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Gluten proteins of 12 wheat flour samples of varying quality were
differentiated in electrophoretic patterns. The quality aspect was not
taken into account. After moderate proteolysis with bromelain different
proteolytic rates were observed in separate samples and in separate
protein fractions. This may be accounted for by different build-up of
molecules and it indicates that glutenin structure in samples of varying
quality is not uniform.

The important factor influencing the quality of flour is the structure
of the gluten-complex components, particularly that of gluten proteins
[15, 16, 22], which should be determined geneticaly [13, 14, 17]. In experi-
ments concerning the relationships between some structural properties
of gluten components and flour quality it was established that the changes
of some chemical and biochemical factors influence baking quality. For
example, addition of proteolytic enzymes caused the decrease of dough
stability [5, 10] and changes in its ghealogical properties [18, 19]. The same
effect can be induced by native proteinases [1, 24]. As has been shown
by Kaminski and Bushuk [6], those enzymes are tightly bound to wheat
proteins soluble in water, alcohol and diluted acids. Hwang and Bushuk
showed [4] the presence of those enzymes also in glutenin high molecular
fraction insoluble in acetic acid. According to Pomeranz [18] and Kruger
[10], the samples of different quality, as related to baking, farinographic
and alveographic tests showed various changes under the influence of
separate proteolytic enzymes.

In the following paper results concerning the degradation dynamics of
gliadin and glutenin proteins extracted from 12 flour samples of dif-
ferentiated quality under the influence of bromelain, are presented.
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MATERIAL AND METHODS

The investigations were carried out using 12 wheat flour samples, dif-
ferentiated in their baking quality. The qualification based on farino-
graphic and sedimentation tests are as follows: Saratovskaja 29, Bezen-
chugskaja 98 and Kaukaz of very good quality,

Bezostaja 1, Manitoba and Extrem of good quality
Mironovskaja 808, Perdix, Caribo of medium quality,
Varigo, Polish mixed and Tetrix of low quality.

The samples of 70% milling milled in laboratory mill Quadrumat
Junior were extracted according to [2] and the fraction soluble in acetic
acid containing gliadin and soluble glutenin was used. In order to inacti-
vate the native proteinases the extract was heated during 6 minutes in
boiling water bath. The gluten proteins were digested using bromelain
Merck of specific activity 2 m Anson/mg. The digestion was carried out
during 3, 5, 10, 15 and 20 minutes at temp. 37°C using 4 ug of bromelain
per 1 mg of gluten protein, as determined after Lowry et al. [12]. The
reaction was stopped by means of very fast cooling down the sample to
0°C and the addition of sucrose in 8M urea to the final concentration 40%s.

The proteolysis products were separated electrophoretically using 7,5%0
polyacrylamide gel according to Davis [3], at the pH 4,5 and using 8M
urea in 0,05M acetic acid. as the electrode solvent. The gels were stained
using Coomasie Brillant Blue [23].

" RESULTS

The protein extracts of flour samples investigated in our laboratory
subjected to the electrophoresis gave differentiated patterns presented in
Fig. 1.

Comparing the presented electrophoretic patterns one can observe the
significant differentiation in the band composition. The glutenin fraction
of all samples does not migrate into the gel, because of high molecular
weight. It is however of interest, that the contents of this fraction are
different in separate samples. In the region of gliadin fractions the fol-
lowing differences can be observed: .

1 — In most samples two bands of y-gliadin are observed, but in case
of Kaukaz only one band of higher mobility could be shown. On the other
hand Varigo, Manitoba and Bezenchugskaja exhibited here three bands
of various intensity.

2 — The most mobile a-gliadins present very differentiated patterns,
some samples of better quality showing three bands, the central one being
most intensive. Samples of lower quality exhibited 4 -6 bands of low
intensity. The observed differences in the migration into the gel and in
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the amount of «-gliadin bands are bound with structural properties of
gluten components, which are undoubtedly genetically determined, but
are not very strictly depending on flour quality.
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Fig. 1. The electrophoretic patterns of gluten proteins extracted from following flour

samples; 1-—Bezostaja, 2— Manitoba, 3 — Varigo, 4 — Polish mixed, 5 — Kaukaz,

6 —Extrem, 7 —Tetrix, 8 —Perdix, 9 — Caribo, 10— Mironovskaja, 11-— Bezen-
chungskaja, 12 — Saratovskaja

The proteins of differentiated structural properties should exhibit
different behaviour in presence of proteolytic enzymes. Therefore the
action of bromelain on gluten proteins was investigated electrophoreti-
cally. The patterns of gluten proteins digested during 10 minutes, using
bromelain, are shown in Fig. 2.
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Fig. 2. Electrophoresis of gluten proteins digested during 10 min. using 4 pg bro-
melain/1 mg protein; 1 — Bezostaja, 2 — Varigo, 3 — Manitoba, others as in* photo. 1
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Different digestion degree in the region of gliadin and glutenin can be
seen in the presented patterns. The digestion of the last one is observed
as the non-uniform disappearing of the protein at start, the slowest being
in case of Varigo, Extrem and Bezenchugskaja and the highest digestion
rate in case of Bezostaja and Saratowskaja. The differentiated patterns
could also be observed in the region of slowly moving gliadins, in which
the band intensities and amounts increased paralell to the decrease of
glutenin at start. It is quite probable, therefore that those proteins
originate from digested glutenin. This protein is hardly separated into
selected bands and the only difference contributes its intensity, wkich
is closely bound with the amount of protein initially remaining at the
start (e.g. Bezenchugskaja and Extrem of good quality and to the lesser
extend in case of Varigo, the quality of which is low, but the protein
content rather high). .

Also in gliadin patterns high differentiations can be observed. The
increase of the band number, as compared to the electrophoresis of initial
proteins can be explained as the result of glutenin proteolysis to lowmole-
cular fractions. On the other hand, the decrease, or even disappearance
of some gliadin fractions, also could be observed. It seems to be of interest
that the faster moving band of y-gliadin disappears with a different rate,
which is the highest in case of Bezostaja and Saratovskaja and the lowest
in case of Bezenchugskaja and Extrem.

In the region of § and a-gliadin the increase of band number as com-
pared to the patterns of initial proteins, as well as the disappearing of
some other bands indicative of advanced digestion could be observed.
Formation of bands showing mobility higher than that of a-gliadin is also
of interest. They are undoubtedly the small protein molecules, which were
formed during the glutenin digestion. In case of Extrem, Tetrix and
Perdix no such bands could be observed, though in other cases their
amounts were different.

As the differences in the rate of glutenin and gliadin digestibility
under the influence of bromelain could be observed, experiments were
carried out, in which this process concerning particular fractions could
be estimated. The patterns of 12 samples after 3, 5, 10, 15 and 20 minute
digestion are presented in Fig. 3.

As can be seen, the accessibility of particular proteins to bromelain is
different. In the region of glutenin and other proteins of low mobility
their gradual degradation and migration into the gel are observed. In case
of samples of low quality (Polish, Tetrix) already after 10 minutes all
glutenins were migrated into the gel, whereas in some other cases (Extrem,
Manitoba, Bezostaja, Saratovskaja) even after 20 minutes digestion some
protein was still present at the start. It is to suggest, therefore, that some
glutenin fractions show more compact structure, which is less accessible
for the enzyme. Of interest should be the behaviour of low mobile frac-



Fig. 3. Electrophoresis of gluten proteins from 12 flour samples; a — initial gluten,

b~—3 min. digestion, ¢—5 min., d —10 min.,, e —15 min., f— 20 min.; 1— Polish

mixed, 2— Caribo, 3-— Mironovskaja, 4 — Tetrix, 5 — Perdix, 6 — Manitoba, 7 — Be-

zostaja, 8 —Varigo, 9 — Bezenchungskaja, 10— Saratovskaja, 11 — Extrem, 12—
Kaukaz
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tions — possibly w-gliadins [25], which in case of low quality samples and
very strong ones, already after 3 minute digestion d1sappeared whereas
in other cases they were more resistant. ’

Also in the region of vy-gliadins in case of low quahty samples both
bands were digested rather quickly, whereas in the case of samples of
better quality, only one of them disappeared (that of higher mobility).
In the same region the formation and gradual intensification of new bands,
originating from the degradation of higher molecular weigth proteins,
can be observed. Also other bands of gliadins in the case of low quality
samples were degrading faster than those of good quahty samples, which
even after 20 minutes remained undigested.

Bands of higher mobility were formed already after 3 minute digestion
and their intensity increased in time. Also in this case the patterns and
intensities are differentiated, being similar to samples of corresponding
quality. As the low molecular weight proteins were formed as the result
of glutenin and gliadin degradation, their patterns and intensities should
be dependent on the digestion rate of those proteins. Therefore the detailed
analysis of high mobility fractions seems to be of interest not only as
concerns the mechanism of digestion, but also concerning the possibility
of demonstrating any relationship between the the quality and electro-
phoretic patterns of those proteins. :

DISCUSSION

The electrophoretic patterns of gluten proteins isolated from 12 in-
vestigated samples of differentiated baking quality in presence of some
factors enabling their migration into the gel, were found to be differen-
tiated, however, without .any relation to flour quality. Orth [14], who
investigated 26 samples, as well as other authors [18, 20] obtained similar
results. Some characteristic bands in samples of better quality were
observed only in the region of a-gliadin.

We tried, therefore to find such relations in case of proteins modified
by some factors such as reducing agents or proteolytic enzymes. In case
of the former ones no differentiations depending on quality could be
observed in experiments, the results of which are not demonstrated here.
The digestion of proteins using bromelain showed however, the different
proteolysis rate concerning particular fractions, the highest rate being
for glutenins and the smallest one for proteins of higher mobility. In case
of homologeous fractions of separate flour samples the digestion rate was
also not uniform, the highest being for low quality samples and the lowest
good quality samples. Similar observations were obtained also in our
laboratory during the experiments on the influence of proteinases on
glutens and their fractions isolated from flours of different quality [11].
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The proteolysis of glutenin is bound with the formation of gliadin-like
fractions and lowmolecular ones of high mobility. The formation of high
mobile fractions could be observed already after 3 minutes, that means
in the time, when no significant changes in gliadin fractions occured. This
indicates that those fractions arose directly from the digested glutenin.
The patterns of fractions of high mobility were rather differentiated,
which indicates that also glutenins, from which they originated, should
be of differentiated structure. It is of interest that the gluten digestion
by native proteolytic enzymes caused the formation of gliadin-like pro-
teins only [7], which is consistent with the analysis of Hwang and
Bushuk [4] carried out on germinating grains. The lack of protein fractions
of high mobility in those two cases is possibly due to another specificity
of native proteinases, compared to that of bromelain. It is possible, that
native proteinases cause deeper dydrolysis to small peptides and amino
acids, which are not detectable in the electrophoresis.

Two kinds of changes are observed during the digestion in the region
of gliadin fractions: the first one concerns the formation of new bands
originating from spliting of glutenin molecules, which can be observed
already after 3 minutes of digestion and their intensities increase in time;
the second process concerns the degradation of gliadin fractions them-
selves, which is observed as the disappearing of separate bands, as the
digestion proceedes. The most significant differences in the digestion rate
concern the y-gliadin fractions, the highest being in samples of low quality
and vice versa. Those results, which are similar to ones obtained by
Tanaka [21] and Konarev [9] indicate that the stability of gliadin fractions
of higher molecular weight is related to the baking quality of flour.

The investigations described in this paper show, that though gluten
proteins are not very specific substrates for bromelain, the digestion of
flour using this enzyme complex can give some additional ideas concerning

the differences in structure of those proteins isolated from flours of
various quality.

CONCLUSIONS

1. The electrophoretic patterns of glutenin and gliadin of 12 wheat
flour samples of various quality, were differentiated but no strict rela-
tionship between those features is to be observed, except some a-gliadin
bands characteristic for samples of better quality. '

2. Bromelain digests highmolecular glutenin very fast to form gliadin-
like and lowmolecular proteins of high mobility and their pattern seems
to be related to flour quality.

3. During the digestion of gliadin of low quality samples the degrada-
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tion rate of both y-gliadin fractions is much higher than that of better
quality samples, concerning, in the latter case, one band of it, preferably.
4. The differences observed in digestion products of high molecular
proteins in case of samples of various quality indicate that also the struc-
ture of glutenins is not uniform in them.
This work has been carried out under the partial financial support of
the US Department of Agriculture (FG-Po-301).
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ELEKTROFORETYCZNE BADANIA PRODUKTOW PROTEOLIZY GLUTENU
PSZENNEGO

Instytut Biologii Ro$lin, SGGW-AR, Warszawa

Streszczenie

Przeprowadzono rozdzialy elektroforetyczne w zelu poliakrylamidowym biatek
glutenu 12 préb maki pszennej, zr6znicowanych pod wzgledem jako§ciowym. W uzys-
kanych obrazach stwierdzono réznice, ale nie udalo sie wykazaé regularnych ich
zalezno$ci od jako$ci prob. Natomiast biatka po lagodnej proteolizie bromelaing wy-
kazaly znaczne zréznicowanie szybko$ci trawienia, zaréwno pomiedzy poszczegélnymi
frakcjami bialek jednej proby, jak i pomiedzy niektérymi homologicznymi frakcjami
biatek réznych proéb. Niektore z tych wlasciwosci byly zwigzane z jako§cia. Najszyb-
ciej byly trawione biatka gluteniny, w wyniku czego powstawaty niskoczasteczkowe
biatka gliadyno-podobne o niejednakowym ukladzie prazkéw. Szybko§é degradacji
y-gliadyny byla odwrotnie proporcjonalna do jako$ci prob. Réznice w szybkosci
trawienia wysokoczasteczkowych biatek i w ukladzie jego produktow $§wiadczg, ze
biatka wyj§ciowe posiadajg zréznicowang strukture i dostepnoéé wigzan peptydowych
dla bromelainy.



