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Abstract

Glutathione S-transferase (GST) activity pattern was determined in tolerant
(cv. Sumai#3) and susceptible (cv. Falat) wheat heads inoculated with Fusarium
graminearum, the causal agent of head scab disease (FHB), during various
developmental stages. GST specific activity exhibited a transient pattern in
Sumai#3 reaching a maximum level at the milk stage and declining thereafter.
GST level in Sumai#3 was three times greater than that in the susceptible cultivar.
Thin layer chromatography and densitometry were used to measure zearalenone
(ZEN) content in FHB-inoculated wheat heads. Zearalenone concentration
reached a maximum level in Sumai#3 at the milk stage and thereafter it declined.
ZEN content in the susceptible wheat heads continued to increase and reached a
maximum level at the ripening stage. There seems to be a correlation between the
increased GST activity and significantly lower ZEN production in the tolerant
wheat heads.
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Introduction
Fusarium head blight (FHB) is one of the most
devastating diseases of wheat in tropical and subtropical

Keywords: Fusarium graminearum; Fusarium head scab;
Disease resistance; Glutathione-S-transferase

regions of the world. FHB had been occurring
sporadically in different regions of Iran [1]. However,
due to favorable environmental conditions and the
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cultivation of wheat varieties in Northern Iran, the
disease has become highly endemic and has caused
severe yield losses in wheat growing areas [16].

F. graminearum produces a wide spectrum of
mycotoxins depending on the environmental conditions
and the host plant. These include zearalenone,
zearalenol and some derivatives of trichothecene such as
nivalenol and deoxynivalenol (DON) [26,27].
Trichothecenes have caused mycotoxicosis in animals

Abbreviations: BSA, bovine serum albumin; CDNB, 1-chloro-2,4-dinitrobenzene; FHB, fusarium head blight; GST, glutathione S-

transferase; GSH, reduced glutathione; ZEN, zearalenone
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and Alimentary Toxin Aleukia (ATA) in humans in
Russia and Akakabi in Japan [31]. High DON
concentrations have been detected in wheat heads
severely infected with FHB in wheat growing regions of
Canada [35] and USA [13]. A recent report from Iran
shows high contents of both zearalenone and DON in
FHB-infected wheat heads [36].

The disease resistance mechanism against FHB in
wheat is complex and depends on a number of varietal
factors such as flowering habit, plant tallness and
defense reactions that are themselves influenced by
environmental conditions [8,28]. A few studies have
indicated that wheat plants possess a biochemical
system of detoxifying fungal toxins [25,26]. Wang and
Miller [48] have reported a high degree of tolerance in
wheat against DON without any disruption in plant
growth. This type of resistance has been attributed to a
relatively lower rate of membrane binding with DON in
corn protoplasts [7].

In higher plants, one of the detoxifying enzymes is
glutathione S-transferase (GST). GSTs are multi-
functional dimeric proteins that catalyze conjugation of
glutathione with a wide array of hydrophobic
compounds with electrophilic centers. Conjugation of
glutathione results in detoxification of potential
cytotoxic and genotoxic compounds [22]. GSTs possess
two important active sites that may function
independent of each other. The glutathione conjugation
site seems to be more specific than site reacting with a
large number of toxic substances [6]. Studies have
indicated that glutamyl functional group is involved in
the conjugation of glutathione in this site [5]. Since
GSTs are widespread in bacteria, fungi, animals and
plants, their crucial role becomes more evident. GSTs
are known to be as homo- or heterodimers comprised of
seven isozymes that are specifically induced by
xenobiotic compounds [22]. GST subclasses have been
shown to be induced during pathogenic attack, oxidative
stress, heavy metal toxicity and following treatments
with auxin, plant secondary metabolites and herbicides
[9,12,15,16,20,22]. Herbicide detoxification catalyzed
by GST is achieved through conjugation with
glutathione. In bean suspension cells, GST activity was
induced after treatment with mycelial walls of
Colletotrichum lindemuthianum [11]. GstAl gene was
induced at the transcriptional level in wheat leaves
inoculated with Erysiphe graminis f.sp. hordei [23].

The main objectives in this study were to investigate
GST specific activity in susceptible and tolerant wheat
heads inoculated with F. graminearum and whether it is
related to zearalenone content and disease resistance
mechanism.
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Materials and Methods

Pathogenicity Test

Five isolates of F. graminearum were obtained from
the Cereal Pathology Lab. at the Plant Pest and Disease
Research Institute, AREEO, Tehran, Iran. Fungal
isolates that had been collected from wheat fields in
Golestan province were purified and subsequently
identified. Each isolate was separately cultured on
wheat straws for spore production. Wheat heads at
anthesis were sprayed with conidial suspension at 1x10°
spores/ml twice, 24 h apart. To maintain humidity,
inoculated plants were covered with moist plastic bags.
Three days after inoculation, symptoms appeared as
white scabs on heads.

Toxin Production Test

Ten flasks each containing 100 g of moist corn
kernels in 45 ml sterile distilled water were autoclaved
for two consecutive nights and then inoculated with
1x10° spores/ml from each isolate in two replicates.
Flasks were incubated at 27°C for 4 weeks. Colonized
corn seeds were dried at 40°C for 24 h and then
powdered in a blender [3].

Inoculum Preparation

Five pathogenic and toxigenic isolates of F.
graminearum were used in the inoculum preparation
based on the method of Wegener [34]. Ten grams of
shredded wheat straw was placed in a 500 ml flask
containing 250 ml distilled water and then autoclaved
for two consecutive nights. Five mycelial disks
representing an individual fungal isolate were added to
each flask and incubated on an orbital shaker at 25°C
for spore production. After five days of incubation, the
fungal culture was filtered through a cheesecloth and
using hemocytometer, conidial density was adjusted at
4000 spores/ml.

Plant Growth Conditions and Inoculation

Seeds from Falat and Sumai#3 cultivars were
surface-sterilized with 2% (v/v) sodium hypochlorite for
3-5 min, washed in sterile distilled water several times,
for five minutes each, and placed on a moist sterile filter
paper for germination to occur. After 4-5 days of
incubation at 16°C, the germinated seeds without
contamination were transplanted in plastic pots (four
seedlings/pot) containing pasteurized soil. Pots were
kept at 18°C under controlled greenhouse conditions of
16 h light:8 h dark [24]. Wheat heads were inoculated
with F. graminearum conidial suspension at anthesis
according to Wang and Miller [32]. Five microliters of
spore suspension (1x10° spores) was injected into the
middle inflorescence using a sterile micropipette. This
was carried out twice, 24 h apart. Control plants were
injected with sterile distilled water. Sampling was done
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at flowering, milk, dough and ripening stages. F.
graminearum was reisolated and purified from the
diseased heads. Samples were kept in freezer bags and
stored at -20°C until use.

Tissue Extraction

One gram of head tissue was homogenized in an ice-
cold mortar containing 2 ml of 50 mM sodium
phosphate (pH 7.0). The homogenate was centrifuged
first at 6,500xg and then at 13,000xg, 5 min each, and
the supernatant was used for protein and enzyme assays.

Protein Determination

Total soluble protein was measured according to
Bradford [4]. Bovine serum albumin (BSA) fraction IV
was used as a standard.

GST Assay

Glutathione-S-transferase activity was measured
following the method of Habig [18]. One ml of reaction
mixture contained 50 pl of 100 mM sodium phosphate
buffer (pH 6.5), 400 pl dd water and 1.0 mM reduced
glutathione (GSH). The reaction was initiated by adding
1.0 mM 1-chloro-2,4-dinitrobenzene (CDNB), as the
substrate, dissolved in ethanol. The change in
absorbance at 340 nm was measured for 4 min using a
double beam Shimadzu UV-3100 spectrophotometer.
The blank cuvette contained all the compounds except
CDNB. Both GSH and CDNB were freshly prepared
each time. The enzyme kinetic was measured from the
slope of the straight line during the first minute. One
unit of enzyme activity is defined as one nmol CDNB
conjugated/min/mg protein.

Extraction of Fusariotoxins

Wheat heads inoculated with F. graminearum were
extracted for fusariotoxins according to Bottalico et al.
[2]. Fifteen grams of shredded wheat head tissue was
homogenized in 100 ml methanol:water (45:55, v/v)
mixture containing 1% (w/v) NaCl in a blender at 1200
rpm. The homogenate was filtered out through a
Whatman No. 1 paper and the filtrate was extracted out
twice with 50 ml n-hexane for removing lipid materials
and three times with 30 ml methylene chloride for
purifying toxins. The final extract was first concentrated
to a final volume of 10 ml with a rotary evaporator
under vacuum and then dried out under nitrogen gas.

Thin Layer Chromatography

Fusariotoxins extracted and purified from wheat
heads were identified by comparing the R; values of
unknown samples with those of standard toxins using
TLC with developing solvents of benzene:acetone

Mohammadi et al.

177

Vol. 11, No. 3, Summer 2000

(7:12) and toluene:ethyl acetate:formic acid (1:3:6) and
a mixture of sulfuric acid-methanol (2% v/v) as a
chemical reagent. The TLC plates were then scanned by
a densitometer and a standard curve was prepared. The
standard fusariotoxins were purchased from Sigma
Chemical Co., St. Louis, MO, USA.

Results

GST specific activity in heads of tolerant wheat (cv.
Sumai#3) followed a transient pattern after the
inoculation with F. graminearum conidia, reached a
maximum rate at the milk stage and declined thereafter
(Fig. 1). GST activity level in heads of susceptible
wheat (cv. Falat) did not increase significantly during
the head development as compared to the control plant.
GST relative activity (%control) in heads of tolerant
Sumai#3 cultivar was 1.5 times greater than that in
heads of susceptible Falat cultivar during the milk stage
(Fig. 2).

TLC analysis showed the presence of fusariotoxins
including zearalenone in the inoculated heads of
susceptible as well as tolerant wheat cultivars at various
growth stages. Zearalenone co-migrated with the
standard sample and exhibit a R; value of 0.49 (Fig. 3).
Toxigenic study revealed that all five F. graminearum
isolates produced significant amounts of zearalenone.
Three isolates, J4, ES and E4 produced deoxynivalenol
as well. Isolates F130 and F13 produced trace amounts
of deoxynivalenol. It appears that the isolate ES was
capable of producing 3-acetyldeoxynivalenol (data not
shown).

Zearalenone level increased in both susceptible and
tolerant wheat heads following the inoculation with F.
graminearum conidial suspension (Table 1). In tolerant
Sumai#3, ZEN accumulation followed a transient
pattern, reaching a maximum level at the milk stage and
declining thereafter. In Falat cultivar, however, ZEN
continued to increase through the ripening stage,
reaching a level more that eleven times greater than that
in the tolerant cultivar.

Discussion

The plant biochemical disease resistance mechanism
constitutes the production of a wide array of chemicals
as pathogenesis-related proteins, phytoalexins, detoxi-
fying enzymes and oxygen-free radicals following
microbial attack [21]. As a de-toxifying enzyme,
glutathione-S-transferase activity has been studied in a
number of plant-pathogen interactions [11,22,23].

In this study, we observed a significant increase in
GST specific activity in tolerant wheat heads as
compared to that in the susceptible cultivar during the
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Figure 1. GST specific activity in heads of tolerant (cv. Sumai#3) and susceptible (cv. Falat)
wheat cultivars at different growth stages following the inoculation with F. graminearum
conidia (I) or sterile distilled water (C). The experiment was repeated three times and the
results represent the mean of three replicates from one experiment +/-SD. Means were
compared using Duncan’s multiple range test. Asterisk signifies the difference in mean 6=1%.
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Figure 2. GST relative activity (%control) in heads of tolerant (cv. Sumai#3) and susceptible

(cv. Falat) wheat cultivars.

milk stage (Fig. 1). Further, GST relative activity
followed a transient pattern similar to that of ZEN,
suggesting that GST activity induction might be in
response to ZEN accumulation in the tolerant wheat
heads. In susceptible heads, ZEN continued to
accumulate, whereas GST relative activity declined
during both dough and ripening stages (Table 1).
Increased GST level has been shown in bean suspension
cells 8 h after the inoculation with mycelial walls of
Colletotrichum lindemuthianum [11]. Mauch and
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Dudler [23] have also reported activation of GST
specific transcripts in wheat leaves inoculated with
Erysiphe graminis f.sp. tritici or E. graminis f.sp.
hordei. However, this increase was similar in both
compatible and incompatible combinations. On the
other hand, Gullner et al. [17] found induced GST
activity in tobacco leaves following inoculation with
tobacco necrosis virus or treatment with salicylic acid.
GST is known to catalyze conjugation of reduced
glutathione tripeptide with toxigenic compounds thus
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Figure 3. TLC analysis showing fusariotoxins including zearalenone (ZEA) in the
extracts of wheat heads tolerant (Sumai#3) or susceptible (Falat) to F. graminearum at
various growth stages. S, Sumai#3; F, Falat; f, flowering; m, milk; d, dough and r,

ripening.

Table 1. Zearalenone concentration (ug/g tissue fresh wt.) in
wheat heads at different growth stages after inoculation with
F. graminearum

Growth stage Treatment

Sumai#3 Falat xHigher
Flowering 0.049 0.067 1.37
Milk 0.63 0.78 1.24
Dough 0.45 0.81 1.80
Ripening 0.10 1.16 11.6
converting them to detoxified polar glutathione

conjugants. It is possible that ZEN biosynthesis may
signal the induction of GST gene expression in tolerant
wheat heads thereby suppressing its own accumulation
during the dough and ripening stages. GST has been
shown to detoxify the herbicide atrazine in resistant
plants [9,20,30]. Since both ZEN accumulation and
GST relative activity followed a similar transient
pattern, it is possible that GST may play a detoxifying
role in tolerant wheat heads. This, however, requires to
be seen through further experimentation.

It is worth mentioning that deoxynivalenone (DON)
produced by F. graminearum is a phytotoxin which
possess more phytotoxicity than ZEN [29]. We were
unable to detect DON in infected wheat heads using
TLC. Further, it is possible that a GST-like
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detoxification system may exist in wheat heads that is
capable of degrading or catalyzing glutathione
conjugation with DON more efficient that with ZEN
[25,26,33]. However, the precise role of GSTs in plant
defense mechanism vis & vis pathogens remains obscure,
although it has been shown to act both as an antioxidant
and detoxifying enzyme [17].
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