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USE OF PROTEIN ELECTROPHORESIS TO QUANTIFY
COTTON SEEDBORNE FUNGI

Aly, A.A.; M.T.M. Mansour; H.M. El-Zefzaf and S.M.E. Zayed
Plant Pathol. Res. Instit., Agric. Res. Center, Giza, Egypt.

ABSTRACT

A total of 14 seedbomne fungi were identified among the cotton (Gossypium
barbadense L.) cultivars Giza 80, Giza 83, Giza 85, Giza 86, Giza 88, and Giza 89. No
single cultivar yielded all the 14 fungi. Giza 88 and Giza 89 yielded the highest number
of fungi (12 fungi), while Giza 86 yielded the lowest number (8 fungi). The other cultivars
yielded a number of fungi ranged from 9 to 11. Penicillium spp., Alternaria alternata,
Aspergillus flavus, Aspergillus niger, Cephalosporium sp., and Fusarium moniliforme
were isolated from all the tested cultivars. Cluster analysis of the cultivars, based on
their fungal profiles, showed that Giza 80 had a unique fungal profile different from the
profiles of the other cultivars. On the other hand, Giza 86 and Giza 89 showed a very
high similarity level in their fungal profiles. Proteins of the cultivars were separated by
SDS-PAGE, and the obtained banding patterns were visualized by using Coomassie-
Blue staining system. Data for frequencies of the isolated fungi (dependent variables)
and amounts of protein fractions (independent variables or predictors) were entered into
a computerized stepwise multiple regression analysis. Using the predictors supplied by
stepwise regression, 12 regression models were constructed to predict frequencies of
the isolated fungi. Coefficient of determination (R?) values of the models ranged from
62.72 to 100%. These results suggest that SDS-PAGE of proteins may provide a
supplementary assay to microscopic examination to quantify fungal profiles of cotton
seeds.

INTRODUCTION

The economic value of cottonseed is greatly influenced by the
presence of fungi in the seed. Fungi or associated metabolites may reduce
the vigor of planting seed (Halloin and Bourland, 1981; Davis, 1982), increase
the amount of free fatty acid in the seed thereby reducing the quality of the oil
(Rancadori et al, 1971), or produce mycotoxins that render the seed
unsuitable for consumption (Diener et al, 1976). An understanding of the
distribution and frequency of the mycoflora could lead to practical measures
for control of the fungi, which devalue cotton seed (Klich, 1986).

Traditionally, mycologists and seed pathologists have assessed the
fungal profiles of a seed lot by incubating a specific number of seeds on agar
media or moist paper, then examining them for the presence of fungi (Wicklow,
1988).

|dentification of fungi based on morphology is a difficult and tedious
process. This is further complicated in that the morphology of spores is
influenced to a great extent by cultural and environmental factors. In certain
instances, some isolates form “mycelial type”, without production of conidia.
Also, classification based on morphology could be influenced by a personal
bias (Synder and Toussoun, 1965).
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Therefore, other reliable nonmorphological methods, either alternative
or complementary to those based on morphology are required for
quantification of fungi isolated from cottonseed.

Some published reports suggest that seed storage proteins or
pathogenesis-related proteins may be important factors influencing
susceptibility of seeds to fungi. For example, basic and acidic pathogenesis-
related proteins accumulated in embryos of the maize cv. WB4A in response
to infection with Fusarium moniliforme. These proteins may play an important
role in defense responses against fungal infection during seed germination
(Raventos ef al., 1994).

Dormant cotton seeds contain proteins capable of inhibiting the activity
of the proteolytic enzymes of the pathogen Verticillium dahliae (Mezhlum-yan
et al., 1994).

A protein designated hypogin, with a prominent suppressive action on
the growth of the fungi Mycosphaerella arachidicola, Fusarium oxysorpum,
and Coprinus comatus, was isolated from seeds of the ground nut Arachis
hypogaea. (Ye and Ng, 2001).

A protein, with 23.8 KDa molecular mass and an acidic isoelectric point
of 5.4, was isolated from corn seeds. This protein showed inhibitory activity
against amylases from Fusarium verticillioides and Aspergillus flavus
(Figueira et al., 2003).

A protein designated mollisin, with 28 KDa molecular mass, was isolated
from the seeds of the chestnut Castanea mollissima. The protein inhibited
mycelial growth of Fusarium oxysporum, Mycosphaerella arachidicola, and
Physalospora pyricola. The antifungal activity of mollisin was unaffected by
incubation at 40°C for 10 minutes, underwent a decline after incubation at
60°C, and was completely abolished after treatment at 80°C (Chu and Ng,
2003).

The maize inbred Tex 6 has resistance to colonization and aflatoxin
accumulation by Aspergillus flavus. A protein inhibiting the growth of A. flavus
has been identified from aqueous extracts of mature Tex 6 seeds. (Moore et
al., 2004).

In the present study, sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) was employed to develop models to quantify
frequencies of fungi isolated from cottonseeds. This approach has nct been
employed previously in the quantification of fungi isolated from cottonseeds.

MATERIALS AND METHODS

Fungal profiles of cotton cultivars:

Random samples for cotton (Gossypium barbadense L.) cultivars were
obtained from Cotton Research Institute, Agric. Res. Center, Giza, Egypt. A
random subsample of 100 seeds for each cultivar was used in isclation.

Occurrernce of seedborne fungi was determined by the standard blotter
method (ISTA, 1993). Ten nonsterilized seeds for each cultivar selected at
random were placed on three layers of damp 9-cm Whatman No. 1 filter
paper in Petri dishes and each was replicated ten times. The plates were
incubated in 12-hr light and 12-hr darkness at 20+2°C for 7 days. After
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incubation, each colony was examined macroscopically or microscopically for
identification to genus or species level according to Gilman (1966), Booth
(1971) or Barnet and Hunter (1979). Isolation frequency of each fungus was
expressed as the percentage of seeds from which the fungus grew. If more
than one fungus grew from the same seed, each was counted.

Extraction of proteins from cottonseeds:

Protein extract was prepared according to Hussein (1992) in the
following way: Seeds from healthy plants of cotton cultivars Giza 80, Giza 83
Giza 85, Giza 86, Giza 88, and Giza 89 were slightly ground and defatted by
diethyl either or chloroform for 4 to 5 days. After drying at room temperature,
ground seeds were suspended in a solution (1-3 ml/g seeds) consisting of
12.5 glucose and 1 g ascorbic acid dissolved in 100 ml phosphate buffer 8.3
and ground in liquid nitrogen to a fine powder. After thawing, the powder
suspended in buffer was centrifuged at 19.000 rpm for 30 minutes at 0°C.
The protein content in the supernatant was adjusted to a concentration of 3 to
4 mg/ml according to Bradford (1976) spectrophotometric method by using
bovin serum albumin as a standard protein.

Electrophoresis of dissociated protein (SDS-PAGE):

For electrophoresis of dissociated protein, each supernatant was mixed
with an equal volume of a solution consisted of (by volume) 64% buffer (0.15
M Tris-HCI, pH 6.8); 20% glycerol; 6% sodium dodecyl sulfate (SDS); 10% 2-
6 mercaptoethanol, and 0.1% bromophenol blue, before boiling in water bath
for 3 minutes. Twenty-microliter samples (40 ug of proteins) was subjected to
electrophoresis in 15% polyacrylamide gel prepared in 0.1% SDS (Laemmli,
1970 and Latorre et al., 1995) and stained with Brilliant Blue R-250 (Weeke,
1973).

Statistical analysis:

Gel was scanned for band Ry (position) and amount (%) by the gel
documentation system AAB (Advanced American Bloteci'znology 1166).
Stepwise regression technique with greatest increase in R? as the decision
criterion was used to describe the effects of proteins (predictors or independent
variables) on frequencies of the isolated fungi (dependent variables).
Correlation and regression analyses were preformed with a computerized

program.
RESULTS AND DISCUSSION

A total of 14 fungi were identified among the 6 cultivars that were
tested (Table 1). No single cultivar yielded all the 14 fungi. Giza 88 and Giza
89 yielded the highest number of fungi (12 fungi), while Giza 86 yielded the
lowest number (8 fungi). The other cultivars yielded a number of fungi ranged
from 9 to 11. Penicillium spp., Alternaria alternata, Aspergillus flavus,
Aspergillus niger, Cephalosporium sp., and Fusarium moniforme were
isolated from all the tested cultivars.

Fig. 1 showed the phenogram constructed based on distances
generated from cluster analysis of fungal profiles shown in Table 1. The
smaller the distance, the more closely the cultivars were in their fungal
profiles. Cluster analysis divided the cultivars into two distant groups.
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Table 1. Frequencies (%) of fungi isolated from cottonseeds of eight cultivars.
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Fig. 1. Phenogram based on average linkage cluster analysis of
susceptibility (%) of 6 cotton cultivars to 14 seedborne fungi.
The tested cultivars were Giza 80 (1), Giza 83 (2), Giza 85 (3),
Giza 86 (4), Giza 88 (5), and Giza 89 (6).

Fig. 2. Protein patterns obtained by SDS-PAGE from seeds of cotton
cultivars Giza 80 (1), Giza 83 (2), Giza 85 (3), Giza 86 (4), Giza
88 (5), and Giza 89 (6). M was a protein marker.,
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One group included only cultih  pjstance  the other group included the
remainder cultivars (Distance = .. o und group, cultivars associated
strongly, whereas any of these cultivars associated weakly with Giza 80
(Table 2). The phenogram implied that Giza 80 had a unique fungal profile
different from the profiles of the other cultivars. On the other hand, Giza 86
and Giza 89 showed very high similarity level in their fungal profiles
(Distance = 0.7).

A total of 34 protein bands were identified among the 6 cultivars that
were analyzed (Fig. 2 and Table 3). No single cultivar was stained for all the
34 bands. Similarly, no single band was common to all the cultivars. Giza
88 showed the least number of bands (7 bands), while the other cultivars
showed a number of bands ranged from 8 to 9. Each cultivar was
characterized by unique bands. For example, bands nos. 6, 8, and 14 were
unique to Giza 80.

Pearson correlation coefficient was calculated to measure the degree
of association between frequencies of the isolated fungi and the amounts of
the separated protein fractions (Table 4). However, few proteins were
satisfactory correlated with frequencies of the isolated fungi. Thus, of the
476 correlation coefficients shown in Table 3, only 24 (5.04 %) were
significant (p < 0.05) or highly significant (p < 0.01).

Data for isolation frequencies and amounts of protein fractions were
entered into a computerized stepwise multiple regression analysis. The
analysis constructed predictive models by adding predictors, in this case
amounts of protein fractions, to the models in order of their contribution to
RZ. The analysis was effective in eliminating those variables with little or no
predictive value by incorporating into the models onlg those variables that
made a satisfactory significant contribution to the R® value of the model
(Podleckis et al, 1984). Using the predictors supplied by stepwise
regression. 12 models were constructed to predict isolation frequencies
(Table 5). R? values of the obtained models ranged from 62.72 to 100.00%.
Of these models, 4 were one-variable models (Fig. 3).

The utility of the electrophoretic data depends on the method of
statistical analysis. Multiple regression was a logical choice for construction
of predictive models, but the complex nature of banding patterns warranted
a method to eliminate bands with no predictive value. Stepwise regression
is the best variable selection procedure because it eliminates from the
model any variable whose contribution to predictive ability is statistically
insignificant (Draper and Smith, 1981 and Podleckis et al., 1984).

In the present study, satisfactory visualization of banding patterns
were obtained by using the Coomassie Blue staining system for general
proteins, and the stepwise regression models they generated proved
effective in predicting isolation frequencies from banding patterns.
Therefore, SDS-PAGE of proteins, such as that described herein, may

provide a supplementary assay to microscopic examination to quantify
fungal profiles of cottonseeds.
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Fig. 3. Relationship between amounts of protein fractions and
isolation frequencies of Aspergillus flavus

Fusarium

(A),

sp. (B), Cladosporium sp. (C), and
Trichoderma spp. (D).
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