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Summary

Two friabilin components, puroindoline a and GSR«re expressed iEscherichia coli. Starch
binding properties of the recombinant polypeptided of friabilin extracted from wheat flour were
comparedn vitro. The produced proteins as well as native wheabifin bound to starch granules
prepared from different (soft, hard and durum) whealtivars. Starch granules also bound
specifically several wheat endosperm proteins dttean friabilin.

Introduction

Grain hardness (endosperm texture) forms the fuedéah basis of commercial
differentiation of wheat cultivars. It is possitite differentiate ‘soft’ and ‘hard’ hexaploid wheats
and ‘very hard’ durum wheat as three distinct datilie classes. Texture determines flour particle
size, starch damage, water absorption and millialgly Therefore, grain hardness is an indicator of
the suitability of a particular flour for a partian product. To the grower, texture is important as
generally higher premiums are paid for the hardezats (Morris, 2002).

The hardness of the grain is largely determinedhayproperties of the endosperm. The
surface of the starch granules is covered by li@dd special proteins. Hard wheat starches
prepared by water sedimentation have more matadhkring to their surface than soft wheat
starches prepared by the same method when exaimyngchnning electron microscopy (Barletv
al., 1973). It is generally accepted that the adimebetween the granules and the protein matrix is
stronger in hard wheats than in soft wheats. Dutheg milling of hard wheat, starch granules
fragmentize. This fragmentation is called starcindge. Starch damage is the most important
factor in determining water absorption of flouralso affects the amount of carbohydrates available
to yeasts, the fermentative activity, gas productioaf volume and, as a result, baking quality. So
far the most well characterized source of variaiiorgrain hardness is thda (Hardness) locus
located on the short arm of chromosome 5D of hexdphheat. The genes for puroindoline a,
puroindoline b and GSP-1 (the three major companehthe friabilin protein fraction) are tightly
linked to theHa locus. There is an unbroken linkage between nartatin any of the puroindoline
genes and grain hardness. Friabilin is abundarthersurface of water-washed soft wheat starch
granules, scarce on hard wheat starch and absehtrom wheat starch.

The biochemical mechanism governing endosperm rexsupoorly understood. The cause
of the strong adhesion between starch granulespaotin matrix in hard and durum wheat
cultivars is unknown. How friabilin located on tearface of the granules impairs the adhesion in
soft wheats is also unclear. Detailed knowledgethmn molecular background of grain hardness
could help in producing cultivars specially fit fany one particular purpose.

Isolation of the components located at the statateg interface and investigation of their
interactions inin vitro experiments might help to elucidate the mecharo$radhesion between
starch and matrix and the impairment of this adiredly friabilin. There is no biochemical data
available on interaction between matrix proteind starch granules. Friabilin was proven to bind to
the surface of starch granulesimvitro experiments (Bloclet al., 2001). Individual puroindoline
proteins isolated by three consecutive chromatdgcagteps were shown to bind polar lipids, such
as those present on the surface of starch grarfiDigsriel et al., 1997). Extensive purification
procedures might be avoided by heterologously esgimg the individual components. Puroindoline
a was produced earlier Richia pastoris (Issalyet al., 2001).



We aim to find the factors and mechanisms resptsib grain hardness/softness by investigation
of the starch-lipid-friabilin-matrix protein comple Here we presentn vitro results on the
interaction of native wheat friabilin and & coli expressed friabilin polypeptides with different
types of starch granules. Starch granule bindinglben components is also demonstrated.

Materials and methods

Plant material
Flour and starch samples used in this study wexpgued from bread wheat cultivars Riband (soft)
and Mercia (hard) and from durum wheat cultivargteladur and Svevo.

Friabilin extraction
Wheat friabilin proteins were extracted using tm#oh X-114 (TX-114) phase partitioning method
of Blochetet al. (1993). The extracts were stored at 4°C.

Heterologous expression of friabilin proteins

Puroindoline-a gene was amplified from a cDNA lilgreDligonucleotide 1 contained a sequence to
replace the signal peptide sequence by a codoMdbrand arNcol restriction site was also added
to the gene for cloning. Oligonucleotide 2 incogted aBamHI restriction site next to stop codon
of the gene. PCR fragment was cloned into pCR RP® vector and checked by DNA sequencing
and was subcloned into pET11d expression vectoe. dlbne was sequenced again and called
PApET11d.

Part of a cDNA clone for GSP-1 (Grain Softness éimtgene was amplified for cloning in
PET17b vector and protein expression. OligonuctEo® was designed to replace the sequence
coding the N-terminal 40 amino acid residues (idirlg the signal peptide) by a codon for Met and
an Ndel restriction site was also added to the gene foning. Oligonucleotide 4 incorporated a
BamHI restriction site next to stop codon of the geRER fragment was cloned into pCR 2.1
TOPO vector and sequenced. After subcloning intd1y® expression vector, the construct was
checked again by sequencing. This construct wsdc@&SPUPpPET17b.

Proteins were expressed in Origami B (DE3) as teltFor SDS-PAGE and Western blot
analysis, bacteria were directly suspended in prédading dye. For starch binding experiments,
bacterial pellet was resuspended in 8M urea, 50mB&tHCI (pH 6.8) and incubated for 4 h at
room temperature with constant agitation. Sample eeatrifuged and the supernatant was dialyzed
overnight against 4M urea, 50mM Tris-HCI (pH 6.8)L&°C. The resulting solution was dialyzed
for 8 h against 50mM Tris-HCI (pH 6.8) at 4°C, cbing the solution once. The final solution was
used promptly for starch binding experiments, axadiwith protein loading dye.

Sarch binding experiments
Starch binding experiments were performed usingthad adapted from Blodt al. (2001).

Separation and identification of proteins

Protein loading dye was added to the samples. Afeating at 100°C for 2 min, samples were
loaded on 15% Tris-Tricine (Schagger and von Jad®87) minigels and proteins were separated
under reducing conditions. Gels were then eithesntassie stained or used for Western blotting.
Fermentas Prestained Protein Ladder was used asutenl weight standard.

Cation exchange FPLC

The pH of the TX-114 extract was set to 4.9 by aadidiof sodium acetate. The sample was then
applied to a Mono-S cation exchange column (Phaapaeroteins were eluted with a 50 mM to 1
M sodium acetate (pH 4.9) concentration gradiertictv contained 20% (v/v) acetonitrile, and
protein in the column effluent was monitored byabance at 280nm.



Results and discussion

Grain hardness is caused by strong adhesion betgbetem and starch granules. Proteins present at
the matrix-starch granule interface play a crumde in this adhesion. Surface protein composition
of starch granules prepared from wheat cultivatsaRd (soft), Mercia (hard) and Svevo (durum)
was checked after water washing and after waslwegtiimes with 50 mM sodium acetate (pH 4.0)
buffer. Proteins present on sodium acetate-waske@dhsand on water washed starch showed
similar patterns when analyzed by SDS-PAGE, althotigg amount of protein was significantly
lower after sodium acetate treatment. There wexeraé bands visible in the 33 to 54 kDa
molecular weight region. The corresponding prot@insimilar extracts are considered to be storage
proteins remaining adsorbed to the surface of Istgranules after starch extraction. Their presence
is generally believed to be artifactual, caused lbnding to the granules during the
isolation/extraction process (Baldwin 2001). To &oowledge, there is no experimental evidence
underlying the latter statement. It is worth toendhat the amount of protein extractable from the
surface of starch granules was smallest in casefofvheat, intermediate in case of hard wheat and
most in case of durum wheat. These findings aradcordance with earlier scanning electron
microscopic results (Barlowt al., 1973). Only the amount of friabilin followed apposite pattern.

To test the protein binding properties of the ddfg types of starch granules, TX-114
extract of Riband flour was incubated with differestarch granules. SDS-PAGE analysis of the
eluates showed (Fig. 1.) that all three types afcét granules used in this study bound friabilin
selectively, but also had affinity for other proteipresent in the preparation. The additional bands
visible in the eluates indicate that there are sdwather TX-114 soluble proteins in Riband flour
that bound to starch granules in our assay. Ndahalproteins in the TX-114 extract bound to starch
granules and the relative amount of the bound compts does not correspond to the amounts
present in the original TX-114 extract. These rissaliggest that binding was specific. The band
observed at approx. 60 kDa probably correspond3B8S |, a crucial enzyme of starch synthesis,
located on the surface of and inside the starchulea in wheat endosperm. The bands in the 33-54
kDa region might correspond to storage proteing #ra identical to the ones present on the
untreated surface of starch granules isolated ligrweaashing.
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Figure 1: Binding of a TX-114 extract of cultivar Riband to different starch granules. SDS-PAGE
separations are shown of (a) molecular weight standard; (b) TX-114 extract; (c, f and i) flow through; (d,
g and j) washing; (e, h and k) eluate. Starch columns were prepared from cv. Riband (e-e), cv. Mercia (f-
h), cv. Martondur (i-k). The arrow indicates friabilin.

Nature of the observed protein bands was investibhy Western blot analysis. Using an
anti-friabilin serum it was confirmed that Ribandabilin bound to all three types of starch
granules. Binding of friabilin to soft and hard welhestarch granules vitro was demonstrated
earlier by Blochet al. (2001). Binding of friabilin to durum wheat sthrgranules was not reported



before. Analysis of the eluates with anti-storagetgin serum showed more bands in the eluates
than Coomassie staining of SDS-PAGE gels. The tesuggest that several storage protein
components bind the granules. To test the stanotiiig ability of storage proteins, 70% ethanol

extract (containing mainly gliadins) of Riband fiowas used for binding to starch prepared from

cv. Riband. SDS-PAGE analysis showed faint bandhéneluate at the 33-54 kDa region. This

confirms that several wheat storage proteins goalda of starch bindini vitro.

It is possible that lipids bound to starch granatsct the binding of proteins. According to
Greenblattt al. (1995), propan-2-ol and water (90:10) is effeztin removing bound polar lipids
from starch. Following their procedure the threféedent types of starch granules were treated with
the solvent and then used for starch binding erpants with Riband TX-114 extract. SDS-PAGE
patterns of the eluates were similar to patterrthout propan-2-ol treatment, but the amount of
bound protein was significantly lower. Therefotdsipossible that starch bound polar lipids have a
role in the granule-protein interaction, but furtirevestigation is necessary to confirm these tesul
and elucidate the role of lipids.

To be able to characterize the individual companettited in the starch granule binding
assay, we attempted to isolate them from the TX-@xtdact by cation exchange FPLC. We were
unable to completely purify the individual compoteor to identify the fraction containing the
M=25000-54000 proteins observed in the eluates aftech binding. Friabilin purified by FPLC
bound to the granules. This suggests that the ciagraphic procedure used in this study does not
affect the functionality of the proteins. Furthevestigation is needed to characterize the addition
bound proteins and their interactions with stan@ngles and friabilin.
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Figure 2: Binding of expressed GSPP to different starch granules. SDS-PAGE separations are shown of

(a) molecular weight standard; (b) urea extract; (c, f and i) flow through; (d, g and j) washing; (e, h and k)

eluate. Starch columns were prepared from cv. Riband (c-e), cv. Mercia (f-h), cv. Martondur (i-k). The

arrow indicates GSPP.

To avoid the difficulties of separation of diffetgproteins extracted from wheat samples,
two friabilin polypeptides were expressed in Bncoli system. Friabilins are synthesized as
preproproteins in wheat endosperm. After the remof/éhe signal peptide, the maturing proteins
are cleaved again at both the N- and C-termimalgvo. Therefore, sequence of the cDNA clones
was modified as follows: puroindoline a construB] codes for a protein lacking the signal
peptide only. GSP-1 construct (GSPP) codes forotepr completely processed at the N-terminal
(designed according to Doulieet al., 2000). SDS-PAGE analysis of proteins produced
heterologously byE. coli showed an additional band at approx. 15 kDa, wt@npared to the
negative control. Western blot analysis using atisearum raised against wheat friabilin also
showed an extra band at approx. 15 kDa. Identitghef produced GSPP polypeptide was also
confirmed by MALDI-TOF MS. Urea extracts of the bertal cultures producing the heterologous
proteins were assayed for starch binding. SDS-PAG& 2.) and Western blot analyses showed
that both PA and GSPP are capable to bind to wdtaath granules (soft, hard and duranyitro.

We found that the expressed proteins show a fumatitvait similar to native wheat friabilin. The
system is, therefore, suitable for exploring theenactions of the starch granule surface with
recombinant polypeptides. The analysis of mutant enodified proteins produced using protein
engineering may assist to clarify the moleculaifs friabilin binding and grain texture.
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