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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 1 lty scheme as previously reviewed <Fel 1 let, 1965; Dietz et 
al., 1973; Bushuk and Wrigley, 1974; Kasarda et al., 1976>. However, glladln 
preparations <even extracted without reducing agent and examined in different 
chromatographic media> contain aggregated fractions called either •aggregated 
glladlns• <Shewry et al., 1983>, •high-molecular-weight gliadlna CBletz and 
Wall, 1980; Field et al., 1983>, or •tow-molecular-weight glutenin• <Kanazawa 
and Yonezawa, 1973>. 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 <Bletz and 
Wa 11 , 1973>, giving other ev I dences of the 1 imi ts of the so 1 ubl 11 t y-based 
Osborne's classification. Other classifications have been proposed based upon 
su lfur content < Shewry et a 1. , 1984; Shewry and M If 11 n, 1984 > , aggrega t I ve 
properties <Mlf lln et al., 1983)(Shewry et al., 1986>, biological funct Ions 
<Shewry et al., 1986>, N-termlnal amino acid sequences <Kasarda et al., 1984>, 
chromosomlc locations of genes coding for the proteins <Payne et al., 1984a>. 

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 HMWG1 , 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 <genes located on the long arm of chromosomlc 
groups n • n . 

- one aggregative family that we shall refe[" to as 'low molecular 
weight gtutentn• or 'LMWG', corresponding to large aggregates which, upon 
reduction, yield subunits with apparent MW of 12000 to 60000 only Cthe maJor 
types belonging to the 45000-50000 range>, most of them having genes located 
on the short arm of chranosomlc groups n• 1, In the same complex locus than 

r+ w glladln locus. 

LMWG remain the least characterized group. They differ from HMWG by 
their subunit molecular weight, the chromosomlc location of the genes coding 
for and the amino acid composition <lower glycine content <Shewry and Mlflln, 
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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. 

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 <Payne et al. <1984b>>. 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 <Damldaux et al., 
1978; Autran and Berrier, 1984; Autran et al., 1986>. 

The aim of this paper ls to characterize the ~rum wheat LMWG and to 
determine their quantitative Importance In gluten proteins, more specifically, 
within ethanol-soluble fractions which have been considered for a long time as 
typical glladins. 

Based upon chromatography and densitometry from one and 
two-dimensional electrophoresis, an explanation for LMWG functional role In 
detennlnlng Intrinsic qual lty differences among durum wheats ls ultimately 
proposed. 

MATERIAL AND METHODS 

Plant material 

The cultlvars of durum wheat CTrlticum durum Desf.> used were Agathe 
(good pasta qual I ty and high gluten strength> and Cal vlnor <medium pasta 
quail ty and poor gluten strength>. They were grown ln 1985 In the I.N.R.A. 
experimental field in Montpelller. 

Wheats were ml I led Into semol lna in a pi lot ml 11 Cyleld 76 U 
<Houllaropoulos et at., 1981). 

Glladln preparation 

100 g. semolina were extracted at room temparature <2o•c> with 1000 ml 
70 % <vlv> ethanol/water <without reducing agent>. After centrifugation at 38 
OOO g, proteins were precipitated from the supernatant by addition of 3000 ml 
0.25 M sodlum chloride. The mlxtu["e was allowed to stand overnight at 4•c and 
the precipitate was collected by centrifugation. Proteins were then dissolved 
in 200 ml 0.01 M acetlc acld, dlalyzed thoroughly against distilled water at 
4•c, shell-frozen and freeze-dried. 

Sequential extraction 

Salt-soluble proteins , glladln-I, glladln-II, glutenln-1 glutenln-II 
were extracted at room t'emperature (approx. 2o•c> frcxn semol lna Cratlo of 
extractant to solid: 10:1> according to the sequential procedure developed by 
Landry <1979> with respectively: sodium chloride 0.5 M, ethanol 60 " <vlv>, 
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ethanol 60 % + 2-mercapto-ethanol 0.6 %. acetic acid 1 % Cv/v> + 
2-mercaptoethanol 0.6 %, SDS 1.5 % Cw/v) + 2-mercaptoethanol 0.6 %. Each step 
consisted ln one extraction plus two washings of the residue. The ratio of 
each solubility group was obtained by protein determination on aliquots of the 
pooled supernatants. The remainder was dlaJyzed against distl I led water and 
freeze-dried. 

Slze-exclyslon chrQ111atography of qlladln-I 

GLladln-I was separated by size-exclusion chromatography on Sephadex 
G-150 as described by Bletz and Wal I ct980>. The column (2.5 x 100 cm> was 
equilibrated with acetic acid 0.1 M. 100 mg of protein was dissolved In 1 ml 
of column solvant, clarlfled by centrifugation, and applied to the column. 5 
ml fractions were eluted (flow rate: 15 ml/h.> at room temperature, monitored 
at 254 run, dlalyzed against distilled water and freeze-dried. 

Ion-excbapge chrqpatogcaphy of glladlp-1 

GI ladln-I was separated by ion-exchange chranatography on Whatman 
CM-52 as described by Xasarda et al. ct983>. The column C2.5 x 25 cm> was 
equilibrated with a buffer 5 mM sodium acetate/ 1 M dimethylformamlde CDMF> 
buffer CpH 3.5>. 1 gram of protein was dlssalved In 50 ml of column buffer. 
clarified by centrifugation, and applied to the column. 5 ml fractions were 
eluted <flow rate: 15 ml/h.) at roan temperature with a gradient of 5 to 100 
mM sodium acetate ln the column buffer, monitored at 254 nm, dialyzed against 
distilled water and freeze-dried. 

BJcctrgphgresls 

Fractions fran column chranatography and sequential extraction were 
analysed by acid polyacrylamlde gel electrophoresis <A-PAGE> ln aluminium 
lactate buffer, pH 3.2, according to Bushuk and Zillman C1978> and Identified 
accord Ing to the two-number Z 111 man and Bushuk' s nomenc 1 a ture C 1979> , 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 <SDS-PAGE> as described by Payne and Corfleld 
<1979> sllghtJy modified <Autran and Berrier, 1984> and named accordlpg to 
their mobility by reference to a specific •subunit 1000' <Berger et Le Brun, 
1985>. 

Two-dimensional characterizations of the basic fractions were carried 
out using a NEPHGE x SDS-PAGE system as described by Holt et al. <1981> 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 <baseline 
substractlon, peak Identification, Integration> 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 
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consistent with previous reports <Fullington et al., 1980, 1983>. In all 
tables, estimated percentages correspond to the means of four determinations 
<for Instance, two chranatographies, one electrophoresis and two scannlngs>. 
Small traces of canponents were not taken Into account and suppressed by 
baseline substractlon. 

Other 1ab9ratorv tests 

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 <Autran et al., 
1986). 

RESULTS 

Protein canposltlgn and gluten pcgpertles 

Protein content and gluten vlscoelastlcity of the samples are given In 
Table I. In accordance with previous works <Damldaux et al., 1978; Autran et 
al., 1986>, cv. Agathe and Mondur, that belong to durum wheat genetic type • 

r-glladln 45• show much higher gluten firmness and elastic recovery than cv. 
Xldur and Calvlnor that belong to type •t-glladln 42•. 

Table I : Protein composition and gluten characteristics. 

Cultlvar 
<genetic type) 

Protein content <% d.b> 

Gluten firmness <am> 

Gluten elastic 
recovery <nm> 

Protelc canposltlon 
<In % total proteins> 

Albumins + 
Glcbullns 

Glladln-I 

Gl ladln-II 

Glutenln-I 

Glutenln-II 

Residue 

Agathe 
( •45•) 

15.4 

2.37 

1.78 

19.2 

34.3 

22.8 

8.6 

6.0 

9.1 

Calvlnor 
c•42• > 

16.0 

1.60 

0.75 

23.S 

39.2 

15.0 

7.5 

5.2 

9.6 
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The samples differ wi th respect to the percentages of the si x protelc 
classes: The glladln-I ethanol-soluble fraction <without reducing agent>, 
which prevails in both samples (34.3 and 39.2 %), corresponds to the classical 
"gliadin" of most of the previous works . The percentage of glladln-II 
<ethanol-soluble In the presence of reducing agent), which Is lower, clearly 
differenciates the two types of wheats <15 . 0% In the type "42" and 22.8% In 
the type "45"). 

All these fractions have been further characterized In SDS-PAGE, as 
Illustrated on Fig. 1 In the case of cv. Agathe. In spite of their specific 
pattern, each fraction consists In subunits covering a wide range of apparent 
molecular weights wl th considerable overlaps wl th other fractions . Soluble 
proteins range from apparent MW 15 to 62.5 X daltons ; glladins-1 from 22, 5 to 
68 Kand glladln II from 37.5 to 110 K. Glutenln <I and II> patterns consist 
In four maJor regions: 

- one low mob I 11 ty region <apparent MW : 95-110 X> that corresponds to HMWG 
subunits, which , in the particular case of cv. Agathe, are likely to 
correspond to B genome bands referred to as the al lei le block 6-8 <Bran lard 
and Autran, unpublished results>, 

- a strong single band , with a mobility comparable to that of one salt-soluble 
canponent, 

- one region with Intermediate mobility subunits <apparent MW: 44.5-51.5 X> 
that Is likely to correspond to a low-molecular-weight fraction of glutenln 
subunits CLMWG>, 

- one fast-moving region <apparent MW 15 to 40 X> with mobilities similar to 
some salt-soluble proteins and that we shall referred to as 
very-low-molecular-weight glutenlns <VLMWG> . 

Fig. 1 

SOS + ME - SOLUBLE CGLU-II > 

Ac OH + ME - SOLUBLE CGLU-1> 

ETHANOL + ME - SOLUBLE (GLl-II> 

ETHANOL-SOLUBLE CGll-1> 

NaCl-SOLUBLE 

TOTAL REDUCED PROTEIN 

SDS-PAGE patterns of protein fractions from cv . Agathe. 

Consequently, when considering a whole protein extract <slot n• 6, 
Fig. 1>, It turns out that, with the exception of the HMWG subunits that can 
be easily located In the MW 95-105 X region, no subunit can be unambiguously 
assigned to a well-defined group or to a monomeric or an aggregative type. 
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Therefore, prior t o one dimensional electrophoresis and to achieve a 
better asslgnement of the bands, a chromatographic step has been performed on 
the gliadin-1 fr ac tion . 

Ethanol-sol uble Protei ns Chromat ography 

A relat ively high resolution and a satisfactory recovery of the 
proteins C85-90 %> were obtained when using an Ion-exchange chromatography on 
CM-52 with the acetic acid/sodium acetate/ DMF buffer CpH 3.5) . 

A typical separation of the ethanol-soluble proteins Is shown on Fig . 
2 in the case of cv. Agathe . 

Fourteen fr act I ons wer e co 11 ected and exam I ned In A-PAGE wl thout 
reduction <Fig. 3a) and in SDS-PAGE after reduction CFlg. 3b>. The amounts of 
each frac ~ lon were evaluated: a> by XJehl dahl determinations on each 
recovered product and b> by measuring the areas under the chromatographic 
curve using a graphic tablet . Comparable results were obtained, excepted for 

<o-gl ladlns which gave higher va lues by densitometry. Mean va lues between the 
two techniques are reported on Fig . 1. 

A 25'• 

Pta~ % o l 
Nurr.oer recovery 

I 1.2 
2 . 9 
3 .6 
4 • 4 
5 4 . 2 
6 9. 1 
7 5.6 
6 6 .3 
9 16.9 0.05 M 

10 14.3 
II 23 .1 
12 6.2 
13 5.0 
14 4.0 

PE AK N" 1 I I l I 3 14 15
1
6 y 8 1 9 I 10 I II 1111 13 1 

I~ 

Fig . 2 : Ion-exchange chromatography In CM 52 <0 . 005 11 sodium acetate buffer, 
DMF 111, pH 3.5> of ethanol-soluble proteins Ccv. Agathe) 

In spite of overlaps between peaks and of the fact that most SDS-PAGE 
components correspond to sever a 1 A-PAGE bands <for examp I e, the reference 
subunit n• 1000 covers at least three maJor bands Including one ( <51>, oner 
and one-< ) , several Interesting trends In the fractions composition can be 
reported: 

- The two first peaks contain w-glladln bands CA-PAGE mobilities 20 and 23 
respectively) In a relatively pure state, which correspond to two close 
SDS-PAGE subunits with mobilities around 750 . 
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A- PAGE 
MOBILITIES 

82 
76 

51 

45 

35 

23 
20 

-.. 

_... ..... -- ~ 
PEAK N° ES 1 2 3 4 .5 6 7 .a ES 9 10 11 12 13 14 ES 

] Q -GLIADltlS 

J B -GLIADINS 

J y-GLIADINS 

Fig. 3a : Electrophoretlc character ization CA-PAGE> of the fractions separated 
by IE-chromatography from ethanol - soluble proteins Ccv. Agathe>. 

SOS-PAGE 
moblllt!es 

3 16 
382 

566 
622 

750 
806 
847 

10 00 

... 

PEAK N° ES TP 

- subunits 
- ] HMWG 

J 
LMWG 
triplet 

GLIADINS 

2 3-~ 6 7 8 9 10 11 12 13 14 ES TP 

Fig. 3b Electrophoretlc characterization CSDS-PAGE> of the fractions 
separated by IE-chromatography from ethanol-soluble proteins <cv. Agathe>. 
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- The two maJor r-glladln bands 45 and 51 are mainly found Jn peaks 7 and 8 
and are Identified to subunits 806 and 1000 respectively . 

_....,_glladlns bands <A- PAGE mob il ities : 20 to 35> yield SDS-PAGE subunits 566 
to 750; maJor Y-glladlns C43 to 51> , subunits 806 to 1000; ~-glladlns (55 to 
68>, subunits 806 to 1105; «-glladlns C76 to 86), subunits 928 to 1105 • 

The most Interes ting result ls that only the chromatographic peaks 1 
to 12 yield bands In A-PAGE, peaks 13 and 14 only streaks , while peaks 10 to 
12 yield streaks and «-gl Jadin bands; this ls not the case In SDS-PAGE Jn 
which Intense subunl ts are visible In al I fractions . It Is clearly apparent 
that all peaks that yield streaks <along with some slot material> In A-PAGE 
show the strong triplet 750-806-847 <MW 44.5-51.5 K>, and sane faint subunits 
316-382 of higher apparent molecular weight: mobilities 316-382 <MW 95- 110 K> 
which agree to the above-mentlonned HMWG subunits . 

The strong triplet 750-806-847 occurs In all fractions eluted with a 
Ionic strength higher than 60 mM NaCl and cannot be mistaken with -glladln 
750 or t-glladln 847 subunits, which are eluted far before and without overlap 
In A-PAGE patterns. Therefore, It must be concluded that these Intense triplet 
subunits, strongly retained on the column and having probably a very basic 
characteristic, do not fat I Into any classical monomeric gl ladln type . These 
proteins must have an aggregative behaviour since they yield bands only In 
detergent media and after use of a reducing agent . The streaks and slot 
materials observed In the corresponding A- PAGE patterns <and In whole glladln> 
might evidence a I arge number of random I y comblnated subunl ts <excepted In 
some more apparent regions that could correspond to more probable 
associations> that give rise to continuous streaks Instead of giving discrete 
bands. 

When comparing the patterns of the chromatographic peaks 10 to 14 to 
gl ladln-II or gluten In-I patterns of the Fig. 1, a striking slml larl ty ls 
noticed. GI ladln-II consists essential Jy of the same strong triplet 
750-806-847. The same prate Ins are v I slbl e In the patterns of gluten In-I, In 
which they represent the central part of the patterns, Intermediate between 
HMWG and VLMWG regions. It must therefore be concluded that this triplet does 
correspond to an equ Iva I ent of what has been !dent If I ed In bread wheats as 
"low-molecular-weight glutenln" CLMWG> . These proteins are present In durum 
wheat fractions extracted with a reducing solvent Cglladln- Il or glutenln- I> 
and Cglladln-I> without reducing agent; from simple visual examination, they 
seem to account for a maJor part of the whole gl ladln pat.tern <see Fig. 1, 
slot 3, or Fig. 3b, slot ES>. 

Very slml Jar elution curves were obtained wl th other cul tlvars 
<patterns not shown>. Uni Ike A-PAGE patterns which show different gl ladln 
compositions between cultlvars, apparent molecular weight distributions In 
SDS- PAGE were nearly Identical. The only difference that has been noticed In 
the case of the • type 42" cultlvar CCalvlnor> concerned the c~osltlon of the 
LMWG group : the four fainter subunits 750-776-806-839 (apparent MW: 45-51 . 5 I> 
were present Instead of the strong triplet that characterizes all • type 45" 
cultlvars <Du Cros, 1987; Du Cros and Autran, unpublished results>. These two 
types of LMWG groups are very I Ike I y to correspond to the a 11e11 c types 
referred to as LMW1 Clinked to ( - glladln 42 In "type 42" cultlvars> and LMW2 
<I Inked to ll'-gl ladln 45 In •type 45 1 cul tlvars> by Payne et al. C1984b> and 
Autran and Berrier <1984> . 
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Complementary results have been obtained by a classical size-exclusion 
chromatography of the ethanol-soluble fractions on Sephadex G-150 <F ig. 4). 

This result confirms the presence of aggregated material <excluded 
peak) In the ethanol-soluble fraction of durum wheat cv. Agathe. SOS-PAGE 
patterns of reduced proteins from this excluded peak Indicates the presence of 
several types of subunits. The first eluted fractions <slots 1 and 2) contain 
HMWG, LMWG and traces of fast-moving bands while the end of the excluded peak 
<slots 3 and 4> essentially contain the LMWG triplet. As expected, the 
composltlon of the second chromatographic peak <slot 5> corresponds to major 
glladln bands In the 25K-40K region. Accordingly, this result confirms that 
LMWG triplet has a tendancy to form protein aggregates, of predominant ly lower 
apparent size, however, than HMWG do. 

SIZE EXCLUSION CHROHAlOGRAPllY IN 
SEPHAOEX G 150 
<ACE l!C AC ID 0.1 MlOf ErHANOl.
SOLUBLE PROTEJNS 

A 754 

FRACTION N° ' 2 3 .. 

1- - --- -'-· 
SOS-PAGE PATT ERNS Of lllE FRACllONS I 2 3 4 Ii ES 
SEPARAfEO BY SE-OtROICAfOGRAPllY 
FRIJ4 ETHANOL-SOWBLE PROlE INS 
cv . AGArtlE 

Fig. 4 Size-exclusion chromatography of ethanol-soluble proteins <cv. 
Agathe> In Sephadex G 150 <acetic acid 0.1 M> and SOS-PAGE characterization of 
the fractions. 

Qyantltatlon of the malor protelc subunits In glladln-1 

All chromatographic fractions , as also whole glladln-I, were analysed 
by laser densitometry. Considering that the dye binding capacity of protelc 
molecules to Coomassle blue In acid solution ls roughly proportional to the 
basic amino acid contents of proteins, we assumed that most components of a 
given chromatographic peak would be similar In this respect so that optical 
density provided a val Id measure of the relative amounts of protein. As In 
previous works using densitometric measurements of wheat proteins <Fullington 
et al., 1980, 1983>, we thought this was a reasonable assumption, but 
recognized the possibility that bands within a given group could conta in 
proteins with different amino acid compositions. When different kinds of 
proteins such as salt-soluble, glladlns, LMWG, HMWG, are compared, 
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densitometric results must be considered with care. However, since 
salt-soluble frac ti ons <rich In bas ic groups) have little contribution to t he 
tota l proteins t hat have been examined Cgl ladln-1 ), all the other groups be ing 
storage prote ins wi th s imilar bas ic/ acid amino aci ds rat ios, we thought that 
reliable estimates could be made nevertheless. 

Densitometric analyses have been carr ied out <Fig. 5 ) In view to 
estimate, In glladin-1 and Its chromatogr aphic fractions, the percentages of 
the maj or o(-, [I-, r-, w-gl ladlns or of LMWG and HMWG <traces be ing neglected). 
For example, In the case of cv. Agathe <see Fig. 2 and 3) , peaks 1 and 2 were 
found to be 100 % ...., -gl ladlns; peak 7 consisted In w-gl ladln 35 <20%>, 

r-gl lad lns 43 <14%), 45 <21%> and 51 <45%); peak 9 consisted In 100% of 
P-glladlns; peak 11 consisted In LMWG triplet (83.7%>, HMWG <5.9%>, ~-gl l adlns 

<8.5%) and traces <1.9%> of albumin-like fast moving material . 

From the relat ive amount of each fraction In gll adln-1 <see Fig. 2>, 
an estimation was made of the amount of each protelc group In each major 
SOS-PAGE band or zone and the results were sunmed up for the whole glladln- I. 
These estimations have been sunmarlzed on Table II In the case of cv. Calvlnor 
and Agathe respectively. A such estimation was not possible without 

Table II : Global estimates of the different A-PAGE classes of g ll adlns 
and of HMWG and LMWG In ethanol-soluble fractions Cgl l adln-1) 

<In % of the total ethanol-soluble f raction) 

cv. Calvlnor 
<type • 42' > 

a/ -gl I adl ns 
~-gl ladlns 
l"-glladlns 
iu-gl ladlns 
HMWG 
LMWG 
misc., fast
movlng material 

<*> Including l'-42 
(H) Including Y-45 

19.9 
24.6 
23.9 (*) 
10.3 
4.3 

14.4 

2.6 

10.1 % 
7.6 % 

cv . Agathe 
<type •45• ) 

14.0 
22 . 7 
21.9 (H) 

5. 7 
5.9 

27 . 1 

2 . 7 

a pre I Im! nary chromatograph I c step because of the lmposslbl 11 ty to ass! gn a 
SDS-PME band to a we! I-defined group from a whole gJ ladl n one-dimensional 
pattern. 

The main trends that appear from these estimat ions are the following: 

- In both types of cultlvars <Calvlnor and Agathe), classical gl l adln 
contains, as expected, high and slml Jar percentages of DI, P and r fractions, 
much lower percentages (about 5% and 10%, respect i ve l y> of w fractions, and 
some traces of fast moving components <residual sal t-soluble fractions or 
fast-moving glladlns referred to as F42 or F45 In a previous work <Cottenet et 
a 1 . , 1984a » . 
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- 'Dle maJor f-glladlns <42, 45 and 51), previously purified <Cottenet et al., 
1983>, represent respectively 10.1%, 7.6% and 8.7% of the total 
ethanol-soluble fraction. With respect to the total proteins, their respective 
ratios are 3.9%, 2.6% and 3.4%. 

- Interestingly, both types contain snal I amounts of high-molecular-weight 
fractions (about 4% and 6%> and particularly large amounts of LMWG fractions 
for which they also strongly differ: about 14% ln type 42 and 27% ln type 45. 

Densltanetrlc analyses afford to demonstrate the occurence of a high 
percentage of LMWG fractions <along with small amounts of HMWG>, In 
ethanol-extracted proteins, besides what can be called atrue glladlnsa <I.e. 
those that behave as monaners and give rise to bands In A-PAGE gels>,. 

These LMWG and HMWG contents are even likely to be underestimated 
since the determinations have been based on ethanol-soluble fractions that 
redissolved In the chranatographlc buffer and on recovered chranatographlc 
peaks only <Insoluble or not eluted fractions usually consist more Jn 
aggregated fractions than In monanerlc ones>. 

However, since this first estimation concerned the gJladlns only, It 
was necessary to go further In estimating the percentages of LMWG and HMWG In 
the other fractions and In total proteins. 

Qyantltatlon of the malor protelc gybynlts lo whole durum wbeat proteins 

SDS-PAGE patterns <Fig. 1> of the f lve fractions Csal t-soluble, 
glladln-I, glladln-II, gluten In-I, gluten In-II> were scanned :id the 
percentage of each maJor band or zone was eatlmated as for glladln-I 
herelnabove. 

Salt-soluble fractions <as opposed to glladlns and glutenlns> consist 
mainly In fast-moving canponents (mobilities >850> and In a strong slow-moving 
band <mobl 11 ty: 622> and do not exhlbl t any particular band In the LMWG 
region. Since soluble proteins and true <monomer le> gl ladlns are I lkely to 
have been removed prior to glladln-II extraction, the patterns of glladln-II 
and subsequent fractions consist In aggregative canponents only, that fal 1 
respectively Into HMWG <mobilities: 316 to 622>, LMWG <750 to 847> and VLMW <> 
900> subunits. In the case of cv. Agathe, the distribution of these three 
classes was: 16%, 58% and 26% respectively In glladln-II; 36%, 37% and 27% In 
glutenln-I; 30%, 37% and 33% In glutenln-II. 

Taking Into account the percentage of each solubl 1 lty fraction In 
total proteins <according to the data of Table I>, the contribution of each 
maJor band can then be calculated, like the true percentages <with respect to 
the total proteins> that respectively fall to salt-soluble fractions v- ~-

"I-, C4J-gl ladlns, LMWG, HMWG and residue. Fran the synthesis of th;ae data' 
presented on Tables III and IV, it appears that: ' 

- Several fractions occur at similar ratios In both types of wheats: 
BMWG, VLMWG and residual proteins <about 10% each> and salt-soluble <about 
20%, a little more In cv. Calvlnor>. 

- The maJor differences between the two types of cultlvars essentially 
concern gliadlns and LMWG components. True glladln bands represent 32% In cv. 

-----'-

2n 

Table III : Calculated contribution of each maJor SDS-PAGE subunit 
to the total wheat proteins <In % of the total proteins, 

not Including residue>. 

Subunl t 
mobilities Main components cv. Calvi nor CV. Agathe 

281 to 316 HMWG 4.8 5.5 
566 tu-glladln 3.0 1.1 
622 HMWG; alb-glob. 16.3 13.4 
750 LMWG; w-gl ladln 

4.8 l 16.3 
776 LMWG 5.0 Total: l Total 1 25.9' 32.7' 
806 LMWG; ~-glladln 7.2 lncl. 6.6 lncl. 

66.7% 84.3' 
839 LMWG; Y-glladln 8.9 of LKWG of LMWG 
847 LMWG; l'-glladln 9.8 
872 ~-glladln; r-glladln 4.2 2.9 

a lb-glob. 
901 P-glladln 3.9 4.1 
928 to 1071 Dl-gl ladln; f\-glladln 15.1 16.1 

VLMWG 
1105 Cl(-gl ladln; P-glladln; 8.2 6.3 

a lb-glob.; VLKWG 

>1250 alb-glob.; VLMWG 9.0 8.1 

TABLE IV : Calculated contribution of salt-soluble proteins, glladlns, 
HMWG, LMWG, VLMWG and residue to the total wheat proteins 

<In % of the total proteins>. 

cv. Calvlnor cv. Agathe 

Salt-soluble 23.5 19.2 
ct-gl ladlns 8.0 ;i 5.0 ~ l'-glladlns 10.0 31.9 8.o 22.7 
l'-glladlns 9.7 <*> 7.7 (H) 
a.1-gl ladlns 4.2 2.0 
HMWG 10.2 J 11.5 ~ LMWG 15.1 33.5 27.7 49.5 
VLMWG 8.2 10.3 
Residue 9.6 9.1 

Ratio: aggregatec:Vmonanerlc 1.35 2.58 

(f) Including r.42: 3.9% 
(H) Including 1·45: 2.6% 
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Calvlnor, but only 23% In cv. Agathe . Conversely, LMWG occur at almost double 
ratio In cv. Agathe <28%> compared to cv. Calvlnor C15% only>. 

- A more accurate Illustration of these differences can be shown using 
two-dimensional electrophoresis CNEPHGExSOS-PAGE> of most basic proteins of 
cv. Agathe and Calvlnor <Fig . 5>. Compared to the total protein extract, the 
subunits of LMWG groups are among the few that migrate toward the cathode In 
the 7-10.5 pH gradient. In the case of cv. Agathe, they give rise to three 
major spots <and several minor ones> with lsoelectrlc pHs estimated between 
7.5 and 8.0, while, In the case of cv. Calvlnor, the four fainter bands of the 
LMWl group give rise to five spots In a s imilarly basic pI region . 

NEPHGE - NEPllGE -

·- -
SOS- PAGE SOS- PAGE 

-
cv. AGATHE cv. CALVINOR 

Fig. 5 : Two-dimensional characterization CNEPHGE x SOS-PAGE> of the most 
basic subunits of a total protein extract. 

- LMWG make up a maJor fraction <and even one of the eas iest £ration 
to Identify from SOS-PAGE patterns> 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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contains more LMWG proteins than the type "42" and these proteins are less 
ethanol-soluble In the former than in the latter, wha t explains the large 
preval ence of glladln-11 fract ion In cv. Agathe compared to cv. Calvlnor. 

DLNS 11 OHL Ill! c I RAC ING or : 
A • IOIAL RlDUCEO PRO l[ INS 
U - 'ft1IOL[ [ lltANOL SOLUBLE r RACl IONS 
C - OIROHA IOGRAPIHC P( AK N° 13 

SOS-PAGE 
HOBILI T !ES 

c 

B 

CV. AGA lltE 

250 500 

LMllG IRIPLE l 

750 1000 1250 

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% ~-glladlns, 24% t-glladlns , 4%...,..glladlns. 

- When considering a total ethanol-extract C34.3% In Calvlnor>, the 
percentage of true glladlns <those that migrate In a regular A-PAGE gel) with 
respect to the extracted proteins, Is largely overestimated: only 79% of these 
extracted proteins In cv. Calvlnor and 65% In cv. Agathe are true monomeric 
gl ladlns, the remainder being assignable to aggregated protelc material . 

- The ratio LMWG I glladlns affords a excellent dlsccl~lnatlon of the 
two types of cultlvars: respectively 0.47 and 1.22 for Calvtnor and Agathe. 
The same Is true for the ratio: aggregated fractions CHMWG+LMWG+VLMWG+resldue) 
I monomeric fractions Cgl ladlns>: 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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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 <Payne et at., 1984b; Autran and Berrier, 1984>: 

1U-glladlns, t-glladlns and LMWG, and perhaps, to a tower extent, to those coded 
by locus m.i.t:JU. <Autran and Feil let, 1985>. 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 <Autran and Felllet, 1985> and physlco-chemlcal studies 
of Y-glladlns 42 and 45, in spite of sane dlffer-ence In surface hydrophoblcity 
<Cottenet et at., 1984b>, 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- <3.9%> than the ratio of 

Y'-gl ladin 45 <2.6%>. 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 <Trltlcum aestlvum>, It has been shown <Payne and 
Lawrence, 1983; Branlard et Le Blanc, 1985> that baking qual lty ls more 
associated to .aJ.M.=.1-coded proteins <HMWG subunits> 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 <Huebner and 
Bletz, 1986>, 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. 
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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 <fran 23'c to 32% 
of the total pt"oteins In this wot"k> coC'respond to monanet"lc proteins separated 
In discrete bands In A-PAGE, while glutenlns Cfran 33'c to 50'c> are separated 
in SDS-PAGE gels only afteC' a prellminaC'Y tC'eatment by a reducing agent, even 
If some of them (paC'tlcularly LMWG fractions> have been paC'tly extracted by 
aqueous ethanol. To calculate the ratio aggregated/ monaneC'lc caup~nents In 
gluten proteins can be recarmended to predict gluten vlscoelastlclty, Instead 
of the classical glutenln / glladln ratio. 

2> The glutenln subfractlons do not exhibit the same solubility 
characteristics. LMWG might be Jess aggregated than HMWG since about one third 
of total LMWG has been found In ethanol extracts (Jess than 15' for HMWG> • 
However, the differences, If any, ln functional pC'opeC'tles of these two 
fC'actlons and of the IC' different al let le types among durum wheats are not 
known but should be clat'lfled shortly, more especlaJJy fC'an sequences 
determinations. 

3> LMWG appear as a maJor fraction among gluten pt"otelns although they have 
been ceC'talnly underestimated In this work since non eluted and residual 
fractions <that are likely to mainly consist In aggregated PC'otelns> 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 
pC'oteln pool could explain the opposite characteC'lstlcs of •42• and 1 451 duC'um 
wheat types with C'espect to gluten stC'ength and elasticity. 
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