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ABSTRACT

Common bunt is one of the most destructive
and dangerous among fungal wheat diseases. The
most familiar species of this seed-born disease are
Tilletia foetida and Tilletia caries and these two
fungi cause significant yield losses worldwide. The
virulence rate of a pathogen can change depending
on the interaction with host cell surface. In this
study, the characteristics of the cell surfaces of host
wheat and two pathogens of disease were determined
by scanning electron microscopy (SEM), zeta poten-
tial, optical tensiometer, attenuated total reflectance-
Fourier transform infrared spectroscopy (ATR-
FTIR) and thermogravimetric analysis (TGA). Two
types of wheat samples (resistant M82-2161 and sen-
sitive Heinles VII species) were used as the host cell.
SEM analysis was performed at 4.00-5.00 KX and
77-79X magnification. Electrostatic charge is an im-
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portant parameter for cell functions. The zeta poten-
tial was defined by a zeta sizer tool. Zeta potential
values of these samples were defined as -43.9 to -
4.46 mV. It was found that surface net charge plays
an important role in host—pathogen interaction. The
pathogens’ charges were measured as more negative
according to the host structure. The hydrophobicity
of the Heinless VII and M82-2161 were very differ-
ent, which is significant for pathogen-host interac-
tions. The FTIR spectra showed differences between
the pathogens and host. The thermal stability of all
samples was examined using TGA. Results of this
study demonstrate that surface charge, hydrophobi-
city and the surface molecules’ structure of the plant
and fungi cell wall play very important roles in host—
pathogen interactions.
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INTRODUCTION

Fungal phytopathogens are the cause of most
plant diseases [1]. Common bunt is a very important
seed-borne disease in wheat farming and is the cause
of serious economic losses [2-4]. Contamination of
wheat with common bunt is a frequent cause of low-
quality wheat production. Common bunt is caused
by Tilletia caries (T. caries) (DC.) Tul., C. Tul
(1847) [syn.], T. tritici (Bjerk.) G. Winter [syn.]
(1874) and Tilletia foetida (T. foetida) [Wallr.] Liro
(1920) [syn.] T. laevis J.G. Kiihn (1873) [2-8]. Til-
letia pathogenic agents have the capacity to contam-
inate the wheat seeds in the field during harvesting
by spores [9]. T. foetida and T. caries are mainly
seed-borne pathogens replacing wheat grains in ears
by smut balls consisting of teliospores on both spring
and winter wheat [8, 9]. Recently, contamination of
T. foetida and T. caries spores in wheat have become
an especially major problem causing losses of yield
and seed quality [4, 5, 7, 10].

Plants form physical and chemical barriers that
cover their organs and function as protection against
the hazardous external environment, including path-
ogenic attack. Plant—fungus interaction commences
with the contact between the plant and spore surfaces
[1]. The plant cell wall provides a physical and
chemical barrier between pathogens and the internal
contents of plant cells. The chemical composition
and physical characteristics of the plant cell wall are
an important factor in the outcome of the plant—path-
ogen interaction [11].

Chemical composition, topology and structures
of the plant surface, as well as fungal spore shape, its
texture and molecular features, influence the nature
of the relationship [1]. The plant cell wall is also a
highly dynamic structure that is constantly re-mod-
elled during growth and development and in re-
sponse to environmental cues [12]. Electrostatic
charge is an important parameter for the cell func-
tions [13]. The electric potential at the shear plane in
the diffuse layer is known as the zeta potential.
Measurements of electrophoretic mobility and elec-
trostatic models have provided a wealth of insights
into the binding of proteins, peptides and small mol-
ecules to lipid membranes. Some fundamental in-
sights have permitted the study of the electrostatic
binding of peptides, drugs, ions and other additives
to membranes using zeta potential measurements
[14]. Spectroscopic methods have also been applied
in microbiology in different ways for quantitative
and qualitative analysis and can fulfil these require-
ments [15].

Due to the specific and non-specific interac-
tions of microorganisms, they bind to the host cell
surface [16, 17]. The electric potential and hydro-
phobicity of the cell surface are often known as non-
specific interactions. Proteins and mannoproteins are
effective in the cell surface hydrophobicity of the
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fungal cell wall [17, 18]. These hydrophobic mole-
cules play an important role in pathogenesis and ad-
hesion morphogenesis because of the physical rela-
tionship between these hydrophobic molecules and
hydrophilic regions of the host cell wall [17, 19-23].
The ATR-FTIR is an excellent tool for quanti-
tatively analysing microstructural features [24].
FTIR spectroscopy is suitable for the identification
of microorganisms and presents a new addition to
existing taxonomic and genetic methods. The FTIR
analysis of bacterial isolates provides fingerprint
spectra, allowing the rapid characterisation of micro-
bial strains. Additionally, the ATR-FTIR technique
can be used for the observation of membranes [25].
TGA is one of the most commonly used ther-
mal analysis techniques to study the thermal behav-
iour of biomass materials [26] and is faster, easier to
implement and more cost-effective than existing wet
chemical techniques [27]. It is successfully used to
determine the amounts of hemicellulose, cellulose
[27], lignin, xylan and other molecules in a biomass
sample [28]. The virulence rate of pathogens
changes depending on their interaction with host cell
surface. In this study, the cell surfaces of wheat and
two pathogens (7. foetida and T. caries) were char-
acterised through SEM, zeta potential, optical tensi-
ometer, ATR-FTIR and TGA analyses techniques.

MATERIALS AND METHODS

Selection and procurement of materials. All
wheat (Triticum aestivum) and fungal (7. foetida and
T caries) samples were obtained from Eskisehir
Gegitkusagi  Agricultural  Research  Institute
(EGARI), Eskisehir, Turkey (2015) and stored at
room temperature. We selected a resistant (M82-
2161) and a sensitive wheat variety (Heinles VII) for
analysis. The virulence rates of pathogens were ob-
tained from EGARI field studies.

Cell surface characterisation of the host
wheat and pathogens. Host wheat and pathogen
samples were characterised by SEM, zeta potentiom-
eter, optical tensiometer, ATR-FTIR and TGA. Sur-
face morphology of samples was performed using a
scanning electron microscope (SEM-ZEISS Supra
40VP). SEM analysis was performed at 4.00—
5.00KX and 77-79X magnification. All samples
were coated with Platinum by Quorum-QI150Res
Sputter Coater.

The cell surface charge of all samples was de-
duced from zeta potential analysis. The zeta poten-
tial of all samples was determined from their move-
ment in the applied electrical field. The zeta poten-
tials were defined at room temperature in distilled
water with a Malvern-Nano ZS tool. The hydropho-
bicities of the host wheat surface were investigated
by the measurement of water contact angles with an
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optical tensiometer. Water contact angles were de-
termined using an Attention Theta Lite Optical Ten-
siometer by the sessile drop method. One drop of wa-
ter (~6pl) was dribbled upon host wheat and images
of drops using the contact angles were determined by
an image analysis program.

The ATR-FTIR spectrum of T. foetida, T. car-
ies and the wheats were measured within the range
of 4000-400cm ! through the use of a Perkin Elmer-
Spectrum100. Thermogravimetric analyses were
performed using an Exstar TG/DTA7000 analyser
series and samples were heated to a maximum tem-
perature of 800°C at a heating rate of 10°Cmin’!.
Samples of about 7-12 mg were put in a ceramic pan
and heated from room temperature to 800°C. The
thermogravimetric data were automatically recorded
and calculated with this thermal analysis software.

" FIGURE 1

RESULTS AND DISCUSSION

Scanning electron microscopy (SEM). The
first SEM analysis of the Tilletia sp. teliospore was
performed by Mosse and Jones in 1968 and con-
ducted only for description and classification [29].
However, no detailed SEM studies about 7. foetida
and T. caries have been conducted. The teliospore
wall of 7. caries is reticulated whereas that of 7. foet-
ida is smooth. Though morphologically different,
the two species are similar in germination require-
ments and life cycle [4, 30]. At the same time, the
virulence rates of the two pathogens differ from one
another [10]. Therefore, it is important for the sur-
face of the cell walls of both pathogens and hosts to
be analysed. The SEM images of the samples are
given in Figure 1 and Figure 2.

The 5000X SEM images of the fungal pathogens (a) 7. foetida (b) T. caries

FIGURE 2
The SEM images of the wheat varieties (a) Heinles VII (sensitive) 77X, (b) M82-2161 (resistant) 79X, (c¢)
Heinles VII surface 4000X, (d) M82-2161 surface 4000X
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TABLE 1
The virulence rates, resistance rates and Zeta potential values of fungal pathogens
(T. foetida and T. caries) and host wheats (sensitive Heinles VII and resistant M82-2161)

Pathogen Rate of djsease (%) Rate of disease (%) Zeta Potential
(for Heinles VII) (for M82-2161) (mY)
T. foetida 75 L15 -29,20
T. caries 66 0 -43,90
Host Resistanqe Resistanqe Zeta Potential
(for T. foetida) (for T caries) (mV)
M82-2161 Resistant Resistant -6,08
Heinles VII Sensitive Sensitive -4,46
(a) (b)

Heinles VII

MS82-2161

20

- 3.2 3

FIGURE 3
Contact angle images of the host wheat varieties (a) Heinless VII (sensitive) (b) M82-2161 (resistant)

The electron microscopy observations for 7.
foetida and T. caries showed the presence of surface
differences between the pathogens in the SEM im-
ages. T. caries appears to be more uneven and jagged
than T. foetida. The surface of both Heinles VII and
MS82-2161 wheat samples are porous and irregular.

Zeta potential analysis and pathogeny. The
cell surface electrostatic charges of the pathogens
and host cells were assumed to be equal to the zeta
potential. Zeta potential measurements of pathogens
and host cells were done in aqueous solution at room
temperature. Under neutral conditions, the results
showed that all pathogens and host cells are nega-
tively charged (Table 1). The results showed that the
pathogens are more negatively charged than the host
cell. This information can be a basis for understand-
ing adhesion and pathogeny.

Contact angle measurement. Pathogens—host
interaction can be predicted according to surface free
energy (SFE). SFE is related to the contact angle of
the surface. When the SFE decreases, the hydropho-
bicities of the surface increases [31]. The hydropho-
bicities of the host cell surface are important for
pathogen—host interaction because this structure
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must be a site of contact pathogen cells. The hydro-
phobicities of the cell surfaces were determined by
the measurement of the contact angle (Figure 3).

In this study, two host cells were used, and host
cell surfaces’ hydrophobicities were investigated by
contact angles measurements with water. The meas-
ured contact angle values of the host cells were very
different from each other. The hydrophobic species
was Heinless VII, which had a water contact angle
of 106% and the hydrophilic species was M82-2161,
with a water contact angle of 3°. The cell surface of
Heinless VII appears to have a high degree of hydro-
phobicity and this may be effective in fungal adhe-
sion. Heinless VII is more vulnerable to pathogens
and has disease rates higher than M82-2161 (Table

).

Attenuated total reflectance-Fourier trans-
form infrared spectroscopy (ATR-FTIR). The
ATR-FTIR spectra of all samples are presented in
Figure 4. The characteristic peaks for samples are
shown in Table 2. The characteristic band at 1160
cm’! is for antisymmetric stretching of C—O-C gly-
cosidic linkages in both cellulose and hemicellulo
[32-34] and C—H stretching assigned at 2889.2 cm!,
and the peak at 723.0 cm™! arises due to C—H bend-
ing of four or more methylene groups in the samples
[35]. Aliphatic C—H stretching was assigned at 1370
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cm! [25, 36, 37] and at 1650 cm?! from C=0 Thermogravimetric analysis. TGA is used to
stretches in aryl ketones [25, 37, 38]. Xylan bands determine how the thermal properties of samples
are found at 1245 cm™ and 900 cm™! [34, 39, 40]. vary with temperature [47]. The curves of thermo-
Pectin bands at 1017 cm™ and 1076 cm™! B-(1—6) or gravimetry (TG) and derivative thermogravimetry
B-(1—3) linked the galacton substrates. The charac- (DTG) are presented in Figure 5 and Figure 6. The
teristic band at approximately 1745cm’! is for C=0 results of TG analysis, during the experimental pro-
ester stretching, lipids and carbohydrates, respec- cedures heating rate of 10° Cmin!, are shown in Fig-
tively. The band at 990cm™'-702cm™ consists of ure 5.

arabinoxylans and cellulose. The band at 3500-
3300cm! is characteristic of OH-N-H stretching vi-
brations: carbohydrates and proteins [41-46].

Heinles VII
—e—em e T caries
msamss—sr T fortida
ssmnnsains sowes  NIS2.2161

T T T

4000 3000 2000 1000

Wavenumber (cm'l)

FIGURE 4
FTIR spectra of wheat and pathogen samples
TABLE 2
FTIR data of T. foetida, T. caries and host wheats (sensitive Heinles VII and resistant M82-2161)
T. foetida T. caries Heinles VII M8§2-2161
3272,83 3265,11 3272,98
2880,72 2878,18 2899,42 ggég’?g
1748,99 1747,52 1651,31 1654’18
1623,17 1617,32 1150,54 ’
li,)T(I(Enc_ilz;ta 1378,83 1376,03 1075,92 ﬁg%’g;
1157,89 1150,20 1016,78 1074’49
1032,8 1023,67 998,44 1015’23
724,08 579,354 711,46 902 ’30
579,23 529,331 575,14 ’
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FIGURE 5
TG curves of pathogen fungi (7. foetida and T. caries) and host wheats (sensitive Heinles VII and resistant
M82-2161) with a heating rate of 10°C min!
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FIGURE 6
DTG curves of pathogen fungi (7. foetida and T. caries) and host wheats
(sensitive Heinles VII and resistant M82-2161)

The linear heating program was conducted with
heating to 800 °C. The TG curves of host wheat and
pathogens were very similar among themselves. The
TG spectrum of all host samples generally showed
three steps. The first stage is due to evaporation. The
second and third stages are degradation of cellulose,
hemicellulose and non-cellulosic components, for
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example lignin content. These steps are different
from one sample type to another. Hemicelluloses are
unstable polysaccharides and decompose faster than
cellulose and lignin at lower temperatures [48]. Lig-
nin is an aromatic polymer compound and this com-
pound is very stable and more difficult to decompose
than cellulose and hemicellulose [48-50]. Blasi
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(2008) reported a decomposition temperature range
of hemicellulose and cellulose of 225-325 and 325—
375°C, respectively [51].

Decomposition of the lignin for slow heating
rates may start as early as 160°C and range up to
700°C [52]. The TG curves of Heinless VII and
M82-2161 were very similar and in agreement with
the literature TG curves of the samples, which
showed three decomposition phases. The first and
second phases were attributed to hemicellulose and
cellulose decomposition, respectively. The third
phase was attributed to lignin decomposition. How-
ever, the pathogens’ decomposition peak arises at
higher temperatures according to the host wheat.
This is explained by the differences in stable organic
structures in the samples. Structural and thermal de-
composition temperature are interdependent. The
excellent crystal structures are decomposed at high
temperatures [53]. The fungal cell wall is a complex
structure composed of chitin, glucans and other pol-
ymers, and there is evidence of extensive cross-link-
ing between these components [54, 55]. The glyco-
proteins present in the fungal cell wall are exten-
sively modified with both N- and O-linked carbohy-
drates and, in many instances, contain glyco-
sylphosphatidyl inositol (GPI) anchors as well. The
glucan component is predominantly beta-1,3-glucan,
long linear chains of beta-1,3-linked glucose. Glu-
cans having alternate linkages, such as beta-1,6-glu-
can, are found within some cell walls. Chitin is man-
ufactured as chains of beta-1,4-linked N-acetyl glu-
cosamine residues and is typically less abundant than
either the glycoprotein or glucan portions of the wall.
The composition of the cell wall is subject to change
and may vary within a single fungal isolate depend-
ing upon the conditions and stage of growth. The
glycoprotein, glucan and chitin components are ex-
tensively cross-linked together to form a complex
network, which forms the structural basis of the cell
wall [55].

CONCLUSION

Common bunt is a serious fungal disease af-
fecting wheat (7riticum aestivum L.) production and
causes economic losses in large parts of the world.
T. foetida and T. caries are the most common fungal
species among wheat diseases. Fungal cell walls are
structurally unique and differ significantly from the
cellulose-based plant cell wall. Fungal cell walls are
composed of glycoproteins and polysaccharides,
mainly glucan and chitin. Additional minor cell wall
components are present and vary among species of
fungi [55-57]. Furthermore, the plant cell wall in-
cludes such complex polysaccharides as cellulose,
hemicelluloses and pectin. Upon pathogen attack,
plants often deposit callose-rich cell wall appositions
(i.e. papillae) at sites of attempted pathogen penetra-
tion, accumulate phenolic compounds and various
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toxins in the wall and synthesise lignin-like poly-
mers to reinforce the wall [12]. All plant pathogens
interact with plant cell walls [11]. Several studies
have demonstrated that the roles of cell surface hy-
drophobicity and electrostatic charge are important
in the adhesion and virulence rates of the fungal
pathogens. Furthermore, adhesion is associated with
the surface charge, ionic strength and hydrophobi-
city [17, 58-60].

Knowledge of the surface characterisation of
host and pathogens makes it possible to predict how
these will interact with each other or their environ-
ment. Some physicochemical and chemical proper-
ties of this interaction should be clarified. Van
Loosedrecht et al. (1990) reported that the bacterial
adhesion to a surface related to the hydrophobicity
and charge [31]. However, they were not able to ex-
plain this bacterial adhesion by a single model [31,
58, 61]. Subsequent research has shown that the cell
surface hydrophobicity is very important in adhesion
[62]. The bacterial adhesion to a surface has been
shown to decrease with increasing negative charge
and low ionic strength. Furthermore, with increasing
hydrophobicity, adhesion also tends to increase [17,
59, 60]. In this study, our SEM observations clearly
exhibited the presence of surface differences be-
tween both pathogens (7. foetida and T. caries) and
wheat varieties (Heinless VII and M82-2161). Our
zeta analysis findings showed that both pathogenic
species have a negative zeta potential. Additionally,
the more-resistant wheat varieties against these path-
ogens have more negative zeta potentials than the
sensitive wheat varieties and may cause a steric re-
pulsion between fungus and resistant host wheat sur-
faces. Furthermore, 7. aestivum species have large
variations of cell surface hydrophobicity and disease
rates against Tilletia sp. Disease rates of Tillatia sp.
are higher at the hydrophobic substrate (Heinless
VII) than the hydrophilic substrate (M82-2161). This
pathogen strain adheres better to the hydrophobic
substrate. We observed that the FTIR reflectance
spectra of pathogens and hosts are very different.
The cell structure of pathogens and host samples ex-
hibit polyfunctionality. The TG curves of host wheat
and pathogens were very similar among themselves,
but the fungal pathogens decomposition peaks arise
at higher temperatures depending on the host wheat.
The fungal pathogens’ structures may include the de-
composition of molecules at higher temperatures.

The present study demonstrates that surface
charge, hydrophobicity and the surface molecules’
structure play very important roles for host—patho-
gen interactions. If the surface characterisations of
host wheat and pathogens are known, the host—path-
ogen interaction can be better understood and future
experiments can be planned for the formulation of
possible important antifungal drugs and optimised
growth conditions. Finally, the obtained data from
this study may be used for fighting against common
bunt disease in the future.
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