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267 CHARACTERISATION AND QUANTIFICATION OF LOW-MOLECULAR-WEIGHT GLUTENINS IN DURUM WHEATS



1984>>. Their amount In gluten ls controversial; their different allelic types and their contribution to the gluten functional properties are poorly known; the physlco-chemlcal basis of their aggregative behaviour ls not explained.



Jean-Claude AUTRAN, Bernard LAIGNELET and



Although our investigations have been carried out both on bread wheats and durum wheats, we choosed in this paper to illustrate the results In restricting ourselves to the durum wheat proteins as a model. Durum wheat LMWG have never been thoroughly examined . Moreover, durum wheat proteins afford an unique example of a clear cut relationship between a functional property which ls essential In determining cooking quality of pasta Cgluten vlscoelastlclty> and a genetic type I .e. the presence of a given al le le at one locus coding for some r-gl iadlns and LMWG .
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INTRODUCTION Conslderabl e amount of blochemlcal, genet le and technol oglcal Investigations have been carried out on wheat protein fractions based on Osborne's solubl 1lty scheme as previously reviewed . However, glladln preparations contain aggregated fractions called either •aggregated glladlns• , •high-molecular-weight gliadlna CBletz and Wall, 1980; Field et al., 1983>, or •tow-molecular-weight glutenin• . By gel filtration of glladln on Sephadex G-100, Jackson et al. C1983> ldentifled in the void volume several subunits coded by genes different from those coding for other gJ ladln fractions. On the other hand, glutenln fractions have been shown to contain gtladin-like subunits , giving other ev I dences of the 1imi ts of the so 1ubl 11 t y-based Osborne's classification. Other classifications have been proposed based upon su lfur content , aggrega t I ve properties , biological funct Ions , N-termlnal amino acid sequences , chromosomlc locations of genes coding for the proteins . It ls now fully demonstrated that gluten proteins consist of 3 maJor storage protein families: - one monanerlc family that cor["esponds to classical gliadlns Cappar:-ent molecular:- weights: 25000 to 70000> and that Includes Of+ f) types (genes mostly located On the short a["m Of Ch["anOsomlc groups n• 6) and r +W types (genes mostly located on the short ann of chromosomlc groups n• 1>. - one aggregative family, generally reported as 'high molecula[" weight gluten1n• or 1 HMWG 1 , corresponding to native aggregates of apparent MW from 1 to several millions, which, upon the effect of reducing agents, yield subunits of apparent MW 65000 to 130000 , but using the durum wheat (-glladln 51 as reference band CDamldaux et al., 1978> and by polyacrylamlde gel electrophoresis In Tris-gJycine buffer containing sodium dodecyl sulfate, pH 8.4 as described by Payne and Corfleld sllghtJy modified and named accordlpg to their mobility by reference to a specific •subunit 1000' . Two-dimensional characterizations of the basic fractions were carried out using a NEPHGE x SDS-PAGE system as described by Holt et al. with a pH range of 7 to 10.5. Densltanetrv



Black and white prints of the gels were scanned with a soft laser LKB Ultroecan densitometer:". The densltanetrlc curves were processed with a LKB Gelscan software on Apple Ile mlcrocanputer. Reproduclblllty of the densltanetrlc analyses have been evaluated to ± 2% when scanning the same electrophoretic pattern and to only ± 10% when scanning different patterns of the same sample, which ls



Protein content C%N ~ 5.7> was determined by the K.Jehldahl method. Glutens were extracted and subml tted to Ylecoel astograph measurements to determine firmness and elastic recovery as previously reported by measuring the areas under the chromatographic curve using a graphic tablet . Comparable results were obtained, excepted for by Payne et al. C1984b> and Autran and Berrier .



274



275



Complementary results have been obtained by a classical size-exclusion chromatography of the ethanol-soluble fractions on Sephadex G-150 a/ -gl I adl ns ~-gl
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Fig. 4 Size-exclusion chromatography of ethanol-soluble proteins In Sephadex G 150 and SOS-PAGE characterization of the fractions.



ladlns l"-glladlns iu-gl ladlns HMWG LMWG misc., fastmovlng material (H)



Including l'-42 Including Y-45



19.9 24.6 23.9 10.3 4.3 14.4



(*)



2.6



cv . Agathe of the most basic subunits of a total protein extract. - LMWG make up a maJor fraction of both total reduced proteins and ethanol-soluble proteins. This resul t Is Illustrated on Fig. 6 by the dens! tometrlc tracings of these two samples, In comparison to the chromatographic peak 13 In which the percentage of LMWG triplet Is 83 %. - LMWG and HMWG are present In al I gl ladln and glutenln fractions . About 30-35% of LMWG are ethanol-soluble, 45- 50% are ethanol+ME-soluble, 15-20% fall Into the two glutenln groups. Concerning HMWG , 10-15% are ethanol soluble, 35-45% are ethanol+ME-soluble, 40-50% fall Into the glutenln groups. - In the two cu It l vars, the di str I but I on of the aggregated groups CLMWG and HMWG> between the different so lubility fractions Is not the same: LMWG are less ethanol-soluble and behave more as "glutenln-types• In Agathe while the process Is reversed for HMWG. In other words, the type •45• cultlvar
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Fig. 6 : Dens ! tometrlc tracing of : A - Total reduced proteins; B - Whole ethanol-soluble fractions; C - Chromatographic peak n' 13. Ccv . Agathe> . A more detailed examination of the quantltated results shows that : - The triplet zone of a total proteins pattern of cv. Agathe (subunits 750 to 849) Is essentially constituted by LMWG subunits: 84% LMWG, 3% (1-gl ladlns, 10% Y-gl ladlns, 3% u.>-gl ladlns . The equivalent quadruplet In cv . Calvlnor Is made up of 67% LMWG, 5% ~-g lladlns, 24% t-glladlns , 4%...,..glladlns. - When considering a total ethanol-extract C34.3% In Calvlnor>, the percentage of true glladlns : respectively 1.35 and 2.58. Such ratios, that keep closer to physlco-chemlcal basis of technological quality than did the glutenln I glladln ratios previously proposed, should be successfully used In view to predict gluten characteristics at the breeding stage
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280 DISCUSSION In· durum wheats, gluten vlscoelastlclty - an Important factor of pasta cooking quallty - ls strongly associated to the allelic type of proteins that are coded by locus Gil-BI : 1U-glladlns, t-glladlns and LMWG, and perhaps, to a tower extent, to those coded by locus m.i.t:JU. . Two maJor alleles have been discovered at locus Gll-81 In the world collection: allele 42 C(-glladln 42 and LMWG n•t> and al le le 45 < r-gl ladln 45 and LMWG n•2> that corr-espond r-e~pectlvely to poor and good cultlvar-s with r-espect to gluten vlscoelastlclty. In ear-ly works, the quallty dlffer-ence between these two genetic types has been attr-lbuted to ( gl ladln components and a breeding strategy based on r-glladln type determination by A-PAGE has been developed. However-, purification and physlco-chemlcal studies of Y-glladlns 42 and 45, in spite of sane dlffer-ence In surface hydrophoblcity , did not evidence any str-ong difference capable to explaln so different gluten char-acter-lstlcs. This work has shown that the r-atlo of r-glladln 42 to total pr-otelns ls higher- than the ratio of Y'-gl ladin 45 . Since r -gl ladlns are monomeric pr-otelns Cal though we r-ecognlze that their behaviour In dough, gluten or- pasta could be different than In diluted ethanol or In A-PAGE buffers> It ls difficult to explain how they could play a significant role In Imparting gluten vlscoetastlclty, this property being certainly based on the occurence of large aggregates CMlflln et al., 1983>. Conversely, It has been demonstrated that the LMWG proteins, that are maJor components within the Gll-81 locus, present both qualitative and quantitative differences and belong to an aggregative type. LMWG are therefore much more likely to be functional markers of gluten vlscoelastlclty In durum wheats, the other Gil-BI-coded proteins being only genetic markers. It ls not known If LMWG1 and LMWG2 at lei le types present any dlffeC'ence In their functional pC'opertles but a such gap In their amount (14'c of the total proteins In a type •42• and 27% In a type •45•) could explain the differences In durum wheat gluten characteristics. In bread wheats , It has been shown that baking qual lty ls more associated to .aJ.M.=.1-coded proteins than to fil1=1 ones. In dur-um wheats, an opposl te sl tuatlon seems to preval l. In spl te of sane relationship between HMWG subunl ts and gluten or pasta quall ty , LMWG would be primarl Jy involved In gluten vlscoelastlcl ty In durum wheat glutens. We can therefoC'e hypothesize that all aggregative pC'otein fractions could contribute to quality, that HMWG would act In bulk with little varietal specificity, and that LMWG would be the maJor functional markeC's of genetic differences In duC'um wheat glutens. The fact that the world durum wheat collection essentially consists In two different allelic types at Gll-81 locus may explain the occut"ence of two clear cut groups of cultlvat"s with t"espect to gluten vlscoelastlclty. In bread wheats, by contC'ast, the occuC'ence of many allelic types at ilY=Al., .G.ll&=ll and 11lll::lll. loci may explain the continuous evolution In gluten quality without two distinct classes of cultlvat"s as In durum wheats.



CONCLUSIONS 1> Taking duC'um wheat pt"otelns as model, this work conflnns that Osbot"ne-type fC'actlonatlon, which ls stl l l used In many studies, ls unsatisfactory, at least when Investigating the physlco-chemlcal basis of quality. The ethanol-soluble fraction, conslder-ed by many authot"s as well-defined gliadlns, consists In dlffeC'ent types of pC'otelns: sane that migrate In A-PAGE gels ar.~ that cot"t"espond to monanet"lc molecules and those that can be studied in SDS-PAGE gels upon reduction only. The latter are faC' fran being negligible In ethanol lc extracts since minimum estimates of the only LMWG triplet are between 18% and 33'c according to the durum wheat type. It must be emphasized that analysing A-PAGE bands gives Information only on a paC't of the extracted pC'otelns, the remalndet" giving C'lse to stt"eaks and slot material. It ls even possible that sane ethanol-soluble fC'actlons that have been recently four.d cot"C'elated to quality C40> actually coC'C'espond to LMWG types. We subsct"lbe to a proteins classlf lcatlon which wl 11 be based on aggregation characteristics in A-PAGE buffeC's: true glladlns have not been consldeC'ed. However, LMWG do not contribute to the same ratio of total proteins In the different durum wheat genetic types. They can be estimated to 27'c In type •45• but to 14% only In type •42•. Because of their aggregative behavlouC' and without considering any difference ln the functl~nal properties between their allelic types the only difference ln their contribution to the 1 1 pC'oteln pool could explain the opposite characteC'lstlcs of •42• and 45 duC'um wheat types with C'espect to gluten stC'ength and elasticity.
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