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Abstract: Fusarium contains the most toxigenic and important fungal
pathogens, producing a wide range of mycotoxins that include the more
toxic secondary metabolites called fumonisins. This study analyzed the
presence of common exo- and mycelium-soluble antigens, purified proteins
using reducing SDS-PAGE and the expression of antibodies against
different fungal pathogens. The results showed the presence of common
antigens between pathogens and development of antibodies against antigens
from F. circinatum, F. oxysporum and D. pinea. A strong reactivity
against the antigens ranged between 0.510 to 0.868 in F. circinatum and
F. oxysporum isolates. The reactivity of anti-D. pinea antibodies was
relatively low, with the highest absorbance value of 0.650, accompanied
by a minimal cross reactivity. Overall, these findings indicated that,
antibodies against mycelium-soluble antigens were the most immuno-
reactive and could be helpful for the development of a rapid Fusarium
detection tool for use in various industries.
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Introduction

Fusarium contain the most toxigenic and important
fungal pathogens, producing a wide range of
mycotoxins, including the more toxic secondary
metabolites called fumonisins (Bubici et al., 2019). The
mycotoxins produced by these organisms are often
associated with plant, animal and human diseases
(Nelson et al., 1994). Storer et al. (2002; Bubici et al.,
2019) reported more than 17 Fusarium species that
target numerous cultivated trees, grain and cereal crops,
causing a decrease in the quality and quantity of yield
attributes. Amongst them, Fusarium circinatum,
Fusarium oxysporum, Fusarium solani and Fusarium
culmorum were some of the widely implicated species,
in the decreased growth and productivity of many
cultivated timber, medicinal and crop species (Bailey and
Lazarorits, 2003; Adesina et al., 2009; Bubici et al.,
2019). As a result of these effects, Fusarium species
have a considerable impact on ecological, economic and
social dynamics of the millions of people around the
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world. These fungal pathogens cause reduction in the
growth of agro economically important plant species by
causing pitch canker, wilts (especially in seedlings),
gibberella ear rot, crown rot and head blight, as well as
other symptoms/toxigenic effects seen in a number of
crops including pine trees, sorghum, maize and wheat
(Gordon et al., 2015; Beukes et al., 2017).

Therefore, early pathogen detection and identification
of the toxigenic symptoms will play a major role in
ensuring efficient and proper control, limiting the spread
of the disease. With fungal pathogens still identified
using conventional methods such as the investigation of
visible symptoms, use of selective media and
microscopic analysis. More accurately sensitive, rapid
and reliable novel protocols still need to be developed,
especially where quick detections are required. Such
methods include the use of nucleic acid based detection
using Polymerase Chain Reaction (PCR) and protein
based immunochemical techniques (Zhao et al., 2014;
Sue et al., 2014; Kuzdralifiski et al., 2017; Springer et al.,
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2019). The use of immunochemical detection system
entailing Enzyme-Linked Immunosorbent Assay (ELISA)
offer a much more sensitive detection with shorter
analytical time and lower detection limit, particularly
when coupled with real-time PCR (Sue et al., 2014).

Thus, the development of functional antibodies
against Fusarium remain of significant interest in
preventing the negative impacts of Fusarium-associated
mycotoxins. The objective of the current paper was to
investigate the development of specific functional
antibodies against Fusarium antigens isolated from D.
pinea, F. circinatum and F. oxysporum for potential use
as a detection tool in various industries such as
veterinary, medical and agricultural sector.

Materials and Methods
Diplodia sp. and Fusarium spp. Culture

Diplodia pinea, Fusarium circinatum and Fusarium
oxysporum isolates were sourced from the Forestry and
Agricultural Biotechnology Institute, at the University of
Pretoria, Republic of South Africa. Fungal isolates were
first cultured on potato dextrose agar for 14 days at 28°C
for antigen preparation as described by (Gan et al.,
1997). Culture-plugs were excised out of the agar plates,
inoculated in 100 mL nutrient broth containing 1% (w/v)
yeast extract in combination with 1% (w/v) dextrose and
incubated under similar conditions with constant
agitation. Mycelia broth culture was filtered using a
cheesecloth to separate the filtrate exo-antigen from
mycelial pads. Mycelial pads were then resuspended in
Phosphate Buffer Saline (PBS) comprising of 0.8%
(w/v) NaCl, 0.02% (w/v) KCI, 0.115% (w/v)
NazHPO4.2H,0 and 0.02% (w/v) KH2PO4. The mixture
was homogenized for 5 min, briefly sonicated and
centrifuged at 14, 000 xg for 5 min at room temperature.
Mycelium-soluble-antigen culture supernatant was then
collected and stored at -20°C until used for protein
analysis. However, the exo-antigen filtrates were
resuspended on PBS buffer, sonicated and dialyzed
overnight using dialysis tubing with a molecular cut-off of
12-14 kDa. Dialysis tubing was then placed in PEG 20000
for 20 min to concentrate the exo-antigen proteins.

Antigen Preparation from SDS-PAGE Separated
Proteins

Proteins in exo-antigen and mycelium-soluble antigens
were first concentrated using the BCA™ Protein Assay
Kit (Pierce, Rockford, IL, USA). A standard curve was
constructed using Bovine Serum Albumin (BSA) at
0.0025-2 mg.ml~* to determine the antigen concentration
(Fig. 1A). Antigen samples were mixed with working
reagent at 1:20 ratio and incubated at 37°C for 30 min
and then a color change was measured at 562 nm using a
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FLUORStar Optima spectrophotometer (BMG Labtech,
Offenburg, Germany).

Analysis and selection of unique protein bands for each
pathogen was conducted through 10% reducing Sodium
Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-
PAGE), according to (Laemmli, 1970). A total of 20
pg.mi of each mycelium-soluble and exo- antigen
samples were individually mixed in reducing sample
buffer (pH 6.8) containing 125 mM Tris-HCI, 4% (w/v)
SDS, 20% (v/v) glycerol and 10% (v/v) 2-
mercaptoethanol. The mixtures were heated at 100°C for
5 min, loaded in SDS-PAGE gel wells (20 ug per well)
and then separated at constant current (18 mA per gel)
until loading dye reach the bottom of the gel. Molecular
marker comprising of bovine serum albumin (68 kDa),
ovalbumin (45 kDa), carbonic anhydrase (30 kDa) and
lysozyme (14 kDa) were loaded on the first well of each
gel. Unique and consistent bands observed from different
gel runs were selected for purification. All gels were
stained using a solution containing 0.125% (w/v)
Coomassie Blue- R250, 50% (v/v) methanol and 10%
(v/v) acetic acid for four hours and distained using acetic
acid-methanol-water solution at 50:165:785 ratio.

Antibody Isolation from Egg Laying Chickens

Isolation of pre-immune antibodies were carried out
from eggs of chickens before immunization. Two
chickens were required for each antigen and five
antigens were then used to raise antibodies. Each antigen
was mixed with an equal volume of Freund’s complete
adjuvant for the first injection and Freund’s incomplete
adjuvant was administered on at two-week interval as
booster injections. A Polyethylene Glycol (PEG)
precipitation method as described by (Polson et al.,
1985) was used for antibody isolation. The pellet
containing IgY was suspended in the isolation buffer
containing 1.56% (w/v) NaH:P0.4.2H,0, 0.02% (w/v)
NaN; titrated to pH 7.6 with NaOH and in a 1/6th
volume of yolk. A 10% (w/v) sodium azide solution was
added to the final concentration of 0.1% (w/v) and the
mixture was stored at 4°C.

Preparation of ELISA and Cross-Reactive Test

An indirect ELISA was used for evaluation of
antibody production over time and in cross-reactivity tests
as indicated in Fig. 1B. The microtiter plates were coated
with 100 pg.ml antigen in PBS at 37°C for 2 h followed
by 4°C overnight. Blocking of unoccupied sites in wells
was done by adding 200 pL BSA (0.5%, w/v in PBS) for
1 h at 37°C. Microtiter plates were washed a few minutes
with PBS containing 0.1% (v/v) Tween 20 and 10 pg.ml
of primary antibody in BSA specific for each pathogen
added and then incubated for 2 h at 37°C. Rabbit anti-
chicken IgY-horse radish peroxidase conjugate was
added to the wells and incubated for 1 h at 37°C.
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Fig. 1: Standard curve for BCA protein quantification assay of BSA known concentration (0.025-2.0 mg.ml~1) measured at 562 nm
(A) and common indirect ELISA format used in the development of Fusarium detection methods (B)

The plates were washed and ABTS substrate solution
[0.05% (w/v) ABTS and 0.0015% (v/v) HO; in citrate-
phosphate buffer, pH 5.0] containing H»O;, added and
incubated for 10 min at room temperature. After
incubation, the absorbance was measured at 405 nm
using a FLUORStar Optima Spectrophotometer.

Antibody cross-reactivity was evaluated using
indirect ELISA. A 10 pg.ml=! protein was used for each
antibody. Five microtiter plates were set out for cross-
reactivity and each plate contained one set of antigen
used for coating. The plates were treated as indicated
above, where five antibodies were used for each antigen
and color changes after the addition of ABTS substrate
solution were measured at 405 nm.

Western Blotting for Analysis of Antigen Reactivity

For analysis of antigen reactivity, mycelium-soluble
antigen for D. pinea, F. circinatum and F. oxysporum
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were separated on reducing SDS-PAGE gels in
duplicates and stained with Coomassie Blue to view
original protein patterns and for protein transfer to the
nitrocellulose membrane as described by (Towbin et al.,
1979). Protein gels, filter paper rectangles and
nitrocellulose membrane were cut and immersed into
blotting buffer prepared with 0.6% (w/v) Tris-HCI,
1.44% (wlv) glycine, 20% (v/v) methanol and
supplemented with 4.5 mL of 10% SDS solution before
use. Filter paper rectangles and nitrocellulose membrane
were placed on the surface of the blotting buffer. Protein
gels were placed on top of nitrocellulose membranes and
additional filter paper sheets were then used to cover the
gels (Towhin et al., 1979).

Blotting was conducted at 40 mA for 16 h using a
wet blotter (Bio-Rad Hercules, CA, USA) in transfer
buffer (45 mM Tris-HCI, 173 mM glycerine and 0.1%
w/v SDS). Nitrocellulose membranes were transiently
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stained with 0.1% Ponceau solution in 1% (v/v)
glacial acetic acid until protein bands were visible.
The membranes were distained using distilled water
and air dried followed by blocking with 5% (w/v) low
fat milk powder in Tris-Buffer Saline (TBS) for 1 h.
Tri-buffer saline was prepared by mixing 0.224%
(w/v) Tris, 1.16% (w/v) NaCl and adjusted to pH 7.4
using HCI. The membranes were washed three times
in TBS for 5 min and incubated overnight with 10
ug.ml~t of primary antibody in 0.5% (w/v) BSA-TBS
at room temperature with gentle agitation. Membranes
were then washed twice with TBS for 5 min and
incubated for 1 h in secondary antibody HRPO
conjugate (rabbit anti-chicken IgY-horse radish
peroxidase HRPO conjugate) in 0.5% (w/v) BSA-
TBS. Nitrocellulose membranes were washed thrice
for 5 min and then immersed in 4-chloro-1-naphthol-
H20. substrate solution containing 0.06% (w/v) 4-
chloro-1-naphthol, 0.1% (v/v) methanol and 0.0015%
(viv) H20; in TBS. After substrate solution treatment,
membranes were kept in the dark until bands were
clearly visible, washed in distilled water and air dried
for further analysis.

Data Analysis

Analysis Of Variance (ANOVA) was used to analyze
the reactivity of the five different antibodies against the
fungal isolates of D. pinea, F. circinatum and F.
oxysporum. Significant differences between the treatments
were determined using Duncan and Bonferroni test.
Means from the absorbance obtained from each reaction
were included in the differential values.

Results and Discussion

SDS-PAGE Analysis and Purification of Proteins
from Different Fungal Isolates and Antigens

According to the analysis of protein banding
profile, unique and similar bands were observed as
similarities or differences according to pathogens.
Similar protein band profile in mycelium-soluble
antigens of D. pinea was observed where unique and
prominent bands were observed at approximately 34
kDa and 39 kDa, which did not appear in any lanes of
F. circinatum and F. oxysporum (Fig. 2, lane 2-4).
When comparing protein bands for Fusarium spp., a
unique protein band running at approximately 20 kDa
was observed for F. oxysporum. However, in all
Fusarium spp. isolates, a protein band was found
running similar and prominent in a region of 45 kDa
(Fig. 2, lane 5-10). Results indicated that, antigen
expression was not consistent between isolates, as
some proteins were degraded and disappeared during
profiling probably due to preparation protocols or storage.
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There was band similarities between D. pinea and F.
oxysporum isolates, while F. circinatum showed a large
number of prominent and different protein profiles
between its isolates (Fig. 2, lane 5).

The analysis of exo-antigens showed no band
development even when more sensitive stains such as
silver or aureole staining were used. Results suggest
that, the unique proteins identified in this study for
each pathogen can be used for immunization or
selection of unique monoclonal antibodies. Although,
some proteins had similar sizes, variation in a wide
range of banding profile was also observed among
these pathogens. Gan et al. (1997) also reported the
identification of unique proteins for the development of
more specific antibodies for immunization against fungal
pathogens. Earlier similar findings were made by
(Kitagawa et al., 1989; Holtz et al., 1994; Gan et al.,
1997) using different Fusarium pathogens and strains of
Thielaviopsis basicola. Biazon et al. (2006) also
identified common antigens using unique protein profiles
from eight strains of F. verticillioides.

The unique proteins from D. pinea, F. oxysporum and
F. circinatum were further purified for antibody
production. A pure protein was obtained (Fig. 2B (i),
lane 5), which was then intensified using BSA samples
of known concentration (50 pg.ml=t) (Fig. 2B (ii), lane
8). BSA standards were also used in other studies to
achieve high quality products of unique proteins purified
for assessing immunoaffinity and antibody production
(Balkani et al., 2016; Raoufinia et al., 2016).

Antibody Production, Reactivity Towards Antigens
and Cross-Reactivity Test

Antibody production after the first immunization
was observed from the third week, which was common
among all sets of antibodies. Isolates from D. pinea, F.
circinatum and F. oxysporum with most number of
protein bands and consistency on the patterns with
different antigen preparation were selected, similar to
report by (Biazon et al., 2006). Isolates of F.
circinatum showed more reactivity towards anti-F.
circinatum antibodies (Fig. 3, B4 and B5). The
absorbance reading between different F. circinatum
isolates ranged between 0.510 to 0.868. Anti-F.
oxysporum antibodies reactivity was relatively similar
among the different isolates used, but with least
reactivity in one of the isolates observed at absorbance
value of 0.703 (Fig. 3, C4). Results obtained showed
that the reactivity of anti-D. pinea antibodies was
relatively low since the highest absorbance value
obtained was 0.650 (Fig. 3, Al). Furthermore, the
results also indicated that, the anti-F. oxysporum
antibodies were the most reactive antibodies according
to the highest absorbance values obtained.
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Fig. 2: Comparison of protein content from three isolates of D. pinea, F. circinatum and F. oxysporum analysed through 10% reducing
SDS-PAGE. Lane 1- Molecular Weight Marker (MWM); lane 2-4- D. pinea isolates; lane 5-7- F. circinatum; lane 8-10- F.
oxysporum. Arrow points to bands of interest that were further purified (A). Determination of purity and concentration of D.
pinea-34 kDa protein by electro-elution. Initial purification: Lane 1- MWM; lane 2- D. pinea 16; lane 3- F. circinatum 3578;
lane 4- F. oxysporum 776; lane 5- D. pinea 34 kDa protein. Last purification: Lane 1- MWM; Lane 2- BSA 1 mg.ml%; lane 3-
BSA 0.5 mg.ml%; lane 4- BSA 0.25 mg.ml-%; lane 5- BSA 0.125 mg.ml=; lane 6- D. pinea 34 kDa protein from first
purification; lane 7- D. pinea 34 kDa protein second purification; and lane 8- D. pinea 34 kDa protein third purification
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isolates for F. oxysporum (C1-C5)

533



Phumzile Mkhize and Phetole Mangena / American Journal of Biochemistry and Biotechnology 2020, 16 (4): 529.537

DOI: 10.3844/ajbbsp.2020.529.537

1

0.9 I I

0.8

0.7

= Anti-D. pineaantibodies

Ad05

= Anti-F. circinatum antibodies

Anti-F. oxysporum antibodies

D. pinea

Fungal pathogens

: I i 1

F.circinatum  F. oxysporum F.solani F.graminearum F.culmorum

= Control- (non-immunised
antibodies)

Fig. 4: Evaluation of anti-D. pinea, anti-F. circinatum and anti-F. oxysporum antibody cross-reactivity using indirect ELISA

The antibodies developed against mycelium-soluble
antigens for D. pinea, F. circinatum and F. oxysporum
showed more reactivity and specificity than antigen-F.
circinatum exo- and anti-D. pinea antibodies. Although,
cross-reactivity of anti-D. pinea antibodies with antigens
from other fungal species was observed, this was
minimal (Fig. 4). Anti-F. circinatum antibodies were
more reactive towards antigens isolated from F.
circinatum with most cross-reactivity observed with F.
solani, F. culmorum, F. graminearum and F. oxysporum
antigens, respectively. It should be noted that, positive
reactions gave absorbance reading that were high enough
to separate them from the cross-reactive reaction. With
further developments where more cross-reactivity tests
can be evaluated, cut-off values for each antibody
specificity can be determined. On average, the absorbance
reading for the detection of F. circinatum was 0.278,
higher than those of non-specific reactions. A similar
trend was observed for anti-F. oxysporum antibodies
where more reactivity was observed towards F.
oxysporum antigens. Cross-reactivity was relatively high
towards F. solani, F. circinatum and F. culmorum, but
the absorbance reading for the specific antigen detected
was 0.303 units higher than that of non-specific antigens.

A significant variation (p-value <0.0001) was obtained
from the evaluation of immunochemical similarities
between isolates of the same fungal pathogens compared
to the isolates from other fungal pathogens indicated on
Fig. 3. The reactivity of different antibodies with different
F. circinatum isolates indicated variation in the
immunochemical composition of these isolates. As
indicated in the ELISA shown in Fig. 3 and 4, there was
immunochemical differences emanating from the
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reactivity of antibodies with the isolates in F. circinatum
and F. oxysporum, but no reactivity of different antibodies
with isolates of D. pinea. However, as expected, most
reactivity was observed from anti-D. pinea antibodies
with its isolates. Furthermore, anti-F. circinatum exo- and
anti-D. pinea 34 kDa antibodies were the least reactive
antibodies and showed non-specific binding.

Western Blot Analysis

The analysis of antibody reactivity with different
antigens blotted on nitrocellulose membrane indicated
common antigens between different fungal pathogens.
When anti-F. circinatum antibodies were used for
detection of different fungal pathogens, results indicated
that they cross-reacted with antigens larger than 45 kDa
for D. pinea and F. oxysporum (Fig. 5).

In F. circinatum isolates, antibodies reacted with 24
kDa antigens but, the immuno-dominant antigens were
observed from 35 kDa and above. Common antigen
between F. circinatum isolates were observed at
approximately 67 kDa, 58 kDa, 45 kDa, 34 kDa and 35
kDa as indicated on Fig. 4 (lane 6-8). However,
prominent antigens were observed at 68 kDa for only F.
circinatum (Fig. 5, lane 6 and 7). These observations
suggests that the common antigens between the F.
circinatum isolates at 45 kDa might be the prominent
protein observed on the SDS-PAGE (Fig. 4), also
common between F. circinatum and F. oxysporum. Anti-
F. circinatum antibodies did not bind the 45 kDa protein
from F. oxysporum. A common antigen at 67 kDa
observed on the nitrocellulose membrane was also a
common protein on the SDS-PAGE observed between
the F. circinatum isolates.
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circinatum and F. oxysporum. (A). Detection using anti-F. circinatum antibodies; lane 1, MWM; lane 2, D. pinea 31; lane 3,
D. pinea 16; lane 4, F. oxysporum 776; lane 5, F. oxysporum 1861; lane 6, F. circinatum 3578; lane 7, F. circinatum 3580;
lane 8, F. circinatum 3579. (B). Detection using anti-D. pinea antibodies, Lane 9, MWM; lane, 10 D. pinea 31; lane 11, D.
pinea 16; lane 12, F. circinatum 3578; lane 13, F. circinatum 3580; lane 14, F. oxysporum 776; lane 15, F. oxysporum 1861;
lane 16, F. oxysporum 1858. (C). Detection using anti-F. oxysporum antibodies; lane 17, MWM; lane 18, D. pinea 31; lane
19, D. pinea 16; lane 20, F. circinatum 3578; lane 21, F. circinatum 3580; lane 22, F. oxysporum776; lane 23, F. oxysporum
1861; lane 24, F. oxysporum 1858; lane 25, contains only nutrient broth as control; lane 26, MWM

The most reactivity showed by the development of
daker bands on the nitrocellulose membrane was
observed in F. circinatum isolates, probably due to
overloading (lane 6-8, Fig. 4). Cross-reactivity of anti-F.
circinatum antibodies with D. pinea and F. oxysporum
was observed in lane 2 and 4 (Fig. 5), most notably at
67, 65 and 58 kDa with D. pinea and 67 kDa as well as
58 kDa with F. oxysporum, respectively.

The reactivity of anti-D. pinea antibodies was not as
prominent as that observed for anti-F. circinatum
antibodies. These findings were similar to the
observations made in the ELISA on Fig. 3 and 4. The 56
kDa antigen observed on Fig. 3 and 4 had the same size
as one of the proteins that were common among D. pinea
isolates indicated by SDS-PAGE (Fig. 5A) with both
specific and non-specific band cross-reactivity with
some of the F. oxysporum isolates. Lastly, the anti-F.
oxysporum antibodies reacted strongly with all F.
oxysporum isolates, with common antigens observed at
60, 58 and 53 kDa.

Overall, these findings indicated that, antibodies
against mycelium-soluble antigens were the most
immuno-reactive. Earlier reports with varying findings
indicated that immunizing with mycelium-soluble
antigens resulted in more reactive and less specific
antibodies developed against exo-antigens, with other
reporting increased specificity (Brill et al., 1994; Gan
et al., 1997; Hitchcock et al., 1997; Hayashi et al.,
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1998). In the current study reactivity obtained with
anti-F. circinatum exo-antigen antibodies showed no
significant difference when these antibodies reacted
with other Fusarium species and no increased
specificity was observed which is in contrast with the
observations made by (Gan et al., 1997). This informed
the selection of antibodies to use for cross-reactivity
tests in ELISA and western blotting.

Furthermore, comparing the cross-reactivity amongst
anti-D. pinea, anti-F. circinatum and anti-F. oxysporum
antibodies showed that anti-D. pinea antibodies were
less reactive with other pathogens when analysed with
both ELISA and western blots. Antibodies against F.
circinatum can be characterised as genus-specific
antibodies since these showed strong reactivity with
other fungi of the same genus. However, these antibodies
were more reactive towards their corresponding antigen
indicated by the higher absorbance reading and
development of multiple bands on the western blot
when detecting F. circinatum isolates, in contrast with
the few bands that developed for the detection of D.
pinea and F. oxysporum isolates with the same
antibodies. Reactivity of anti-F. oxysporum antibodies
were more directed to F. oxysporum antigens as
expected, but the specificity of these antibodies can
also be characterised as genus specific. Such antibody
specificity has also been observed in other studies that
used both monoclonal and polyclonal antibodies for
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fungal detection (Arie et al., 1998; Bossi and Dewey,
1992; Thornton et al., 2002; Schmechel et al., 2003).

Other studies have reported similar trend of
antibody reactivity where it was concluded that more
cross-reactivity occurs between fungi from the same
genera because of common epitopes present within the
same genus as was also observed in the current study
(Biazon et al., 2006). Findings made in this study
showed that, antibodies obtained in the current study
were not species-specific, showing cross-reactivity with
pathogens from other genera. However, these antibodies
were more reactive towards their corresponding antigens
indicating their potential use for detection of D. pinea, F.
circinatum and F. oxysporum followed by more
validating tests such as PCR where necessary.

Conclusion

This study showed the presence of common antigens
and development of antibodies from exo- and mycelium-
soluble antigens as well as purified proteins from
reducing SDS-PAGE probed against different fungal
pathogens. Antibody reactivity evaluation using indirect
ELISA showed cross-reactivity relationship between
anti-D. pinea, anti-F. circinatum and anti-F. oxysporum
antibodies. The development of these antibodies could
be further tested to provide an easy and fast field test in
identifying infections involving F. circinatum, F.
oxysporum and D. pinea.
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