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Abstract

Background and Aim: Several strains of Aspergillus fumigatus produce mycotoxins that affect the health and productivity
of dairy cattle, and their presence in dairy cattle feed is a serious concern. This study aimed to determine the densities of 4.
fumigatus and gliotoxin in commercial dairy feed.

Materials and Methods: More than 60 dairy feed samples were examined for fungal contamination, specifically for A.
fumigatus, using phenotypic approaches and DNA sequencing of the internal transcribed spacer (ITS) and B-tubulin regions.
Thin-layer chromatography and high-performance liquid chromatography (HPLC) were used to assess gliotoxin production
in A. fumigatus. Real-time polymerase chain reaction (RT-PCR) was used to investigate the expression of g/iZ, which was
responsible for gliotoxin production. High-performance liquid chromatography was used to detect gliotoxin in feed samples.

Results: Aspergillus was the most commonly identified genus (68.3%). Aspergillus fumigatus was isolated from 18.3% of
dairy feed samples. Only four of the 11 4. fumigatus isolates yielded detectable gliotoxins by HPLC. In total, 7/11 (43.7%)
feed samples tested had gliotoxin contamination above the threshold known to induce immunosuppressive and apoptotic
effects in vitro. The HPLC-based classification of isolates as high, moderate, or non-producers of gliotoxin was confirmed
by RT-PCR, and the evaluation of g/iZ expression levels corroborated this classification.

Conclusion: The identification of A. fumigatus from animal feed greatly depended on ITS and B-tubulin sequencing.
Significant concentrations of gliotoxin were found in dairy cattle feed, and its presence may affect dairy cow productivity
and health. Furthermore, workers face contamination risks when handling and storing animal feed.

Keywords: Aspergillus fumigatus, cattle feed, gliotoxin, gliZ, high-performance liquid chromatography, real-time
polymerase chain reaction.

Introduction this fungus through moldy feed are at risk of develop-
ing allergies, tremorgenic toxicosis, neurological dis-
orders, and potentially fatal systemic diseases [9, 10].
In ruminants, mastitis is caused by A. fumigatus, which
migrates to the lungs and supramammary lymph
nodes, causing respiratory symptoms, abortions, and
other clinical problems [11]. Aspergillus fumigatus
produces many secondary metabolites, such as fuma-
gillin, fumitoxins, fumigaclavines A and C, fumitrem-
orgins, gliotoxins, and fumiquinazolines [12—14], in
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Fungal growth is detrimental to human and ani-
mal health because it reduces the nutritional value
of food and feed and produces mycotoxins and
allergens [1-3]. The common thermophilic fungus
Aspergillus fumigatus has been detected in spoiled
animal feed [4-7]. Because A. fumigatus spores are
easily dispersed in air, they are a threat to animals and
humans [8]. Farmworkers who come in contact with
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as mixed disulfides when they react with exposed
thiol groups on proteins [15]. Their toxic effects are
exacerbated by high concentrations of functional ATP
molecules in target cells [16]. In vitro studies with
mammalian cell lines have demonstrated that gliotox-
ins promote both apoptotic and necrotic cell death, in
addition to mitochondrial toxicity [17]. Due to their
cytotoxic, genotoxic, and apoptotic effects, gliotox-
ins are believed to be virulence factors in 4. fumig-
atus [18-20]. The A. fumigatus genome contains 13
gli genes, all of which are likely involved in gliotoxin
generation [21]. The binuclear transcription factor
Zn2Cys6, encoded by gliZ, plays a crucial role in con-
trolling the expression of genes required for gliotoxin
production. Bok et al. [21] found that adding multiple
copies of gliZ to the A. fumigatus genome increased
virulence and gliotoxin production, whereas replac-
ing gliZ with a marker gene (AgliZ) reduced gliotoxin
production to undetectable levels and prevented other
gli cluster genes from being expressed.

A few studies have examined A. fumigatus
strains in the environment and animal feed, such as
silages [22, 23]. Recent studies have demonstrated
that cow feed contains gliotoxins. However, there is
little information on the prevalence of A. fumigatus
and its mycotoxins in other animal feeds [24, 25].

In this study, we aimed to isolate 4. fumigatus
from cow feed by estimating gliotoxin synthesis using
thin-layer chromatography (TLC) and high-perfor-
mance liquid chromatography (HPLC), as well as
evaluate the expression of g/iZ using a real-time poly-
merase chain reaction (RT-PCR).

Materials and Methods

Ethical approval
The study does not require ethical approval.

Study period and location

The study was conducted from January to April
2022. Samples were collected from farms and feed
stores in Qena Governorate. The samples were pro-
cessed at the laboratory of the Faculty of Veterinary
Medicine, South Valley University, Qena.

Sample collection and feed composition

In total, 60 samples of feed for dairy cattle were
obtained from dairy farms and feed stores in Qena
Province, Egypt. The feed contained 40% corn, 20%
soybean oil meal, 25% wheat bran, 5% rice polish,
5% bean hull, 2% molasses, 1% NaCl, and 2% vita-
min-mineral premix. For mycological analysis, the
feed samples were transported to the laboratory in
clean, sterile, and dry plastic bags. The samples were
stored at 4°C until use.

Isolation and identification of mold species

Mold was isolated as described by Askun [26],
with a few modifications. Briefly, dichloran rose
Bengal chloramphenicol (DRBC) medium was used
for culture, according to Samson et al. [27]. The
samples were ground into fine powder: 10 g of each

sample was mixed with 90 mL of 1% peptone water
and 0.1 mL aliquots were plated on DRBC media. The
DRBC plates were incubated at 25°C for 7-10 days.
Aspergillus fumigatus colonies were subcultured on
potato dextrose agar. Molds were identified based
on colony shape and color. Lactophenol cotton blue
staining was used to examine the form and branch-
ing of hyphae, shape of mold head, arrangement, and
shape of conidia under a microscope (Olympus comp.,
Model [CX31RTSF], Tokyo, Japan] at 100x and 400%
magnifications [28-30].

DNA extraction

DNA was extracted according to Liu et al. [31].
Fungal mycelia and spores were cultivated in 50 mL
of Sabouraud dextrose broth (CM0041; Oxoid, UK)
for 5 days. The broth was filtered to isolate DNA.
Different concentrations of mycelia and spores
(3—15 mg) samples were ground using liquid nitrogen
and mini-grinders (1632146; Bio-Rad, CA, USA) to
extract DNA from the broth. The mixture (grounded
mycelia and spores with liquid nitrogen) was combined
and incubated with 500 uL of lysis buffer (contain-
ing 40 g/mL of RNase A) (Fermentas, St. Leon-Rot,
Germany) for 10 min at room temperature(27°C);
mixed with 150 puL of potassium acetate, and centri-
fuged at 8000x g for 5 min. A fresh tube was used to
centrifuge the recovered supernatant. DNA was sep-
arated after 15 min of centrifugation at 14,000% g by
precipitation twice with 600 uL of ice-cold isopropa-
nol and 300 L of ice-cold ethanol (Bioline, London,
UK). DNA was reconstituted in 50 uL of PCR-grade
water and stored at —80°C. A nanophotometer (Implen,
Schatzbogen, Munich, Germany) was used to evaluate
DNA concentration and purity.
Polymerase chain reaction amplification and

sequencing of the internal transcribed spacer (ITS)
region and B-tubulin gene

For wuniplex PCR, 0.5 upL of extracted
DNA, 1.5 mM of MgCl,, 0.08 mM of dNTPs
(Promega, Madison, USA), 0.2 pmol/L of primers
(Table-1) [32-34], and 0.02 U of GoTaq DNA poly-
merase (Promega) were mixed in a final volume of
25 uL. The ITS region was amplified using PCR under
the following conditions: initial denaturation at 95°C
for 5 min; 30 cycles of priming denaturation at 94°C
for 30 s, annealing at 55°C for 30 s, and extension at
72°C for 1 min; final extension at 72°C for 10 min; for
B-tubulin: Initial denaturation at 94°C for 5 min, fol-
lowed by 35 cycles of initial denaturation at 94°C for
1 min, annealing at 68°C for 1 min, and extension at
68°C for 2 min. A 10 L sample of amplified DNA was
separated on a 1.5% agarose gel in 1x TBE, stained
with ethidium bromide, and analyzed under UV light.
The purified PCR products were sequenced on an
automated DNA sequencer (Applied Biosystems,
Thermo-Fisher-Scientific Co., USA) using PRISM
Big Dye Terminator V3.1 Cycle Sequencing Kit (Cat.
No. 4336917; Applied Biosystems).
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Table-1: Primers sequences used.

Gene Primer sequences 5'-3’ Size (bp) Reference
ITS ITS1: F-TCCGTA GGT GAA CCT GCG G 290 [32]
ITS4: R-TCC TCC GCT TAT TGA TAT GC
B-tubulin F- TTCCCCCGTCTCCACTTCTTCATG 537 [33]
R- GACGAGATCGTTCATGTTGAACTC
gliz F- ACGACGATGAGGAATCGAAC 177 [34]

R- TCCAGAAAAGGGAGTCGTTG

Phylogenetic investigation

We analyzed forward and reverse /7S sequences
and p-tubulin gene sequences from the isolates.
MegAlign software was used for sequence alignment
(DNASTAR, Window version 3.12¢ Madison, WI,
USA). The identity of the amplified /7S and B-tubulin
fragments in our isolates was verified against A. fumi-
gatus reference strains registered in GenBank (https://
blast.ncbi.nlm.nih.gov/). We created a phylogenetic
tree based on the nucleotide sequences of /7S and B-tu-
bulin in four randomly selected samples of A. fumiga-
tus. To preserve a maximum of 10 trees per replicate,
bootstrap support evaluations [35] were performed
using 1000 repetitions (each of which had 1000 repe-
titions of random sequence addition), equal weighting,
and tree-bisection reconnection branch transitions.

Uniplex PCR to screen gliZ in A. fumigatus isolates

Wizard Genomic DNA Purification Kit (Promega)
was used for DNA extraction as described by Liu
et al. [31]. For PCR, a reaction volume of 25 uL of
gliZ primer was used (Table-1). The reaction mixture
contained 5 UL of 10x reaction buffer without MgCl,
(Fermentas, USA), 0.5 puL of 10 mM dNTPs each
(Fermentas), 2.5 uL of 25 mM MgCl, (Fermentas), 1 U
of Taq polymerase (Fermentas), 1.5 uL of primers, and
10 ng of DNA at 4 uL. Distilled water was added to
reach a final volume of 25uL. The PCR reaction for g/iZ
included 35 cycles of 94°C for 30 s, 59°C for 1 min, and
72°C for 45 s. The amplified DNA (10 uL) was ana-
lyzed on a 1.5% agarose gel with 1x TBE, stained with
ethidium bromide, and visualized using a gel imaging
system (Wealtec, Dolphin-View, NV, USA).
Gliotoxin production and extraction from A. fumiga-
tus isolates

Aspergillus fumigatus strains were cultured in
autoclaved yeast extract-sucrose (YES) liquid medium.
Aspergillus fumigatus agar plugs (5 mm in diame-
ter), cultured on malt extract agar (MEA; CM0059B;
Oxoid, UK), were incubated for 7 d at 28°C in a
250 mL Erlenmeyer flask with 100 mL of YES. The
inoculated broth was filtered through a Whatman No. 1
filter paper. The filtrate was extracted by mixing it with
50 mL chloroform at 25°C. The chloroform fractions
were mixed and dried in a rotary evaporator set to
60°C. The dried extracts were dissolved in 200 uL of
methanol and stored at —70°C until use [36].

Gliotoxin extraction from cattle feed samples

Gliotoxins were quantified according to Boudra
and Morgavi [37]. The samples were dried for 72 h at

48°C in a forced air oven. Distilled water (10 mL) and
dichloromethane (40 mL) were added to flasks con-
taining 10 g of samples. The samples were incubated
in the solvent for 2 h at room temperature, agitated
by hand for 15 min, and filtered through a filter paper
(Whatman Inc., Clifton, USA). The filtrate was con-
centrated to 3 mL by evaporation under N, flow, and
the resulting dry residue was redissolved in 500 mL
of distilled water and methanol (1:1, v/v) for gliotoxin
identification.

Qualitative estimation of gliotoxins with TLC

All chemicals and gliotoxin standards were
purchased from Sigma-Aldrich, USA. Gliotoxin
standard (5 mg) was transported in sealed amber
bottles. For TLC analysis, 1 mL of gliotoxin stan-
dard was mixed with 1 mL of 100% methanol. The
mixture was stored in a deep freezer at —70°C for
solidification [38]. On silica gel plates, 10 uL of
chloroform extract and dissolved gliotoxin standard
were spotted at ~3 cm from the bottom. Thin-layer
chromatography plates were developed using a 5:4:1
mobile-phase solvent solution of toluene, ethyl ace-
tate, and formic acid. The plates were dried using
warm air and exposed to UV light at 366 nm to visu-
alize fluorescent chemicals [35]. The isolate that
produced the most amount of gliotoxin was located
using the relative flow (Rf) method. The spots were
located using the formula Rf value = distance moved
by the spot/distance moved by the solvent, and Rf
values were calculated for the sample and standard
gliotoxin [39].

High-performance liquid chromatography-based
quantification of gliotoxin

Gliotoxins were separated using a gradient sol-
vent system at room temperature on an Inertsil octa-
decylsilyl silica reversed-phase column (1,504.6 mm,
5 m). Glacial acetic acid (10 mL/L) was used as sol-
vent A and acetonitrile as solvent B. The solvent pro-
gram was run as follows: 10% solvent B, increased to
50% in 30 min, 90% in 4 min, and decreased to 10%
in 2 min, while maintaining a flow rate of 2 mL/min.
The retention of gliotoxin was assessed after 14 min
at 254 nm.

Validation of the HPLC method

The limit of detection and quantification
(LOD/LOQ) of HPLC was estimated by drawing a
calibration curve around the spiking standard with
the lowest concentration range, 500 ng/g (the lowest

Veterinary World, EISSN: 2231-0916

1638



Available at www.veterinaryworld.org/Vol.16/August-2023/8.pdf

range of concentration was used). Limit of detection
and LOQ were determined as described by Kortei
et al. [40];

LOD = 3 x standard deviation/slope

LOQ =3 x LOD

Recovery was assessed to determine the exact-
ness and precision of the analytical technique used
with the following equation:

Recovery = (mount found-mount sample)/mount of
stander spike x 100%

Total RNA extraction and cDNA synthesis

Total RNA was extracted using a Plant/Fungi Total
RNA Purification Kit (Norgen Biotek Corporation,
Germany). A NanoDrop 2000 spectrophotome-
ter (Thermo Scientific, Waltham, Massachusetts,
USA) was used to measure the quality and amount
of extracted RNA. cDNA was synthesized in a final
volume of 20 UL using PrimeScript RT Reagent Kit
from Takara Biotechnology (Dalian) Co., Ltd., China,
and gDNA Eraser (perfect real-time), according to the
manufacturer’s instructions. The cDNA products were
stored at —20°C until use.

Quantitative RT-PCR of gliZ

The expression of gl/iZ, relative to that of B-tu-
bulin, was evaluated using Bio-Rad iQ5 Multicolor
Real-Time PCR Detection System (Bio-Rad
Laboratories Inc., Hercules, CA, USA), as described
by Gardiner and Howlett [34]. Each reaction system
of 25 uL contained 12.5 uL of SYBR Premix Ex Taqll
(Tli RNase Plus, Takara, Japan) (2x conc.), 2 uL
cDNA template, 1 uL of each primer (20 pmol/uL),
8 uL of DNase-free water, and 0.5 uL of ROX as
a passive dye. The negative control lacked reverse
transcriptase. Real-time PCR included 40 cycles of
95°C for 30 s, 55°C for 30 s, and 72°C for 1 min,
followed by a final extension at 95°C for 10 min. All
reactions and melting curve analyses were performed
in triplicate. Real-time PCR was used to measure
the expression levels of the target genes using the
comparative computed tomography (CT) method. To
obtain the normalized CT value, CT values for each
gene were normalized against that of f-tubulin using
the equation below.

ACT = CT (gene of interest) - CT (housekeeping gene)

Statistical analysis

Statistical software (statistical package for the
social sciences v28, IBM, Chicago, USA) was used
to analyze data. A one-way analysis of variance was
used to determine control mean =+ standard error and
differences between means.

Results

Sixty dairy cattle feed samples were collected
and screened using mycological analysis methods.
Aspergillus spp. were the most frequently found in
41/60 (68.3%) samples (Table-2). Compared to farm
samples (63.6%), feed store samples had a higher
rate of positive isolates (73.6%) (Table-2). Among
the positive samples, 11 isolates (4 from farm feed
and 7 from feed stores) were determined to be
A. fumigatus. However, neither the collection source
nor the feed type used in dairy cattle feed differed
significantly. Therefore, all feed samples were con-
taminated with A. fumigatus, regardless of the source
and type of feed.

Four of the 11 A. fumigatus isolates identified
phenotypically (Figures-1 and 2) were chosen ran-
domly for molecular characterization to validate the
phenotypic diagnosis.

BLAST analysis  (https://blast.ncbi.nlm.nih.
gov) of the amplified /7S and B-tubulin sequences in
GenBank revealed that all the isolates belonged to a
single species (4. fumigatus). MegAlign in Lasergene
(version 7) was used to generate phylogenetic trees
and multiple sequence alignments using the neigh-
bor-joining method.

Phylogenetic trees generated from the ampli-
fied /TS sequences of the four isolates collected from
dairy cattle feed showed a high degree of similarity
(Figure-3a). The degree of identity and divergence
between our isolates and those published in GenBank
was determined. Aspergillus fumigatus isolates
OM662270, OM662271, OM662272, and OM662273
grouped with GenBank A. fumigatus reference strains
MH270599, 0K323247, KX664348, KX664376, and
KX664343 with 100% identity.

The phylogenetic analysis of B-tubulin not only
established the identity of our isolates as 4. fumig-
atus but also demonstrated how they differed from
other GenBank strains belonging to Aspergillus sec-
tion Fumigati (Figure-3b). Clade A was the largest
clade in the P-tubulin tree and contained several
members of section Fumigati. Based on sequence
divergence, these clades were classified as minor
subclades. In the first subclade, 4. fumigatus isolates
0Q631056, 0Q631057, 0Q631058, and OQ631059
clustered with A. fumigatus reference strains
MW478815 and MG991417, with identity ranging
between 98% and 100%. Further, subclades included
additional Aspergillus strains from section Fumigati,
such as Aspergillus lentulus FR851852, Aspergillus
Sfumisynnematus MW217711, and Aspergillus novo-
fumigatus FR775377; these strains grouped with
our isolates with an identity percentage range of
87.3%-90%.

PCR analysis of 11 4. fumigatus isolates revealed
that all isolates harbored gliZ at 177 bp (Figure-4).
Thin-layer chromatography and HPLC were used
to analyze gliotoxin production and determine the
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Table-2: Aspergillus fumigatus incidence (%) at different sampling locations.

Samples source

Aspergillus spp. isolated (n [%])

Aspergillus fumigatus relative density (%)

Dairy farms (n = 30) 19 (63.3)
Feed stores (n = 30) 22 (73.3)
Total (n = 60) 41 (68.6)

4 (13.3)
7 (23.3)
11 (18.3)

Figure-1: Macroscopical features of Aspergillus fumigatus cultivated on different media;
chloramphenicol (a), Potato dextrose agar (b), and Sabouraud dextrose agar (c).

Dichloran rose Bengal

um'*‘

Figure-2

L 2 b

toxicity of the A. fumigatus isolates. Thin-layer chro-
matography analysis demonstrated that gliotoxin was
produced by 3/11 (27.2%) isolates. However, HPLC
analysis showed gliotoxin production by 4/11 (36.3%)
isolates. Among the four positive isolates, one was
classified as a high producer and three as intermediate
producers. The remaining isolates were categorized as
non-producers.

The natural incidence of gliotoxin (ug/g) in cat-
tle feed was estimated using HPLC in 16 feed samples
chosen randomly. Of these, 7 (43.7%) feed samples
were highly contaminated with gliotoxin, with a mean
amount of 1.13 + 0.77 ug/g (Table-3) [41-43].

Validation was performed on the standard solu-
tion and feed samples. The limit of detection and
LOQ values detected from the calibration curve were
0.1515 and 0.500 ug/mL, respectively. Recoveries
ranged between 70.6% and 104%, with a correla-
tion coefficient = 0.999627 (Supplementary Table-1

A\' | P~

: (a-c) Microscopical image of Aspergillus fumigatus isolates.

shows the HPLC validation parameters for gliotoxin
determination.).

Traditional PCR showed that all 11 A. fumigatus
isolates had gliZ. However, TLC results revealed that
only three of the isolates produced gliotoxin, whereas
HPLC results showed that four of the isolates pro-
duced gliotoxin (Table-4).

Based on the HPLC results, three A. fumigatus
isolates were chosen — one as a high producer, one as
a moderate producer, and one as a non-producer — and
subjected to RT-PCR to determine ACT values of gliZ
expression (Figure-5). The ACT values ranged from
12.7 to —7.7. A low ACT value indicates low expres-
sion, and vice versa. Samples 20, 27, and 24 showed
the highest, moderate, and lowest or no expression,
respectively. Values were normalized against -tubulin
expression (Supplementary Figure-1 shows the ampli-
fication plots of RT-PCR system for the expression
level of gliZ gene in the three 4. fumigatus isolates).
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6 Aspergillus novofumigatus AB299411
16| 6 Aspergillus fumigatiaffinis AB299410
Aspergillus udagawae AB250781

y Aspergillus viridinutans NR_135409

s~ Aspergillus fumigatus OM662270
Aspergillus fumigatus OM662272
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1010 Aspergillus fumigatus KX664348
e Aspergillus fumigatus KX664376
Aspergillus hiratsukae NR_131310
36 go| Aspergillus fumigatus MH270599

0.386

67| ' Aspergillus fumigatus OM662273
8 Aspergillus fumigatus OK323247
Aspergillus fumigatus OM662271
Aspergillus ficuum AB573933

Aspergillus oryzae KX462996
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Penicillium eremophilum NG_074879

{ Aspergillus taiensis AY613936
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Aspergillus ochraceoroseus AY613935
Aspergillus viridinutans AF134780
Aspergillus udagawae AB248302

Aspergillus novofumigatus FR775377
Aspergillus fumigatiaffinis MK450913
Aspergillus lentulus FR851852

Aspergillus fumisynnematus MW217711
Aspergillus fumigatus 0Q631059
Aspergillus fumigatus 0Q631056
Aspergillus fumigatus MW478815
Aspergillus fumigatus MG991417
Aspergillus fumigatus 0Q631057

0.375

0.141

Aspergillus fumigatus 0Q631058
Aspergillus brevipes AF057311
Aspergillus hi AF057324

Aspergillus unilateralis EF669852

Aspergillus duricaulis  EF669827

Aspergillus parvisclerotigenus JX627691

m 0180

Aspergillus ficuum KF288128

Figure-3: (a) The phylogenetic tree of the entire nucleotide sequence of ITS obtained from Aspergillus fumigatus strains
isolated in this study compared with that of the reference strains obtained from GenBank. (b) Phylogram of S-tubulin
showing the phylogenetic relationships among the Aspergillus fumigatus strains isolated in this study and strains belonging
to section Fumigati and distinguishing the studied isolates from other Aspergillus spp.

Discussion

In this study, Aspergillus was found to be the
predominant fungal genus in dairy cattle feed. The
effects of fungus in maize grain, silage, and ani-
mal feed have been documented in other studies by
Adelusi et al. [44], Nasaruddin et al. [45], Cavaglieri
et al. [46]. Aspergillus fumigatus is a frequently
detected thermophilic fungus in contaminated animal
feed [47, 48]. Because 4. fumigatus spores can thrive
in many environments, they are easily dispersed in air
and contaminated feed and produce various mycotox-
ins [44]. The storage environment deters the growth
of aerobic fungi and favors the growth of organisms
such as A. fumigatus [49]. Our analysis revealed that

most 4. fumigatus isolates are present in feed stores.
Aspergillus fumigatus was identified using both con-
ventional and molecular methods. Although studies
have supported the morphological identification of
fungi to understand the evolution of morphological
characteristics, traditional methods are frequently
inaccurate at the species level and can be misleading
d to hybridization, cryptic speciation, and convergent
evolution [50-53].

Therefore, we used [7S sequencing and
tree-building techniques to confirm phenotypic identi-
fication and evaluate phylogenetic relationships [54].
Phylogenetic analysis revealed that our isolates were
100% identical to the A. fumigatus reference strains
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deposited in GenBank and originated from farm
feed and the environment. This provides informa-
tion regarding the source of contamination in cattle
feed [55].

BLAST analysis of GenBank sequences for the
amplified regions of f-tubulin revealed similarities
between our isolates and the A. fumigatus isolates reg-
istered with GenBank. Phylogenetic analysis distin-
guished our isolates from others belonging to section
Fumigati and other closely related species. Several
studies have used B-tubulin as a molecular marker to
distinguish A4. fumigatus from other closely related
species [56, 57]. In the genomics era, molecular tech-
niques have become indispensable tools for pheno-
typic analysis. Therefore, it is critical to use methods
that analyze /7S or B-tubulin regions to differentiate
between cryptic species that are believed to belong

177bp

Figure-4: The amplification profile of g/iZ gene in Aspergillus
fumigatus isolates. Lane (M): DNA ladder 100 bp, lane
(P): Aspergillus fumigatus positive control, lanes (17-22):
positive isolates, and lane (N) negative control.

ACT
15.0 T

100

5.0 - 2.9

-5.0 -

24

-10.0 7.7

Figure-5: The expression level of gliZ in the three studied
Aspergillus fumigatus isolates. The expression levels of the
three isolates showed ACT values ranging from 12.7 to —=7.7.
Alow ACt value indicates a low expression level, and vice versa.
Based on normalized values against B-tubulin expression,
samples 20, 27, and 24 showed the highest, moderate, and
lowest or almost no expression levels, respectively.

to the same complex and, thus, have almost identical
morphological traits [58].

Aspergillus fumigatus produces an extremely
toxic metabolite called gliotoxin [59]. We selected
YES medium for evaluating gliotoxin production
because Dheeb [60] and Hussain [61] found that for
gliotoxin production, YES was ideal, probably due
to its components, particularly carbohydrates (4%
sucrose as a source of carbon) and yeast extract (2%).

Various approaches have been used to identify
and quantify gliotoxins in domestic animal and pet
feed [62]. Thin-layer chromatography or HPLC and
immunological techniques have been used for glio-
toxin analysis [63, 64]. We used TLC and HPLC to
test gliotoxin production in A. fumigatus isolates.
Thin-layer chromatography revealed only three iso-
lates capable of producing gliotoxin, whereas HPLC
verified four isolates as gliotoxin producers, likely due
to the high precision and sensitivity of HPLC in the
identification and detection of mycotoxins [65—67].
Furthermore, the HPLC results revealed that A. fumi-
gatus isolates produced varying levels of gliotoxin,
with some isolates producing almost no gliotoxin; this
finding may be related to the degree of pathogenic-
ity or persistence of infection, as reported by Lewis
et al. [68]. To validate our method, several parameters
were measured, most important of which was recov-
ery. The result revealed that the recovery rate ranged
from 70.6% to 104%, which is considered acceptable
by Tamura et al. [69] who reported that good recov-
ery rates should be >70%. Although animal feed is a
major source of gliotoxin contamination, no gliotoxin
limits are recommended for the diets of pets or domes-
tic animals. Aspergillus fumigatus mycotoxins, such
as gliotoxin, are toxic to cattle and can cause deterio-
ration in health, protein deficiency, malnutrition, diar-
rhea, irritability, abnormal behavior, and in rare cases,
death [70]. Gliotoxins cause enterocyte apoptosis,
suppression of effective T-cell responses, and mono-
cyte apoptosis, leading to immune system dysfunction
[71]. However, studies have reported that gliotoxins
have immunosuppressive and apoptotic effects at con-
centrations <0.01 pug/mL [72]. In our study, HPLC
analysis revealed higher levels of gliotoxin (1.13 +
0.77 ug/g) (Table-3). Pereyra et al. [72] reported a
high incidence of gliotoxin in the feed of pigs, poultry,
horses, pets, and cattle.

A cluster of gli genes regulates gliotoxin produc-
tion in A. fumigatus. gliZ that is the most important,

Table-3: Gliotoxin extraction levels from Aspergillus fumigatus isolates and dairy cattle feed samples based on HPLC.

Source of gliotoxin Contamination Gliotoxin production level* Range Mean+SD
frequency

Aspergillus fumigatus 4 (36.3%) One high producer (13.6 ug/g) 4.14+6.326 ug/L

isolates (n = 11) Three moderate producers (0.55-1.50 ug/g)

Feed samples (n = 16) 7 (43.7%) High level (0.013-2.31 ug/q9) 1.13+0.77 pg/g

*The categorization of gliotoxin production levels (low/moderate/high) by Aspergillus fumigatus isolates follows Pena
et al. [41], Upperman et al. [42], and Watanabe et al. [43]. SD=Standard deviation, HPLC=High-performance liquid

chromatography
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Table-4: Screening for gliotoxin production by TLC, HPLC,
and PCR.

Sample ID TLC HPLC

17 + +
18 - -
19 - -
20 + +
21 - -
22 - -
23 - -
24 - -
25 - -
26 + +
27 - +
Total 3 4 11

TLC=Thin-layer chromatography, HPLC=High-performance
liquid chromatography, PCR=Polymerase chain reaction

PCR detection of gliZ

T

+

which is responsible for gliotoxin secretion and con-
trols the expression of other g/i genes [73]. According
to Mead et al. [74], A. fumigatus strains carrying gliZ
are more virulent and pathogenic than strains lacking
it. PCR analysis confirmed the presence of gl/iZ in
all 11 A. fumigatus isolates were assessed; however,
only four isolates were confirmed as gliotoxin produc-
ers by HPLC. This was attributed to the loss of gl/iZ
expression in some isolates. g/iZ is the main producer
of gliotoxin; however, several gli genes produce glio-
toxin and influence gliZ expression [74]. Therefore,
the inactivation of these genes by mutations or envi-
ronmental factors may affect gliZ expression.

Real-time quantitative RT is a sensitive, reliable,
and accurate method to identify mRNA in tissues.
This method detects and monitors fluorescent signals
generated during amplification, obviating the need for
post-PCR processing [75]. In our investigation, the
results of RT-PCR demonstrated that g/iZ expression
at the level of the three isolates confirmed the HPLC
findings in classifying these isolates as high, moder-
ate, or non-producers of gliotoxin. Real-time PCR has
been recommended by several authors for measuring
gliZ expression [76]. Nevertheless, there is limited
information on A. fumigatus and its mycotoxins in
animal feed. In cattle feed, gliotoxins can affect ani-
mal productivity and health. Furthermore, farm work-
ers who handle improperly stored animal feed face the
risk of contamination.

Conclusion

The identification of 4. fumigatus from animal
feed was greatly dependent on /7S and PB-tubulin
sequencing. Thin-layer chromatography, HPLC, and
RT-PCR analyses were used to confirm gliotoxin pro-
duction by these isolates. Significant concentrations
of gliotoxin were found in ready-to-feed cattle feed,
and its presence may affect dairy cow productivity and
health. Furthermore, workers face contamination risks
when handling and storing animal feed. In Egypt, var-
ious control measures, such as using varieties resis-
tant to fungal growth, improving drying and storage
conditions, and adding nanoparticles and natural oil in

feed components, were studied to inhibit mycotoxin
biosynthesis and prevent the growth of mycotoxigenic
fungi in animal feed. These strategies can reduce the
risk of mycotoxin on human and animal health.
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Supplementary Table

Supplementary Table-1: HPLC validation parameters for
gliotoxin determination

HPLC parameters

Intercept 15,084.27

slope 1,765.71

R? 0.999627
Regression equation Y = 15,084.27X + 1,765.71
LOQ 0.50

LOD 0.1515

Recovery 70.6-104
Accuracy 99.9 £ 0.311

Supplementary Figure

Fluorescence (dR)
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Supplementary Figure-1: Amplification plots of gliZ
gene expression for three isolates Based on normalized
values against B-tubulin expression, samples 20, 27, and
24 showed the highest, moderate, and lowest or almost no
expression levels, respectively.
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