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Abstract Hydrolysis of gluten proteins of six
bread wheat (Triticum aestivum L.) cultivars dam-
aged by Eurygaster maura was investigated by acid
polyacrylamide gel electrophoresis (A-PAGE) and
sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE). Electrophoresis results
showed that bug proteolytic enzymes clearly affected
gliadin and glutenin proteins of damaged wheats.
Some new bands of low and high mobility appeared
in the A-PAGE electrophoregrams. These new bands
and the bands in the original gliadin and glutenin
patterns disappeared with increasing incubation
times. Especially high molecular weight (HMW)
glutenin subunits were most strongly affected by the
bug protease, and disappeared at 120 min of incu-
bation (except 'Ankara'). However, some of the low
molecular weight (LMW) glutenin subunits were not
affected as much as HMW glutenin subunits and
were still visible even after the longest incubation
time investigated. Electrophoretic patterns of some
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cultivars with the same level of proteolytic activity
were affected differently, indicating an intercultivar
variation in susceptibility to hydrolysis by bug pro-
teolytic enzymes.
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INTRODUCTION

Damage to wheat {Triticum aestivum L.) or bug dam-
age caused by insects of certain species of the fam-
ily Pentadomidae and Lygaidae has been reported
since the 1930s in many countries. The insects, gen-
erally called "wheat bugs", responsible for bug dam-
age are usually associated with species of the genera
Eurygaster and Aelia in Europe, Middle East, and
North Africa (Paulian & Popov 1980). In New Zea-
land the insect causing bug damage has been iden-
tified as Nysius huttoni (Cressey et al. 1987). These
insects attack developing wheat kernels and inject
their salivary secretions into the grain to solubilise
the nutrients. The salivary secretions contain potent
proteolytic enzymes which persist in the kernel af-
ter harvest, and in the flour after milling. The pro-
teolytic enzymes break down the gluten structure
during the dough stage of the breadmaking process.
The doughs prepared from bug-damaged wheat flour
are sticky and produce loaves of poor volume and
crumb texture (Kretovich 1944).

The effects of wheat bug proteolytic enzymes on
gluten proteins were investigated in various studies.
Kozmina & Tvorogova (1973) reported that the rela-
tive intensities of some bands in electrophoretic
patterns of total unreduced gluten and gliadin de-
creased as a result of the proteolytic action, and that
two new bands appeared at the low mobility region
in gliadin patterns of wheat damaged by Eurygaster
integriceps. Yakovenko et al. (1973) reported that
the gliadins are more resistant to bug enzymes than
glutenins. In New Zealand, Cressey & McStay
(1987) reported similar resistance of gliadins to
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Nysius proteases which appeared to have a high
specificity for degradation of the high molecular
weight (HMW) glutenin subunits. A recent study of
wheat damaged by E. maura gave similar results
(Sivri & Koksel 1996). In this preliminary study, the
samples had a lower level of insect damage and the
glutenins in the low molecular weight (LMW)
glutenins region were not separated clearly. There-
fore, the present study was designed to determine the
effects of E. maura enzymes on gliadins and HMW
and LMW glutenins using samples with a higher
level of insect damage, with defined enzyme activ-
ity and also with improved electrophoretic resolu-
tion in the LMW region.

MATERIALS AND METHODS

Materials
Bread wheat (Triticum aestivum) cultivars used in
this study were grown in the 1993-94 season at the
experimental plots of Field Crops Improvement
Center (Lodumlu, Ankara,Turkey). Three cultivars
('Bezostaya', 'Lancer', and 'Gun') were hard red
winter wheats, two cultivars ('Ankara' and
'Kirkpinar') were medium-hard white winter wheats,
and one cultivar ('Kirac') was a soft white winter
wheat. Nylon gauze cages (dimensions of 1 x 1 x
1 m) were set up on each plot to prevent uncontrolled
insect damage. Then the six cages were colonised
with Eurygaster maura (500 individuals/m3) at the
late milk-ripe stage. Wheat kernels exhibiting the
characteristic puncture marks were selected by hand
picking and were blended with undamaged wheat
kernels (2:1) of the same cultivar. It is quite easy to
distinguish bug-damaged kernels with a little prac-
tice. A light-coloured opaque patch surrounds the
area of the kernel where the insect pierced the grain.
The point of penetration is visible as a small dark
spot in the middle of the patch. The damaged area
is softer than the rest of the kernel and usually col-
lapses when pressed with nail. The blended wheat
samples were milled to produce wholemeal and
sifted through a 100-mesh sieve. Forty mg of whole-
meal samples were incubated with 200 (J.1 distilled
water for 15, 30, 60, 120, and 240 min at 37°C in a
water bath. After incubation, samples were freeze
dried. The flour of Canadian wheat cultivar
('Katepwa', a hard red spring wheat) was used as a
standard for electrophoresis and it was also used for
determination of proteolytic activity as a substrate.
'Katepwa' was milled on a Buhler experimental mill
into straight grade flour. The protein content of
'Katepwa' was 13.2% (N x 5.7, 14% mb).

Acid polyacrylamide gel electrophoresis
(A-PAGE)
Alcohol-soluble gliadins were extracted with 70%
ethanol and analysed by A-PAGE (pH 3.1) at con-
stant current (50 mA) for 4 h, as previously described
by Bushuk & Zillman (1978) and Sapirstein &
Bushuk(1985).

Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE)
SDS-PAGE was performed according to the method
of Ng & Bushuk (1987) as modified by Fu &
Sapirstein (1996). SDS-PAGE was performed in a
cooled vertical slab gel unit (Hoefer Scientific In-
struments, San Fernondo, CA, United States). Glu-
tenin extracts for SDS-PAGE were prepared
according to the 50% 1-propanol insoluble glutenin
procedure (Fu & Sapirstein 1996). The incubated
freeze-dried wholemeal samples (40 mg) were ex-
tracted twice with 1 ml of 50 % (v/v) 1-propanol for
30 min at 23°C with brief vortexing every 10 min
and centrifuged for 3 min (2200g) in a table top
microcentrifuge (Biofuge A Heraeus-Christ). The
residue was washed once with 0.5 ml 50% (v/v) 1-
propanol for 1 min followed by centrifugation for 5
min (2200g). The final 50% 1-propanol insoluble
(50 PI) residue was used in SDS-PAGE as described
by Fu & Sapirstein (1996).

Protease activity
Protease activity was determined according to the
method by Sapirstein & Johnson (1996) with some
modifications. Although the method was developed
for measuring the concentration ((ig/ml) of poly-
meric glutenin, it was used in the present study for
the determination of proteolytic activity. The amount
of polymeric glutenin was expected to decrease be-
cause of proteolytic activity. The percent decrease
in 50 PI glutenin content caused by the enzyme ac-
tivity was taken as a measure for proteolytic activ-
ity (A%). 'Katepwa' flour (50 mg) was used as the
substrate and 5 mg of damaged wholemeal from each
sample was added as enzyme source. Control tubes
contained 50 mg 'Katepwa' flour and 5 mg of sound
wholemeal for each cultivar. Distilled water (200 p,l)
was added into each tube. The tubes were capped,
vortexed to suspend flour particles, and incubated in
a water bath at 37°C with intermittent vortexing
every 30 min. After 2 h of incubation, the tubes were
centrifuged for 5 min at 15 OOOg. The precipitate was
extracted twice with 0.5 ml of 50% (v/v) 1-propa-
nol, centrifuged for 3 min (2200g) and supernatants
discarded. The remaining solvent was removed by


