 0.08% v/v formic acid in 80% acetonitrile. The
column was equilibrated at 4% B. Peptides were separated applying a 4-40% gradient of eluent B
over 40 min; the flow rate was 300 nL/min. The mass spectrometer operated in data-dependent
mode and all MS1 spectra were acquired in the positive ionization mode with an m/z scan range of
350 to 1600. Up to 10 most intense ions in MS1 were selected for fragmentation in MS/MS mode.
A resolving power of 70,000 full width at half maximum (FWHM), an automatic gain control
(AGC) target of 3 x 106 ions and a maximum ion injection time (IT) of 100 ms were set to generate
precursor spectra. MS/MS fragmentation spectra were obtained at a resolving power of 17,500
FWHM an automatic gain control (AGC) target of 1 x 105 ions and a maximum ion injection time
(IT) of 80 ms. In order to prevent repeated fragmentation of the most abundant ions, a dynamic
exclusion of 30 s was applied. lons with one or more than six charges were excluded from
fragmentation. Mass spectra were elaborated using the Proteome Discoverer 2.1 software (Thermo
Fisher), restricting the research to a specific gliadin sequence database and a specific glutenin
sequence database extracted from the NCBI Triticum protein database. Parameters for gliadin
database searching were the following: Met oxidation and pyroglutamic for N-terminus Gln as
variable protein modifications, a mass tolerance value of 10 ppm for precursor ion and 0.02 Da for

MS/MS fragments, chymotrypsin as proteolytic enzyme, and a missed cleavage maximum value of
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5. Parameters for glutenin database searching were the same, except for pyridylethyl Cys as a
constant modification and trypsin as proteolytic enzyme.

The false discovery rate (FDR) and protein probabilities were calculated by Target Decoy PSM
Validator working between 0.01 and 0.05 for strict and relaxed searches, respectively. Proteins were
considered confidently identified relying on at least two sequenced peptides. Identifications based

on only two peptides were validated by manual inspection of MS/MS spectra.



220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

RESULTS
The Italian pasta-quality reference cv. Svevo was selected for investigating the time-course of
gluten protein synthesis and accumulation in durum wheat. Growing grains were harvested at six
stages of grain development (from 3 to 30 dpa) during the post-anthesis period, corresponding to
early development (lag phase), accumulation of storage compounds (filling phase) and maturation-
desiccation. Morphological details at each developmental stage are reported in supplementary
material (Table S1). After depletion of albumin/globulin fractions, whose evolving sub-proteomes
were compared separately,23 gliadins and glutenins were selectively extracted based on their
different solubility. The fractionation of the gluten proteins was necessary to roughly reduce the
complexity of the crude protein system, thereby facilitating the identification of the components.
The protein sub-families were individually analyzed by HPLC and SDS-PAGE, also to compare the
time course of protein synthesis and accumulation of the two gluten protein fractions during grain

development.

Analysis of gliadin fractions

The accumulation of individual gliadin proteins was monitored by SDS-PAGE analysis (Figure
1). No gliadin was detected at TO stage, although a band at 14 kDa clearly appeared. This protein,
also detected over the entire grain filling course, was identified as the non-gluten protein histone H4
(accession number AAA34292 1) (Table 1). An additional protein band close to 14 kDa, most likely
corresponding to a different histone, appeared at T4 and T5. Gliadin content increased rapidly
between T2 and T4, whereas only a faint further increase was appreciated at T5. Thus, at T4 the

gliadin synthesis should be considered complete, showing the typical protein pattern, including a-,

y- and w-gliadin subfamilies in order of increasing mobility (Figure 1).19
The comprehensive characterization of the gliadin proteome was obtained by LC-MS/MS
analysis of the chymotryptic digests of HPLC-isolated subunits (Figure 2; Table S1). Although very

reliable because of the high accuracy of the MS and MS/MS measurements, the identification of
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gliadins often grounded on a few peptide matches, due to the poor quality of the fragmentation
spectra of non-tryptic peptides, as well as to the incomplete database protein inventory of T. durum.
Unlike SDS-PAGE, the HPLC analysis demonstrated that few gliadin protein components were

expressed, though at a low level, even at TO (Figure 2). These proteins eluted at retention times of
59.8 and 61.8 min, broadly in the region of a-gliadins,24 as inferred by comparison with the
retention times of w-, y- and a-gliadins extracted at T4 and T5. MS/MS-based sequencing of
chymotryptic peptides revealed that the early expressed proteins in both fractions were a - and y-
gliadin gene products (Table 1; Table S3). Interestingly, during synthesis, gliadin products other

than these latter became quantitatively predominating (Figure 2).

Western blotting of gliadin fractions

To overcome the limit of Coomassie-based detection of gluten proteins, the evolution of gliadin
fraction over the early stages of maturation was monitored by Western blotting analysis using a
commercial anti-gliadin (wheat) antibody (Figure 3). The immunochemical approach confirmed the
expression of a protein band migrating at 50 kDa at a very early stage (T0), with intensity

increasing over the time. No other immune reactive proteins in the TO-T2 timeframe were observed.

Analysis of glutenin fractions

Glutenins were extracted from maturing caryopses with a denaturing/reducing buffer and their
accumulation was monitored by both SDS-PAGE (Figure 4) and HPLC (Figure 5). Unlike gliadins,
the SDS-PAGE analysis of glutenins exhibited a comparable or even higher sensitivity than HPLC.
The first glutenin subunit appearing was HMW Bx7 of about 90 kDa (Table 2; Table S4), which
was detected as a faint band at T2 (11 dpa), while it escaped the HPLC detection. In contrast, no
glutenin was detected at TO and T1 stages. The major expression of glutenins started at T3, when

HWM-glutenin Bx7 (band 1) and By8 (band 2) were clearly visible. The identity of HMW Bx7 and
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By8 was also confirmed by exploring large sized tryptic peptides by MALDI-TOF analysis (not
showed), according to a previously developed strategy.26 In concomitance with synthesis of HMW-
glutenins, a set of LWM glutenin subunits (bands 3-6, Figure 4) appeared at T3 (Table 3; Table S3).
Accumulation of glutenins progressed at T4 and was complete at T5 stage. The glutenin patterns of

T. durum cv. Svevo at T5 matched the corresponding subproteome characterized in a previous

Work.26
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DISCUSSION

Several authors have investigated the changes of gluten proteins during the development of wheat
kernel. However, due to the different analytical methods used, data about the temporal appearance
and accumulation of individual gluten proteins at the subunit level remain fragmentary. Early
studies based on acid-PAGE indicated that gliadins appear in the T. aestivum kernel at 10 dpa, while
both HMW and LMW glutenins began to be detectable at 14 dpa.27 Interestingly, at all stages of the
plant development, the appearance of gluten protein subsets as well as the time-dependent trend of
protein accumulation did not depend on the wheat cultivars. Two w -gliadin subunits were found as
firstly expressed in T. aestivum at 10 dpa.6

By using Western-blotting, lametti et al. found that the accumulation of immune-reactive gluten
proteins in T. durum started after 15 or 17 dpa, depending on the wheat accession.?® By monitoring
the expression of selected gluten subunit genes at the RNA level, Katagiri et al. found that gliadin
and glutenin trascripts in soft wheat appeared even at 7 dpa, with changes in the expression pattern
related to the cultivar.?® These authors pointed out the presence of low molecular weight proteins
(~15 kDa) at very early stages of grain-filling, which later disappeared probably due to the
increased expression of other gene products. Most likely, these low molecular weight components
correspond to the histones identified in this study. As proteomics, most of comparative studies
aimed to investigate grain development at protein level were carried out by analyzing whole protein
extracts from wheat seeds, and did not consider the first stages of grain development (3 and 5
dpa).30'31

In the present investigation, the HPLC-based monitoring allowed us to anticipate the detection of
specific gliadin and glutenin components up to 3 (TO) and 11 (T2) dpa, respectively. The early-
synthesized subunits were here identified as a- and ¥ -gliadins (Table 2), clearly detected even at 3

dpa (T0O). Whilst SDS-PAGE outcomes were in part in line with previous results,6 HPLC analysis

provided deeper insights. This apparent incongruence is probably the result of the higher sensitivity
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of the HPLC detection of gliadins compared to that of SDS-PAGE (with Coomassie detection), due
to poor staining of these proteins.18

Gliadins and glutenins steadily increase in number and amount during grain development. In
agreement with previous results, wheat grains at the milk phase (T4, 21 dpa), coinciding with the
end of the cellular division phase, exhibited a content of gluten proteins very similar to that at full
maturation.?’ 28

Immature wheat, harvested before the milk stage, has been proposed as a potential source of
functional nutrients, because of the significant content of fructo-oligosaccharides and the
incomplete pattern of possible immunogenic proteins.28 In the light of the results herein, a dedicated
determination of gluten proteins is required to propose immature kernel as a possible foodstuff
suited for gluten-sensitive individuals.?®

In line with the current outcomes, most of the previous investigations highlighted a delayed
synthesis and a broadly slower accumulation of glutenin subunits during the early- and mid-stage of
development, compared to gliadins.e'32 HMW glutenins appear before LMW ones, suggesting that a
backbone of HMW glutenins could create a polymeric scaffold in the developing endosperm onto
which LMW subunits might branch.23 In the mid phase, LMW subunits prevail over the HMW
ones, whereas at later stages HPLC profiles showed a relative increased amount of HMW glutenin
subunits, which could further progress during the desiccation stage of the kernel starting at 42 dpa.6

In conclusion, the accumulation of gluten proteins is a complex process undergoing spatial and
temporal regulation and affected by environmental biotic and abiotic signaling.34 The use of HPLC-
based separation of gluten proteins allowed us to detect specific gluten proteins expressed at earlier
stages than previously described. The evolution of gluten proteins observed in this study contribute
to a better understanding of the mechanisms that regulate the expression and the accumulation of

gluten proteins during durum grain filling and to the elucidation of physiological aspects of the

gene-function correlation. The identification of the early-expressed subunits can help to clarify
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some still unaddressed issues related to the formation of the gluten network, which is a key
information from a technological standpoint.

In view of the forthcoming release of the genome sequence of cv. Svevo (Cattivelli et al,
unpublished data), these findings provide a timely reference dataset for future studies, especially for
those aimed to evaluate the genetic control of the development of durum wheat storage proteins
under a range of stress conditions or environmental changes. Though preliminary, this approach can
further support trascriptomic analysis with supplementary and complementary data, since it

comprises the study of functional rather than informational molecules.

Abbreviations used

AMBIC, ammonium bicarbonate, dpa, days post-anthesis; HMW, high molecular weight; LMW,
low molecular weight; MS/MS, tandem mass spectrometry; T0O, 3 days post-anthesis; T1, 5 days
post-anthesis; T2, 11 days post-anthesis ; T3, 16 days post-anthesis; T4, 21 days post-anthesis; T5,

30 days post-anthesis; TCA, trifluoroacetic acid.
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Supporting information description

Table S1, Morphological details at each developmental stage of Svevo cv.

Table S2, Gliadin proteins identified by LC-MS/MS of derived peptides: Gliadin at T5 stage
were fractionated by HPLC (Figure 1) and digested by chymotrypsin. The identity of gliadin

proteins were obtained by LC-MS/MS analysis.

Table S3, Identification of gliadin proteins at TO stage: Gliadin TO stage were fractionated by
HPLC (Figure 1) and digested by chymotrypsin. The identity of gliadin proteins were obtained by

LC-MS/MS analysis.

Table S4, Identification of glutenin proteins at T3 stage: Glutenin at T3 stage (Figure 5) were

identified by MS-based proteomic analysis.
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FIGURE CAPTIONS

FIGURE 1

SDS-PAGE (12%) of gliadin extracts from developing caryopses (TO-T5). Gel was stained with
Coomassie Blue R-250. Gliadin-type proteins were distinguished into three groups based on their
electrophoretic mobility, i.e. o-, o/f-, and y-gliadins [Ferranti et al 2007]. Molecular mass
standards are indicated on the left side. Band 1 at TO stage was identified as the histone H4

(accession number AAA34292.1) (Table 1).

FIGURE 2

Comparison among HPLC chromatograms of gliadin proteins from developing caryopses (T0-T5).
Gliadins were assigned to a-, y-, and w-gliadin subfamilies according to retention times [Marchylo
1996]. Insets at TO shows an expanded vied of the two closely eluting a- and y- gliadin gene
products (Table 1 and Table S3). Fractions collected at T5 were individually analysed by LC-

MS/MS for a comprehensive characterization of the gliadin proteome (Table S2).

FIGURE 3
Western blotting analysis of gliadin protein extracts from developing caryopses (TO-T5) with
commercial anti-gliadin (wheat) antibody. Arrows indicate the immunoreactive protein bands at TO,

T1 and T2, which were not detectable by Coomassie R250 staining.

FIGURE 4
SDS-PAGE (12%) of glutenin extracts from developing caryopses (T0-T5a). Gel was stained with

Coomassie Blue R250. Gluten-type proteins were distinguished into HMW and LMW subunits
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according to their migration. Molecular mass standards are shown on the left side. Bands from T2
and T3 were excised, and analysed by LC-MS/MS after in-gel trypsin digestion. Protein contained

in band 1 at T2 was HMW glutenin Bx7 (Table 2 and Table S4).

FIGURE 5

Comparison among HPLC chromatograms of glutenin proteins from developing caryopses (TO-T5).

Glutenin subunits were classified in HMW and LMW according to their retention times.2* Proteins

were clearly visible by HPLC only after T3 stage.
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Table 1: Gliadin proteins identified by LC-MS/MS of derived peptides. Detailed information on

protein identification are shown in supplementary Table SI.

dpastage [ Sample Protein name Accession
Band 1 (SDS-PAGE) Istone H4 AAA34292.1
LC1 (HPLC, peak 1) a-gliadin SCW25728.1
a-gliadin BAA12318.1
a-gliadin CAB76962.1
y-gliadin ACJ03505.1
To y-gliadin ACI04110.1
LC2 (HPLC, peak 2) a-gliadin BAA12318.1
a-gliadin SCW25728.1
a-gliadin AGI115858.1
y-gliadin CAB76962.1
y-gliadin ACI04110.1
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Table 2: Glutenin proteins identified by LC-MS/MS of derived peptides. A detailed information on

protein identification are shown in supplementary Table SlI.

dpastage [Sample Protein name Accession
T2 Band 1 (SDS-PAGE) |HMW Bx7? ABY59654.1
Band 1 (SDS-PAGE) | HMW Bx7 2 ABY59654.1
Band 2 (SDS-PAGE) |[HMW By8 AE045111.1
Band 3 (SDS-PAGE) |LMW B-type ACAG63864.1
LMW B-type BAJ09461.1
LMW B-type group 3 type Il BAB78740.1
LMW B-type AAS10193.1
LMW B-type AAV75997.1
type | LMW-glutenin LMW-il ABQ50899.1
LMW glutenin subunit protein 1-50 [ ABX84154.1
LMW glutenin AFB35206.1
LMW glutenin ALN96402.1
LMW glutenin ABG76009.1
LMW-s1 ABM73527.1
LMW glutenin AAS10192.1
LMW-m glutenin subunit 53 AGU91705.1
T3 LMW glutenin subunit Glu-D3 AHN55176.1
LMW-s KS2 BAD42431.1
LMW:-glutenin P3-5 ABE77188.1
LMW:-i glutenin subunit 1 AGU91655.1
LMW glutenin AFB35204.1
Band 4 (SDS-PAGE) [LMW-sl1 ABM73527.1
LMW B-type group 3 type Il BAB78740.1
Band 5 (SDS-PAGE) | LMW glutenin subunit B3-1, ACZ51337.1
LMW glutenin CAA59339.1
LMW glutenin AEI00683.1
LMW glutenin ACA63864.1
glutenin subunit ABM73527.1
LMW glutenin subunit D3-3 ACY08822.1
Band 6 (SDS-PAGE) |[y-gliadin B P06659.1
LMW glutenin ACA63864.1
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