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INTRODUCTICN

Conslderable amount of bilochemlcal, genetic and technological
Investligations have been carried out on wheat proteln fractions based on
Osborne’s solublllty scheme as previously reviewed (Feillet, 1965; Bletz et
al., 1973; Bushuk and Wrigley, 1974; Kasarda et al., 1976). However, glladin
preparations (even extracted without reduclng agent and examined In different
chromatographic media) contain aggregated fractlons called elther ®aggregated
gliading® (Shewry et al., 1983), *high-molecular-weight gliadin® (Bletz and
Wall, 1980; Fleld et al., 1983), or *"low-molecular-weight glutenin® (Kanazawa
and Yonezawa, 1973). By gel filtration of glladin on Sephadex G-100, Jackson
et al. (1983) identified in the vold volume several subunits coded by genes
dlifferent from those coding for other gliadin fractlons. On the other hand,
glutenin fractlions have been shown to contaln gliadin-1ike subunits (Bletz and
wall, 1973), giving other evidences of the limits of the solubllity-based
Osborne’s classliflcation. Other clagslfications have been proposed based upon
gulfur content (Shewry et al., 1984; Shewry and Miflin, 1984), aggregatlve
properties (Miflin et al., 1983)(Shewry et al., 1986), blologlcal functions
(Shewry et al., 1986), N-terminal amino acid sequences (Kasarda et al., 1984),
chromosomlc locatlons of genes coding for the protelns (Payne et al., 1984a).

It is now fully demonstrated that gluten proteins conglist of 3 major
storage proteln familles:

~ one monomeric family that corresponds to clagsical glliadins
(apparent molecular welghts: 25000 to 70000) and that Includes & + B types

(genes mostly located on the short arm of chromosomic groups n® 6) and ¥ +w

types (genes mostly located on the short arm of chromosomlc groups n® 1).

- one aggregative family, generally reported as "high molecular weight
glutenin® or "HMWG", corresponding to natlve aggregates of apparent MW from 1
to several milllions, which, upon the effect of reducing agents, yleld subunlits
of apparent MW 65000 to 130000 (genes located on the long arm of chromosomic
groups n°1).

- one aggregatlve famlly that we shall refer to as "low molecular
weight glutenln® or *LMWG*, corresponding to large aggregates which, upon
reductlon, yield subunits wlth apparent MW of 12000 to 60000 only (the major
types belonging to the 45000-50000 range), most of them having genes located
on the short arm of chromogomic groups n® 1, in the same complex locus than

¥+ wgliadln locus.

LMWG remaln the least characterized group. They differ from HMWG by
their subunit molecular weight, the chromosomic lccation of the genes coding
for and the amino acld compositlion (lower glycine content (Shewry and Miflin,
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1984>). Thelr amount in gluten ls controversial; thelir different allelic types
and their contribution to the gluten functional propertlies are poorly known;
the physico-chemical basis of their aggregative behaviour Is not explalned.

Although our investigatlons have been carrled ocut both on bread wheats
and durum wheats, we choosed in this paper to {llustrate the results In
restricting curselves to the durum wheat protelns as a model. Burum wheat LMWG
have never been thoroughly examined (Payne et al. (1984b)). Moreover, durum
wheat proteins afford an unique example of a clear cut relatlonshlp between a
functional property which ia essential In determining cooking quality of pasta
(gluten vigcoelasticity) and a genetic type 1.e. the presence of a given
allele at one locus coding for some Y -glladins and LMWG (Damidaux et al.,
1978; Autran and Berrler, 1984; Autran et al., 1986).

The aim of this paper Is to characterlize the durum wheat LMWG and to
determine thelr quantitative Importance in gluten protelns, more speclflically,
within ethanol-soluble fractions which have been considered for a long tlime as
typical glliadins.

Based upon chromatography and densitometry from one and
two-dimensional electrophoresis, an explanation for IMWG functional role in
determining intrinsic quality dlifferences among durum wheats ls ultimately
proposed.

MATERIAL AND METHODS

Blant material

The cultivars of durum wheat (Tritlcum durum Desf.) used were Agathe
(gocd pasta quallty and high gluten strength) and Calvlnor (medium pasta
quallity and poor gluten strength). They were grown In 1985 In the I.N.R.A.
experimental field in Montpellier.

Wheatgs were milled Into semollna In a pllot mill (yleld 76 %)
(Houliaropoulos et al., 1981). ’

Glladin preparation

100 g. semollna were extracted at room temparature (20°C) with 1000 ml
70 % (v/v) ethanol/water (without reducing agent). After centrlfugatlon at 38
000 g, proteins were precipltated from the supernatant by addition of 3000 ml
0.25 M sodium chloride. The mixture was allowed to stand overnlight at 4°C and
the precipltate was collected by centrifugation. Proteins were then dissolved
fn 200 ml 0.01 M acetlic acld, dialyzed thoroughly against distilled water at
4°C, shell-frozen and freeze-dried.

Seauentia)] extraction

Salt-goluble proteins , gliadin-1, gliadin-1I, glutenin-I glutenin-II
were extracted at room temperature (approx. 20°C) from semollna (ratlo of
extractant to solld: 10:1) according to the sequentlal procedure developed by
Landry (1979) with respectively: sodlum chloride 0.5 M, ethanol 60 % (v/v),
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ethanol 60 % + 2-mercapto-ethanol 0.6 %, acetlc acid 1 % (wv) +
2-mercaptoethanol 0.6 %, SDS 1.5 % (w/v) + 2-mercaptcethanol 0.6 %. Each step
consisted in one extraction plus two washings of the residue. The ratio of
each solubjlity group was obtalined by proteln determination on allquots of the
pooled supernatants. The remalnder was dialyzed against distllled water and
freeze-drled.

Size-exclusion chromatoaraphy of gliadin-1

GLiadln-I was separated by slze-excluslion chromatography on Sephadex
G-150 as described by Bletz and Wall (1980). The column (2.5 x 100 cm) was
equlllbrated with acetlc acid 6.1 M. 100 mg of proteln was dlssolved in 1 ml
of column solvant, clarified by centrlifugation, and applied to the column. S
ml fractions were eluted (flow rate: 15 ml/h.) at room temperature, monitored
at 254 nm, dialyzed agalnst distilled water and freeze-drled.

lon-exchange chromatoaraphy of glladln-1

Glladln-1 was separated by ion-exchange chromatography on Whatman
CM-52 as descrlbed by Kasarda et al. ¢19683>. The column (2.5 x 256 cm) was
equlllibrated with a buffer 5 mM sodium acetate / 1 M dimethylformamide (DMF)
buffer (pH 3.5). 1 gram of proteln was digssolved In 50 ml of column buffer,
clarifled by centrlfugation, and applied to the column. S ml fractlons were
eluted (flow rate: 15 mi/h.) at room temperature with a gradient of 5 to 100
mM sodium acetate in the column buffer, monitored at 254 nm, dialyzed agalnst
digtilled water and freeze-drled.

Electrophoresgis

Fractions from column chromatography and sequentlal extraction were
analysed by acld polyacrylamlde gel electrophoresls (A-PAGE)> In alumlnium
lactate buffer, pH 3.2, according to Bushuk and Zlllman (1978) and identifled
according to the two-pumber Zillman and Bushuk’s nomenclature (1979), but
using the durum wheat ¥-glladin 51 as reference band (Damidaux et al., 1978)
and by polyacrylamide gel electrophoresls in Tris-glycine buffer contalning
sodlum dodecyl sulfate, pH 8.4 (SDS-PAGE) as descrlbed by Payne and Corfleld
(1979) sllghtly modifled (Autran and Berrler, 1984) and named accordipg to
thelr mobllity by reference to a specific *subunit 1000* (Berger et Le Brun,
1985).

Two-dimenslional characterizations of the basic fractions were carried
cut using a NEPHGE x SDS-PAGE system as described by Holt et al. (1981) with a
pH range of 7 to 10.5.

Dengltometry

Black and white prints of the gels were scanned with a soft laser LXB
Ultroscan densltometer. The densltometric curves were processed (basellne
substraction, peak Identification, integration) with a LKB Gelscan software on
Rpple Ile microcomputer. Reproduclbility of the densltometrlc analyses have
been evaluated to i 2% when scanning the same electrophoretic pattern and to
only + 10% when scanning different patterns of the same sample, which lg
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conslstent with previous reports (Fullington et al., 1980, 1983). In all
tables, estimated percentages correspond to the means of four determlnatlons
(for instance, two chromatographies, one electrophoresis and two scannings).
Small traces of components were not taken into account and suppressed by
basgeline substractlon.

Other laboratory tests

Protein content (XN x 5.7) was determined by the Kjehldah! method.
Glutens were extracted and submltted to Viscoelastograph measurements to
determine flrmness and elastic recovery as previously reported (Autran et al.,
1986).

RESULTS

Proteln compogition and gluten propertles

Protein content and gluten viscoelasticlity of the samples are given In
Table I. In accordance with prevlicus works (Damldaux et al., 1978; Autran et
al., 1986), cv. Agathe and Mondur, that belong to durum wheat genetic type *
Y-glliadin 45" show much higher gluten flrmness and elastic recovery than cv.
Kldur and Calvinor that belong to type "V-glladin 42°.

Table I : Proteln compositlon and gluten characterlistlics.

Cultivar Agathe Calvinor
(genetlc type) ("45*) (*42*)
Protein content (% d.b) 15.4 16.0
Gluten flrmness (mm) 2.97 1.50
Gluten elastlic 1.78 0.75

recovery (mm)

Protelc composition :
(in % total protelns)

Albumins + 19.2 23.5
Globulins

Glliadin-I 34.3 39.2
Gliadin~-II 22.8 15.0
Glutenln-I 8.6 7.5
Glutenin-I1 6.0 5.2
Resldue 9.1 9.6
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The samples dlffer wlth respect to the percentages of the six protelc
classes: The glladin-1 ethanol-soluble fraction (wlthout reducing agent),
whlch prevalls In both samples (34.3 and 39.2 %), corresponds to the classical
"gliadin" of most of the prevlious works. The percentage of glladin-II
(ethanol-soluble In the presence of reducing agent), which Is lower, clearly
differenclates the two types of wheats (15.0% In the type “42" and 22.8% In
the type "45"),

All these fractions have been further characterlized In SDS-PAGE, as
11lustrated on Fig. 1 in the case of cv. Agathe. In spite of thelr specific
pattern, each fraction consists In subunits coverlng a wide range of apparent
molecular welghts with considerable overlaps with other fractions. Soluble
proteins range from apparent MW 15 to 62.5 K daltons; gliadins-I from 22, 5 to
68 K and glladin II from 37.5 to 110 K. Glutenin (I and II) patterns consist
In four major regions:

- one low moblllty reglon (apparent MW: 95-110 K> that corresponds to HMWG
subunits, which, In the partlcular case of cv. Agathe, are likely to

correspond to B genome bands referred to as the allelic block 6-8 (Branlard
and Autran, unpubllshed results),

- a strong single band, with a mobllity comparable to that of one salt-soluble
component,

- one reglon with Intermedlate moblllty subunlits (apparent MW: 44.5-51.5 K>
that Is likely to correspond to a low-molecular-welght fraction of glutenin
subunits (LMWG),

- one fast-moving reglon (apparent MW 15 to 40 K) wlth mobllitles similar to

some sSalt-soluble proteins and that we shall referred to as
very-low-molecular-welght glutenins (VLMWG).

SDS + ME - SOLUBLE (GLU-II)
Ac OH + ME - SOLUBLE (GLU-I)

ETHANOL + ME - SOLUBLE (GLI-II)
ETHANOL-SOLUBLE (Gli-I)
NaC1-SOLUBLE

TOTAL REDUCED PROTEIN

Flg. 1 : SDS-PAGE patterns of proteln fractlons from cv. Agathe.

Consequently, when conslidering a whole protein extract (slot n® 6,
Fig. 1), It turns out that, with the exceptlon of the HMWG subunits that can
be easlly located In the MW 95-105 K reglon, no subunit can be unambliguously
asslgned to a well-defined group or to a monomerlc or an aggregative type.
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Therefore, prior to one dimensional electrophoresis and to achieve a
better assignement of the bands, a chromatographic step has been performed on
the gliadin-1 fraction.

Ethanol-soluble Proteins Chromatography

A relatively high resolution and a satisfactory recovery of the
protelns (85-90 %) were obtained when uslng an lon-exchange chromatography on
CM-52 with the acetic acid/sodium acetate/DMF buffer (pH 3.5).

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

Fourteen fractions were collected and examined in A-PAGE wlthout
reduction (Fig. 3a) and in SDS-PAGE after reduction (Fig. 3b). The amounts of
each fraction were evaluated: a) by Kjehldahl determinations on each
recovered product and b) by measuring the areas under the chromatographic
curve using a graphlc tablet. Comparable results were obtalned, excepted for

w-gliadins which gave higher values by densitometry. Mean values between the

two techniques are reported on Fig. 1.

A 254 NaCl GRADIENT
Peak % of ,"’ Q.1
Number cecovery = E
______________ i

1 1.2

2 .9

3 .8

9 .4

5 4.2

6 9.1

7 5.6

8 8.3

p 16.9 4 0.05 M

10 14.3

11 23.1

6.2

5.0

4.0
[ - o
o s f 1 P T L I T 3 " N L
PERK N® | -~ T e s e e 9 T on 7] i

Flg. 2 :Ion-exchange chromatography in CM 52 (0.005 M sodlum acetate buffer,
DMF 1M, pH 3.5) of ethanol-soluble proteins (cv. Agathe)

In splte of overlaps between peaks and of the fact that most SDS-PAGE
components correspond to several A-PAGE bands (for example, the reference
subunit n* 1000 covers at least three major bands Including one ¥ (51), oneps
and one « ), several Iinteresting trends In the fractions composition can be
reported:

- The two flrst peaks contain w-gliadin bands (A-PAGE moblilitles 20 and 23
respectlvely) in a relatively pure state, which correspond to two close
SDS-PAGE subunits with mobllitles around 750.
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A-PAGE
MOBILITIES

82
16 ﬂ a -GLIADINS
' 8 -GLIADINS
' ¥-GLIADINS
w -GLIADINS

e v e M-

PEAKN° ES1 23 4 567 8g5 910 11 1213 14 5

Filg. 3a : Electrophoretic characterization (A-PAGE) of the fractlons separated
by IE-chromatography from ethanol-soluble protelns (cv. Agathe).

SDS-PAGE
mobilities

TR TN JF
L W +
R %1 )

HMWG
subunits

(5]
@
N

LMWG
- triplet

i
- [ sL1ADINS

PEAKN° ES 1p 1 235 6 7 8 9 10 11 12 13 14 5 Tp

Flg. 3b : Electrophoretic characterization (SDS-PRAGE) of

the fract
separated by IE-chromatography from ethanol e

-goluble protelns (cv. Agathe).
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- The two major Y-glladin bands 45 and 51 are malnly found In peaks 7 and 8
and are identlfled to subunits 806 and 1000 respectively.

- w-gliadins bands (A-PAGE moblilltles: 20 to 35) yleld SDS-PAGE subunits 566
to 750; major Y-glladins (43 to 51), subunlts 806 to 1000; P-glladins (55 to
68), subunits 806 to 1105; d-glladins (76 to B6), subunits 928 to 1105.

The most Interestlng result Is that only the chromatographlc peaks 1
to 12 yleld bands In A-PAGE, peaks 13 and 14 only streaks, while peaks 10 to
12 yleld streaks and o -glladin bands; thls Is not the case In SDS-PAGE In
which Intense subunlts are vislible In all fractions. It ls clearly apparent
that all peaks that yleld streaks (along with some slot materlal) In A-PAGE
show the strong triplet 750-806-847 (MW 44.5-51.5 K), and some falnt subunlts
316-382 of higher apparent molecular welght: mobllitles 316-382 (MW 95-110 K)
which agree to the above-mentlionned HMWG subunits.

The strong triplet 750-806-847 occurs In all fractlons eluted with a
lonlc strength higher than 60 mM NaCl and cannot be mlstaken with -glladin
750 or ¥ -glladln 847 subunits, which are eluted far before and wlthout overlap
In A-PAGE patterns. Therefore, It must be concluded that these Intense triplet
subunlts, strongly retalned on the column and having probably a very baslc
characterlstic, do not fall Into any classical monomerlic glladin type. These
protelns must have an aggregatlve behavliour slnce they yleld bands only In
detergent medla and after use of a reducing agent. The streaks and slot
materlals observed In the corresponding A-PAGE patterns (and In whole glladin)
might evidence a large number of randomly comblnated subunits (excepted In
some more apparent regions that could correspond to more probable
asgoclatlons) that glve rise to contlnuous streaks Instead of glving dlscrete
bands.

When comparlng the patterns of the chromatographlc peaks 10 to 14 to
glladin-II or glutenin-I patterns of the Flg. 1, a strlklng simllarity Is
noticed. Glladln-II consists essentlally of the same strong triplet
750-806-847. The same protelns are vislble In the patterns of glutenlin-I, In
whlch they represent the central part of the patterns, Intermedlate between
HMWG and VLMWG reglons. It must therefore be concluded that thls triplet does
correspond to an equlvalent of what has been ldentlfled In bread wheats as
*low-molecular-welght glutenln® (LMWG). These protelns are present In durum
wheat fractlons extracted with a reducing solvent (glladin-II or glutenin-I)
and (glladin-1) wlthout reduclng agent; from simple vlsual examinatlon, they
seem to account for a maJor part of the whole glladin pattern (see Flg. 1,
slot 3, or Flg. 3b, slot ES).

Very slmllar elutlon curves were obtalned with other cultivars
(patterns not shown). Unllke A-PAGE patterns whlch show different gliadln
compositions between cultivars, apparent molecular welght dlstributlions In
SDS-PAGE were nearly ldentlcal. The only dlfference that has been notlced In
the case of the "type 42" cultivar (Calvinor) concerned the compositlion of the
LMWG group: the four falnter subunlts 750-776-806-839 (apparent MW: 45-51.5 K)
were present Instead of the strong triplet that characterlzes all "type 45"
cultlvars (Du Cros, 1987; Du Cros and Autran, unpubllshed results). These two
types of LMWG groups are very llkely to correspond to the allelic types
referred to as LMW1 (linked to Y-glladln 42 In "type 42" cultlvars) and LMW2
(linked to ¥-glladln 45 In "type 45" cultlvars) by Payne et al. (1984b) and
Autran and Berrler (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 (Fig. 4).

This result confirms the presence of aggregated material (excluded
peak) in the ethanol-soluble fraction of durum wheat cv. Agathe. SDS-PAGE
patterns of reduced proteins from this excluded peak indicates the presence of
several types of subunits. The flrst eluted fractlons (slots 1 and 2) contaln
HMWG, LMWG and traces of fast-moving bands while the end of the excluded peak
(slots 3 and 4) essentlally contaln the LMWG trlplet. As expected, the
composition of the second chromatographic peak (slot 5) corresponds to major
glladin bands In the 25K-40K reglon. Accordingly, thls result confirms that
LMWG triplet has a tendancy to form protein aggregates, of predominantly lower
apparent slize, however, than HMWG do.

SEPARATED BY SE-CHROMATOGRAPHY
FROM ETHANOL-SOLUBLE PROTEINS
cv. AGATHE

S1ZE EXCLUSION CHROMATOGRAPHY IN
SEPHADEX G 150

(ACETIC ACID 0.1 M)OF ETHANOL-
SOLUBLE PROTEINS

A 254
FRACTION N°® Uit e 2
Filg. 4 : Slze-exclusion chromatography of ethanol-soluble proteins (cv.

Agathe) 1n Sephadex G 150 Cacetlc acld 0.1 M) and SDS-PAGE characterlizatlion of
the fractlons.

Quantitation of the major protelc subunlts In glladin-1

All chromatographic fractlons, as also whole gliadin-I, were analysed
by laser densitometry. Considering that the dye binding capacity of proteic
molecules to Coomassle blue ln acld solutlon is roughly proportlonal to the
basic amino acld contents of protelins, we assumed that most components of a
glven chromatographlc peak would be simllar in thls respect so that optical
denslty provided a valld measure of the relative amounts of proteln. As in
previous works using densitometrlc measurements of wheat proteins (Fullington
et al.,, 1980, 1983), we thought this was a reasonable assumption, but
recognlzed the posslbllity that bands wlithin a glven group could contaln
protelns with different amino acld compositions. When different kinds of
protelns such as salt-soluble, glladins, LMWG, HMWG, are compared,
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densitometric results must be considered with care. However, slnce
salt-soluble fractions (rich in basic groups) have little contributlion to the
total proteins that have been examined (glladin-1), all the other groups belng
storage proteins with similar basic/acid amino acids ratlos, we thought that
rellable estimates could be made nevertheless.

Densitometric analyses have been carried out (Fig. 5) In view to
estimate, In gliadin-I and its chromatographic fractions, the percentages of
the major &-, -, ¥-, w-glladins or of LMWG and HMWG (traces belng neglected).
For example, in the case of cv. Agathe (see Fig. 2 and 3), peaks 1 and 2 were
found to be 100 % w -glladins; peak 7 consisted In w-glladin 35 (20%),

V-gliadins 43 (14%), 45 (21%) and 51 (45%); peak 9 consisted In 100% of
P-gliadins; peak 11 consisted in LMWG triplet (83.7%), HMWG (5.9%), ®-glladins
(8.5%) and traces (1.9%) of albumin-1like fast moving material.

From the relative amount of each fraction In glladin-1 (see Fig. 2),
an estimation was made of the amount of each proteic group In each major
SDS-PAGE band or zone and the results were summed up for the whole glladin-I.
These estimatlons have been summarized on Table II In the case of cv. Calvlnor
and Agathe respectlively. A such estimatlon was not possible without

Table II : Global estimates of the different A-PAGE classes of glladins
and of HMWG and LMWG in ethanol-soluble fractions (gliadin-I)
(in % of the total ethanol-scluble fractlon)

cv. Calvinor cv. Agathe

(type "42") (type "45")
o -gliadins 19.9 14.0
P-gliadins 24.6 22.7
Y-glladlns 23.9 (%) 21.9 (#¥)
w-glladlns 10.3 5.7
HMWG 4.3 5.9
LMWG 14.4 27.1
mlsc., fast-
moving material 2.6 2.7

(%) Including ¥-42 : 10.1 %
(#%) lIncluding y-45 : 7.6 %

a preliminary chromatographlc step because of the Impossibility to assign a
SDS-PAGE band to a well-deflned group from a whole gliadin one-dimensional
pattern.

The maln trends that appear from these estimatlons are the following:

- In both types of cultivars (Calvinor and Agathe), classical glladin
contalns, as expected, high and simllar percentages of &, @ and ¥ fractlons,
much lower percentages (about 5% and 10%, respectively) of w fractlons, and
some traces of fast moving components (residual salt-soluble fractlons or
fast-moving glladins referred to as F42 or F45 In a previous work (Cottenet et
al., 1984a)).
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- The major f-glladins (42, 45 and 51), previously purlfled (Cottenet et al.,
1983), represent respectively 10.1%, 7.6% and B8.7% of the total
ethanol-soluble fraction. With regpect to the total proteins, thelr respectlve
ratios are 3.9%, 2.6% and 3.4%.

- Interestingly, both types contaln small amounts of high-molecular-welght
fractlions (about 4% and 6%) and particularly large amounts of LMWG fractlons
for which they also strongly differ: about 14% In type 42 and 27% In type 45.

Densltometric analyses afford to demonstrate the occurence of a high
percentage of LMWG fractions (along with semall amounts of HMWG), In
ethanol -extracted protelins, besides what can be called “true glladins® (|.e.
those that behave as monomers and glve rise to bands in A-PAGE gels),.

These LMWG and HMWG contents are even llkely to be underestimated
since the determinations have been based on ethanol-soluble fractlons that
redigsolved in the chromatographic buffer and on recovered chromatographic
peaks only (insoluble or not eluted fractions usually consist more In
aggregated fractlons than in monomeric ones).

However, since thls first estimatlon concerned the gliadins only, it
was necessary to go further in estimating the percentages of LMWG and HMWG in
the other fractlons and In total proteins.

Quantitation of the malor protelc gubunlts In whole durum wheat proteing

SDS-PAGE patterns (Flg. 1) of the flve fractions (salt-soluble,
glladin-I, glladin-1I, glutenin-I, glutenin-II) were scanned nd the
percentage of each maJor band or 2zone was estimated as for gliadin-]
herelnabove.

Salt-soluble fractlons (as opposed to glladins and glutenins) conslst
malnly In fast-moving components (mobllltles >850) and In a strong slow-moving
band (mobllity: 622) and do not exhlbit any particular band In the LMWG
region. Since soluble proteins and true (monomeric) gliadins are likely to
have been removed prlor to gliadin-II extraction, the patterns of gliadin-II
and subsequent fractlons consist In aggregative components only, that fall
regpectively Into HMWG (mobllitleg: 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%, S58% and 26% respectively in glladin-II; 36%, 37% and 27% In
glutenin-I; 30%, 37% and 33% In glutenin-I1.

Taking into account the percentage of each solubllity fraction In
total proteins (according to the data of Table I), the contribution of each
major band can then be calculated, llke the true percentages (wlth respect to
the total protelns) that respectively fall to salt-soluble fractlons, ¥-, -,
Y-, w-gliadins, LMWG, HMWG and residue. From the synthesls of these data,
presented on Tables III and IV, it appears that:

- Several fractlons occur at similar ratios in both types of wheats:
HMWG, VLMWG and resldual proteins (about 10% each) and salt-soluble (about
20%, a llttie more In cv. Calvinor).

- The major differences between the two types of cultivars egsentially
concern glladins and LMWG components. True glladln bands represent 32% In cv.
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Table II1 : Calculated contribution of each major SDS-PAGE subunit
to the total wheat protelns (in % of the total protelns,
not including residue).

Subunit
moblilities Main components

281 to 316 HMWG

566 w-glladin

622 HMWG; alb-glob.

750 LMWG; w-glladin

776 LMWG

806 LMWG; Y-glladin

839 LMWG; V-glladin

847 LMWG; Y-glladin

872 P-glladln; ¥Y-glladin
alb-glob.

901 f-gliadlin

928 to 1071 d-glladln; P-glladin
VLMWG

1105 d-glladin; P-glladin;
alb-glob.; VLMWG

1250 alb-glob.; VLMWG

cv. Calvinor

N W N OoCoowoeow

Total:
25.9%
incl.
66.7%
of LMWG

.

..
Giw
[l ]

-

8.2

cv. Agathe

5.5
1.1
13.4
16.3

- Total:

32.7%

6.6 Incl.

84.3%

- of LMWG
9.8
2.9
4.1
16.1
6.3
8.1

TABLE IV : Calculated contributlion of salt-soluble protelns, gilladins,
HMWG, LMWG, VLMWG and residue to the total wheat proteins
(in % of the total protelns).

cv. Calvinor cv. Agathe

Salt-soluble 23.5 19.2
d-gliading 8.0 $.0 —
f-glladins 10.0 31.9 8.0 22.7
¥-gliadins 9.7 (%) 7.7 (#%)
w-glladins 4.2 2.0 —

HMWG 10.2 11.5 —

LMWG 15.1 j 33.5 27.7 49.5
VLMWG 8.2 10.3

Residue 9.6 9.1

Ratlo: aggregated/monomeric 1.35 2.58

(%) including ¥-42: 3.9%
(*%) includling Y-45: 2.6%
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Calvinor, but only 23% in cv. Agathe. Conversely, LMWG occur at almost double
ratlo In cv. Agathe (28%) compared to cv. Calvinor (15% only).

- A more accurate [llustratlon of these differences can be shown using
two-dimenslonal electrophoresis (NEPHGExSDS-PAGE) of most basic protelns of
cv. Agathe and Calvinor (Flg. 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) wlth isocelectric pHs estimated between
7.5 and 8.0, while, In the case of cv. Calvinor, the four fainter bands of the
LMW1 group glve rlse to flve spots In a simllarly basic pl region.

M. __ NEPHGE —=

Mgl L gt
SDS-PAGE L bt

SDS-PAGE

|

cv. AGATHE cv. CALVINOR

Flg. 5 : Two-dimenslonal characterizatlon (NEPHGE x SDS-PAGE) of the most
baslc subunits of a total proteln extract.

- LMWG make up a major fractlon (and even one of the easiest fration
to lIdentify from SDS-PAGE patterns) of both total reduced proteins and
ethanol-soluble proteins. This result 1s illustrated on Fig. 6 by the
densltometric traclngs of these two samples, In comparison to the
chromatographlc peak 13 In which the percentage of LMWG triplet is 83 %.

- LMWG and HMWG are present In all glladin and glutenin fractions.
About 30-35% of LMWG are ethanol-soluble, 45-50% are ethanol+ME-soluble,
15-20% fall Into the two glutenin groups. Concerning HMWG, 10-15% are ethanol
soluble, 35-45% are ethanol+ME-soluble, 40-50% fall into the glutenin groups.

- In the two cultivars, the distrlbution of the aggregated groups
(LMWG and HMWG) between the different solublllty fractlons Is not the same:
LMWG are less ethanol-soluble and behave more as "glutenln-types" in Agathe
while the process s 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, what explalns the large
prevalence of gliadin-I1I fraction In cv. Agathe compared to cv. Calvinor.

LMWG TRIPLET
DENSITOMETRIC TRACING OF : =
A - TOTAL REDUCED PROTEINS 1
B - WHOLE ETHANOL -SOLUBLE rRACTIONS
€ - CHROMATOGRAPHIC PEAK N° 13

CY. AGATHE

SDS-PAGE 250 500 750 10 '
MOBILITIES e 120

Flg. & : Densitometric tracing of : A - Total reduced proteins; B - Whole
ethanol-soluble fractlons; C - Chromatographic peak n® 13. (cv. Agathe).

A more detalled examination of the quantitated results shows that:

- The triplet zone of a total protelns pattern of cv. Agathe (subunlts

750 to B49) is essentlally constituted by LMWG subunlts: B84% LMWG, 3%
[-glladins, 10% Y-glladins, 3% w-gliadins. The equlvalent gquadruplet in cv.
Calvinor Is made up of 67% LMWG, 5% p-glladins, 24% ¥-glladins, 4% w-glladins.

- When consldering a total ethanol-extract (34.3% In Calvinor), the
percentage of true glladins (those that migrate In a regular A-PAGE gel) with
respect to the extracted proteins, ls largely overestimated: only 79% of these
extracted protelns in cv. Calvinor and 65% In cv. Agathe are true monomeric
gliadins, the remalnder being asslgnable to aggregated protelc materlial.

- The ratio LMWG / glladins affords a excellent disccimination of the
two types of cultlvars: respectively 0.47 and 1.22 for Caivinor and Agathe.
The same is true for the ratio: aggregated fractions (HMWG+LMWG+VLMWG+residue)
/ monomerlc fractlons (gllading): respectively 1.35 and 2.58. Such ratlos,
that keep closer to physico-chemical basis of technologlcal quallty than did
the glutenin / glliadln ratlos previously proposed, should be successfully used
In vliew to predict gluten characteristics at the breeding stage



DISCUSSION

In- durum wheats, gluten viscoelastlcity - an important factor of pasta
cooking quallty - is strongly assoclated to the allellc type of protelns that
are coded by locus Gli-Bl1 (Payne et al., 1984b; Autran and Berrier, 1984):

w-gliadins, ¥-glladins and LMWG, and perhaps, to a lower extent, to those coded
by locus Glu-Bl <(Autran and Feillet, 1985). Two major alleles have been
discovered at locus Gli-Bl in the world collection: allele 42 (V-glladin 42
and LMWG n°1) and allele 45 (¥ -gliadin 45 and LMWG n°2) that correspond
respectively to poor and good cultivars with respect to gluten
viscoelasticity. In early works, the quallty difference between these two
genetic types has been attrlbuted to ¢ glladin components and a breeding
strategy based on Y-glladin type determination by A-PAGE has been develcped.
However, purlflcatlon (Autran and Felllet, 1985) and physico-chemical studies
of Y-glladins 42 and 45, In splte of some dlfference In surface hydrophoblclty
(Cottenet et al., 1984b), did not evidence any strong difference capable to
explaln so different gluten characteristics. This work has shown that the
ratio of ¥-glladin 42 to total proteins Is higher (3.9%) than the ratio of
Y-gliadin 45 (2.6%). Since ¥ -gliadins are monomeric protelns (although we
recognize that thelr behavliour in dough, gluten or pasta could be dlifferent
than in diluted ethanol! or In A-PAGE buffers) It Is difflcult to explaln how
they could play a slignificant role in imparting gluten viscoelasticity, this
property belng certainly based on the cccurence of large aggregates (Miflin et
al., 1983). Conversely, it has been demonstrated that the LMWG proteins, that
are major components within the GlI-Bi locus, present both qualitative and
quantitatlive differences and belong to an aggregative type. LMWG are therefore
much more likely to be functlonal markers of gluten viscoelasticlity In durum
wheats, the other Gl1-Bi-coded proteins being only genetic markers. It Is not
known Lf LMWG! and LMWG2 allellc types present any dlfference in thelr
functional properties but a such gap in their amount (14% of the total
proteins in a type "42" and 27% In a type "45") could explaln the dlifferences
in durum wheat gluten characteristics.

In bread wheats (Triticum aestivum), it has been shown (Payne and
Lawrence, 1983; Branlard et Le Blanc, 1985) that baking quallty is more
assoclated to Gly-i-coded proteins (HMWG subunits) than to Gll-1 ones. In
durum wheats, an opposlte slituation seems to prevall. In splite of some
relatlonshlp between HMWG subunits and gluten or pasta quallty (Huebner and
Bietz, 1986), LMWG would be primarlly involved In gluten viscoelasticlty in
durum wheat glutens. We can therefore hypotheslze that all aggregative protein
fractions could contribute to quallty, that HMWG would act In bulk with llttle
varletal specificity, and that LMWG would be the major functional markers of
genetic differences In durum wheat glutens. The fact that the world durum
wheat collection essentlally consists In two different allelic types at Gl1-B1
locus may explaln the occurence of two clear cut groups of cultlvars with
respect to gluten viscoelastlclty. In bread wheats, by contrast, the occurence
of many allelic types at Glu-Af, Glu-Bi and Glu-Di loci may explain the
continuous evolution In gluten quality without two distinct classes of
cultivars as In durum wheats.
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CONCLUSIONS

1) Taklng durum wheat proteins as model, thls work conflrms that Osborne-type
fractlonatlon, which 1s still used !n many studies, ls unsatisfactory, at
least when Investigating the physico-chemlcal bagis of quallity. The
ethanol-soluble fraction, considered by many authors as well-deflned glliadlns,
conslists In different types of proteins: some that mlgrate In A-PAGE gels and
that correspond to monomerlc molecules and those that can be studled In
SDS-PAGE gels upon reductlon only. The latter are far from belng negligible In
ethanollc extracts slnce minimum estimates of the only LMWG triplet are
between 18% and 33% according to the durum wheat type. It must be emphasized
that analysing A-PAGE bands gives Information only on a part of the extracted
proteins, the remainder givlng rlse to streaks and slot materlial. It 1s even
possible that some ethanol-soluble fractions that have been recently found
correlated to quallty (40) actually correspond to LMWG types.

We subscribe to a proteins classlflcation which will be based on
aggregation characteristics In A-PAGE buffera: true glladins (from 23% to 32%
of the total proteins In this work) correspond to monomerlc protelns separated
In discrete bands In A-PAGE, whlle glutenlns (from 33% to S0%) are separated
in SDS-PAGE gels only after a preliminary treatment by a reducing agent, even
1f some of them (partlicularly LMWG fractlions) have been partly extracted by
aqueous ethanol. To calculate the ratlo aggregated / monomeric compqnents in
gluten proteins can be recommended to predict gluten visccelastlclty, Instead
of the clasgsical glutenin / glladin ratlo.

2) The glutenln subfractions do not exhiblt the same solublllty
characteristics. LMWG might be less aggregated than HMWG since about one third
of total LMWG has been found In ethanol extracts (less than 15% for HMWG).
However, the differences, !f any, In functional propertles of these two
fractions and of thelr different allellc types among durum wheats are not
known but should be clarifled shortly, more especlally from sequences
determinations.

3) LMWG appear as a major fractlon among gluten protelns although they have
been certainly underestlmated In thls work slnce non eluted and residual
fractions (that are 1lkely to mainly consist 1n aggregated proteins) have not
been consldered. However, LMWG do not contribute to the same ratlo of total
protelns in the different durum wheat genetlc types. They can be estlmated to
27% In type "45" but to 14% only ln type *42"'. Because of thelr aggregative
behaviour and without consldering any dlfference In the functional propertles
between thelr allellc types, the only dlfference ln their conErlbut{on‘to the
proteln pool could explain the opposite characteristics of *42" and "45" durum
wheat types with respect to gluten strength and elastlicity.
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