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HYDROXAMATE siderophores are low molecular weight, high-affinity ferric iron-
chelating compounds which are excreted by Aspergillus fumigatus for iron transport

extracellularly or iron storage intracellularly. Aspergillus fumigatus was isolated from different

samples, then siderophores were extracted from A. fumigatus by phenol, and diethyl ether, and

purified by amberlite XAD-16 resin. The chemical structure of siderophores was described by
H'NMR, ESI-MS/MS, and LC-MS/MS analysis. Also, antimicrobial activity was observed.
From the elution profile of siderophores, the major peak was at fraction 28. As a result of
H'NMR analysis, the singlets assigned to the -C=0-CH=C (CH3) C-substructure were detected.
The siderophore TafC had antibacterial activity against both G +ve and G -ve bacteria. Under

different concentrations of iron, it can be deduced that the concentration of 0.03 mmol of iron

at 20 hrs. incubation period was an ideal condition for mycelial fresh weight which positively

affected, so production of siderophores increased. From chemical analysis, it was found that

the chemical formula C,;H, FeN O, was consistent with the known siderophore N, N’, N”-

397758

triacetylfusarinine C (TafC).

Keywords: Antibacterial activity, Aspergillus fumigatus, ESI-MS/MS, 1HNMR, Hydroxamate

siderophores, LC-MS/MS.

Introduction

Aspergillus fumigatus is an atypical saprophytic
mold, which has become the most common
airborne fungal pathogen of humans causing
life-threatening invasive diseases, especially in
immunocompromised patients such as organ
transplant recipients and people with AIDS or
leukemia (Schrettl et al., 2007). The fungus is more
likely to be pathogenic, causing a range of diseases
generally termed aspergillosis. The most common
forms are allergic bronchopulmonary aspergillosis,
pulmonary aspergilloma, and invasive forms of
aspergillosis which cause fever, chills, shock, and

blood clots. A person may develop kidney failure,
liver failure, and death (Rokas et al., 2020).

Iron is required by living organisms for a variety
of biochemical reactions in the cells. Most iron is
found intracellularly in heme proteins and ferritin
and iron outside cells are tightly bound to proteins
(Oufet al., 2023). 4. fumigatus lack specific uptake
systems for host iron sources. A. fumigatus employs
two high—affinity iron uptake systems: reductive
iron assimilation (RIA) and siderophores—assisted
iron uptake, both are induced upon iron starvation
(Schrettl et al., 2007; Kradin & Mark, 2008).
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Siderophores are small, high—affinity iron-
chelating compounds secreted by A. fumigatus.
Siderophores are usually classified by the ligands
used to chelate the ferric iron. The major groups of
siderophores include catecholate, hydroxamates,
and carboxylates (Kesaulya et al., 2018).

A. fumigatus produces three hydroxamate-type
siderophores, extracellular fusarinine C (FSC)
and triacetylfusarinine C (TafC), and intracellular
ferricrocin (FC). The most prominent siderophore
was identified as triacetylfusarinine C followed
by ferricrocin, in addition to a hydrolytic product
of triacetylfusarinine C. A novel siderophore was
described, hydroxyferricrocin (HFC), employed for
conidial iron storage (Schrettl et al., 2007; Aguiar
et al., 2021). FSC and TafC mobilize extracellular
conidial and hyphal iron storage. The hyphal
siderophores ferricrocin plays an important role
in intracellular iron distribution and iron storage.
Conidial hydroxyferricrocin is of crucial importance
for conidial iron storage (Schrettl et al., 2010).

This study aimed to search to produce
siderophores from different strains of Aspergillus
fumigatus and screen their production using
different iron concentrations. Also, this work aimed
to examine the chemical structure of selected
siderophores by various chemical assays.

Materials and Methods

Isolation of Aspergillus fumigatus from different
sources

Eight samples from different sources were
used (Table 1), where the first four samples were
taken from different regions in Kafr EI-Sheikh
Governorate, sample 5 from the atmosphere of
New Cairo city, sample 6 from the mycology Lab.
at Cairo University, sample 7 from the atmosphere

of Cairo University and sample 8 from gardens at
Cairo University. Soil samples were processed by
two methods, soil dilution and soil plate methods on
two different media named Potato Dextrose Agar
(PDA) and Czapek’s Dox (CZA) (Rebecca et al.,
2013; Silambarasan & Abraham (2013). Samples
were incubated at 37°C for 5 days, then Aspergillus
fumigatus was isolated.

Identification of Aspergillus fumigatus

Isolates of A. fumigatus were grown on specific
media for identification: Malt Extract Agar (MEA),
Czapek’s Yeast Agar (CYA), and Czapek’s Dox
Agar (CZ) and incubated at 25°C for seven days
(Samson et al., 2004), then isolates were identified
macroscopically and microscopically according to
Nyongesa et al. (2015).

DNA preparation

To prepare samples for DNA extraction, isolates
of A. fumigatus were grown on liquid Czapek’s
Dox medium with shaking at 120 rpm at 37°C for
4 days, then mycelia were separated by filtration
and were used as follows: to each sample, 500uL
of extraction buffer was added according to Zhao
etal. (2001).

PCR amplification and DNA sequencing

The most productive fungal isolate was
identified using Internal Transcript Spacer (ITS).
The fragments which contain ITS1 and ITS2
of the ribosomal DNA (rDNA) complex were
amplified with primers ITS1, ITS2, ITS3, and ITS4
(ITSI: 5-TCCGTAGGTGAACCTGCGG-3";
ITS2: 5-GCTGCGTTCTTCATCGATGC-3";
ITS3:  5"-GCATCGATGAAGAACGCAGC-3';
ITS4, 5°-TCCTCCGCTTAT TGATATGC-3").
Primers ITS1, ITS2, ITS3, and ITS4 were used for
sequencing amplification in both directions (Zhao
etal., 2001).

TABLE 1. Samples from different sources (soil and air) [The first 4 samples were taken from different places in

Kafr El-Sheikh Governorate, where symbols r1, r2, r3, and r4 refer to different regions]

Sample Type Source

1 Agricultural soil (r1) Kafr El-Sheikh Governorate

2 Agricultural soil (r2) Kafr El-Sheikh Governorate

3 Agricultural soil (r3) Kafr El-Sheikh Governorate

4 Agricultural soil (r4) Kafr El-Sheikh Governorate

5 Air The atmosphere of New Cairo City
6 Air Mycology Lab. at Cairo University
7 Air The atmosphere of Cairo University
8 Soil Gardens at Cairo University

Egypt. J. Bot. 63, No. 3 (2023)
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Mycelial fresh weight

To screen the production of siderophores,
minimal medium (MM) was used iron two
conditions:  iron-deplete  condition  (zero
concentration of iron) and iron-replete condition
(at concentrations of 0.03 and 0.5 mmol of iron)
according to Alreshidi et al. (2019). For iron-
replete conditions, FeCl, was added to the iron
concentrations of 0.03mmol and 0.5mmol during
the preparation of MM. Freshly prepared spore
buffers were grown in each flask containing
100mL medium and were shaken at 200 rpm for
20 and 40h. at 37°C, then the filtrate was obtained
by filtration, and mycelia were used in fresh
weight detection (Haas et al., 2011).

Siderophores determination

Free and bound hydroxylamine (hydroxamate
siderophores) were estimated by using the
Csaky method where samples were measured
by spectrophotometer at 526nm (Ferreira et al.,
2019).

Extraction of extracellular siderophores

Extracellular siderophores were extracted
from filtrate with Phenol and diethyl ether (Haas
et al., 2011). The aqueous phase (colored phase)
concentration was measured by spectrophotometer
at wavelength 440 nm using a molar extinction
factor of 2996 (M-'cm™). There is another method
was used to measure triacetylfusarinine C (TafC)
(an extracellular siderophore) concentration in
the supernatant by using chloroform and diethyl
ether, TafC was measured using a molar extinction
factor of E=2996 M cm™ ' at 440nm (Misslinger
etal., 2018).

Purification of extracellular siderophores

FeCl, was added to the filtrate to a final
concentration of 1.5mM to convert de-ferri
siderophores to the ferri forms. These ferri forms
were purified by using amberlite XAD-16 resin
(CWG) according to Oberegger et al. (2001)
and were eluted with methanol. Fractions were
collected at equal volumes (1mL for each fraction)
and extracellular siderophores were measured
photometrically at 435nm.

Chemical  characterization of extracellular
siderophore (TafC)

Proton nuclear magnetic resonance ("H NMR)
analysis

The 'H NMR spectrum of the purified
siderophores was collected on an Inova 600

Mhz NMR spectrophotometer equipped with a
triplet resonance probe and triple-axis gradients
(Murugappan et al., 2011).

Electrospray ionization-Mass spectrometry/
Mass spectrometry (ESI-MS/MS) analysis
Metal-ligand complex was analyzed in an
ion trap MS instrument which involved a high-
resolution electrospray ionization (ESI) and
coupled Orbitrap Elite Mass spectrometer. The
analyzer of Orbitrap mass was operated in positive
ionization mode (Tsednee et al., 2016).

Liquid chromatography- Mass spectrometry/
Mass spectrometry (LC-MS/MS) analysis

LC-MS/MS analysis was performed where
separation of TafC was done using the reverse
phase C18 column (Li et al., 2012).

Antimicrobial activity of TafC siderophore

The antimicrobial activity of the tested isolates
was determined using a modified Kirby-Bauer
disc diffusion method (Erum et al., 2015). Strains
used in the work were divided into 3 groups:
Gram-positive and Gram-negative and fungi
(yeast-like and filamentous).

Results

Isolation and identification of Aspergillus
fumigates

Eight samples from different sources (soils
and air) were cultured to isolate Aspergillus spp.
and result in 26 fungal Aspergillus spp. distributed
as 4 isolates from each of samples 1, 2, and 4;
3 isolates from sample 3; 2 isolates from each
sample 5, 6, and 7, and finally 5 isolates from
sample 8. Seven Aspergillus species were isolated
from the eight samples as shown in Table 2.

The A. fumigatus isolate was identified on
a molecular level using ITS. The isolates showed
high identity with the 4. fumigatus (KM582649).
The sequence of the ITS region for the A.
fumigatus was done and it has a partial sequence
of 766 bp. The main structure of the sequence
was 18S rRNA. The phylogenetic relationship
between the intended A. fumigatus isolates and the
A. fumigatus (KM582649), A. flavus MT680658,
and A. oryzae MT680659 deposited in the gene
database. The results revealed that the intended
isolate was very related to that in database A.
Sfumigatus (KM582649) as shown in Figs. 1 and 2.
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TABLE 2. Isolation and identification of the isolates which resulted from different sources

Sample code” Type of sample Location Isolates
1A Aspergillus flavus
1B . . . Aspergillus fumigatus
Agricultural soil (r1) Kafr El-Sheikh Governorate .
1C Aspergillus terreus
1D Aspergillus clavatus
2A Aspergillus terreus
2B . . . Aspergillus flavus
Agricultural soil (r2) Kafr El-Sheikh Governorate ) .
2C Aspergillus fumigatus
2D Aspergillus niger
3A Aspergillus fumigatus
3B Agricultural soil (r3) Kafr El-Sheikh Governorate Aspergillus niger
3C Aspergillus ochraceus
4A Aspergillus fumigatus
4B A i1
Agricultural soil (r4) Kafr El-Sheikh Governorate sPergl. usﬂ‘?vus
4C Aspergillus niger
4D Aspergillus nidulans
SA Al Atmosphere, Aspergillus niger
ir
5B New Cairo city Aspergillus fumigatus
6A Aj Mycology Lab., Cairo Aspergillus ochraceus
ir
6B University Aspergillus fumigatus
TA Al Atmosphere, Cairo Aspergillus fumigatus
ir
7B University Aspergillus niger
8A Aspergillus fumigatus
8B ' Gardens, Aspergillus niger
8C Soil . . . Aspergillus clavatus
Cairo University .
8D Aspergillus ochraceus
8E Aspergillus terreus

*Sample Code: 1, 12, 13, r4 refer to different regions in Kafr El-Sheikh Governorate.

1 TTAGCATGGG ATAATGGAAT AGGACGTGCG GTTCTATTTT GTTGGTTTCT AGGACCGCCG
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Fig. 1. Partial sequence of ITS region of the fungal isolate A. fumigatus showing 18S rRNA
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0.0078084[100]

O A._flavus_MT686658 (1.3e-7)

O A._oryzae_MT6380659 (6.0113819)

0.0060379[100]

O A._fumigatus_KM582649 (1.2e-7)

QO A._fumigatus_TMME3 (6.0131524)

Fig. 2. Phylogenetic tree of the A. fumigatus TMMO08 with another Aspergillus spp. in the database (A4.
Sumigatus KM582649, A. flavus MT680658, and A. oryzae MT680659)

Mycelial Fresh weight

After 20 hrs of incubation, the results showed
that 4. fumigatus isolate 8A was the highest
production of mycelia under iron-depleted
conditions, while isolate 7A was the highest
production of mycelia under iron repleted
conditions. After 40h. of incubation, isolates 8A
and 3A were the highest production of mycelia
in the absence and presence of iron, while isolate
1B showed a remarkable increase in mycelial
fresh weight under iron conditions. The addition
of iron with 0.03 and 0.5mmol had a little
difference in the fresh weight of 4. fumigatus.

(Table 3).

Determination and extraction of extracellular
siderophores

According to the Csaky method, isolate (8A)
has the highest absorbance in the extracellular
siderophores (filtrate) followed by isolate (7A)
while the lowest absorbance was in isolate 3A)
(Table 4 and Fig. 3), but in the case of extraction
of filtrate (resulted from 20h. incubation) with
phenol and diethyl ether, isolate 3A was highest
in concentration while the lowest was isolate 1B

(Fig. 4).

TABLE 3. Mycelial fresh weight (g/100 ml) of different A. fumigatus isolates using different iron concentration

supplements after 20 h and 40 h incubation

Iron supplementation (mmol)

Isolate 0 0.03 0.5
No.

20h 40h 20h 40h 20h 40h
1B 0.82 4.96 7.16 7.06 6.13 7.87
2C 2.59 434 4.59 6.17 4.66 6.89
3A 3.39 6.2 6.23 8.82 5.79 8.84
4A 1782 3.72 4.41 5.29 436 5.89
5B 2.03 4.48 3.74 4.57 3.47 4.61
6B 2.07 4.03 3.67 5.73 3.72 6.39
7A 2.97 5.37 7.35 5.48 7.26 5.53
8A 37 8.95 6.35 9.14 6.65 9.22

Egypt. J. Bot. 63, No. 3 (2023)
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TABLE 4. Csaky method for detection of

extracellular siderophores

Isolate number Absorbance
1B 0.074
2C 0.062
3A 0.020
4A 0.026
5B 0.028
6B 0.027
TA 0.185
8A 0.376

o (o

Fig. 3. Color development of extracellular siderophore

in Csaky method (a) control, (b) Isolate 7A, and
(c) Isolate 8A

0.0002 -
3 0.00018 -
< 0.00016 -
0.00014 -
0.00012 -
0.0001 -

M/L

0.00008 -
0.00006 -
0.00004 -
0.00002 -

Siderophores concentration

1B

0 T T ‘ T | T | T | T T ‘ T
2C 3A 4A 5B 6B TA 8A

control
Isolates

Fig. 4. Quantification of the extracted extracellular siderophores from A. fumigatus

As a result of extraction with chloroform
and diethyl ether, isolate 8A was the highest
concentration of TafC while isolate 5B was the
lowest, in both chloroform and aqueous phases and
in the absence of iron. Isolate 1B was the highest
in concentration while isolates 4A and 5B were the
lowest, in the aqueous phase, at a concentration
(0.03mmol) of iron (Table 5).

Purification of extracellular siderophores (1afC)
Figure 5 showed the elution profile of the
extracellular siderophores (TafC). From the
profile, the major peak was at fractions 27-29 with
a maximum at fraction 28 (absorbance 0.98). In
this study, the chemical nature of the extracellular
siderophore N, N’, N”-triacetylfusarinine C was
examined by different techniques as follows.

Egypt. J. Bot. 63, No. 3 (2023)

'H NMR analysis

Purified TafC was quantified by absorbance
(e440= 2960M"' cm™). The singlets at 6.3 and
1.86 ppm which can be assigned to the -C=O-
CH=C(CH3)-C-substructure were detected. The
singlet at 1.83 ppm corresponds to the methyl
protons of the acetyl group(s) (Fig. 6).

ESI-MS/MS analysis

The major peak detected with the iron
isotope pattern had an m/z of 906.3304 which
has an isotopic profile that matches the formula
C,,H,FeNO, (Fig. 7) and Screening of iron-
containing compound in the fungal extract revealed
this to be the only that was detected. The iron-
chelated metabolite was detected in A. fumigatus

TMMOS isolate that was identified as virulent.
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TABLE 5. Production of extracellular siderophore triacetylfusarinine C (TafC) of different Aspergillus fumigatus
isolates using different iron concentration supplements after 20h of incubation

Isolat Chloroform (O.D.£S.D.) Aqueous (0.D.£S.D.)
solate

Iron supplementation (mmol)
no.

0 0.03 0.5 0 0.03 0.5
1B 0.23+0.003 0.0+0.0 0.0+0.0 0.18+0.004 0.047+0.001 0.0+0.0
2C 0.29+0.003 0.0+0.0 0.0+0.0 0.16+0.002 0.012+0.00 0.0+0.0
3A 0.24+0.003 0.0+0.0 0.0+0.0 0.13+0.002 0.011+0.00 0.0+0.0
4A 0.28+0.002 0.0+0.0 0.0+0.0 0.15+0.0007 0.010+0.00 0.0+0.0
5B 0.17+0.004 0.0+0.0 0.0+0.0 0.092+0.0007 0.010+0.00 0.0+0.0
6B 0.198+0.002 0.0+0.0 0.0+0.0 0.386+0.002 0.017+0.00 0.0+0.0
TA 0.87+0.003 0.0+0.0 0.0+0.0 0.42+0.004 0.015+0.001 0.0+0.0
8A 0.94+0.0007 0.0+0.0 0.0+0.0 0.50+0.006 0.0185+0.0007 0.0+0.0

1.0 ~
0.8 A
%3
=
s 0.6 -
=
e
204 -
<
0.2 4
0.0

1 234567 8 91011121314151617181920212223242526272829303132333435
fractions

Fig. 5. The elution profile of the extracellular siderophore extracted from the culture filtrate of A. fumigatus
using methanol as a mobile phase
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Fig. 6. NMR Spectra and Peak assignments of N, N’, N*’-Triacetylfusarinine C taken in CD30OD on an Inova 600Mhz
NMR [The doublet at 4.4 ppm with a coupling constant of 6.0Hz can be assigned to the -NH-CH2 group]
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Fig. 7. Positive mode ESI pattern of [M+H] ion of C, H_FeN O, which

O, shows the unique pattern indicating the

presence of Fe, Isolation, and identification of N, N’, N”-triacetylfusarinine C as a predominant siderophore

of A. fumigatus

LC-MS/MS analysis

Examination of the nonchelated precursor
ion’s MS/MS fragmentation pattern at m/z
853.4123 revealed two neutral losses of 284.135
Da, leaving a product with an m/z of 285.1421.

(Fig. 8).

Antimicrobial activity of the extracellular
siderophore TafC

The results in Table 6 showed that the

siderophore TafC had antibacterial activity against
both G +ve and G -ve bacteria whereas S. aureus
was more susceptible to TafC in G +ve and P,
aeruginosa was more susceptible to TafC in G -ve
bacteria. The antifungal activity of TafC against 4.
flavus and C. albicans showed no activity which
may be due to its fungal origin. The antifungal
antibiotic amphotericin B showed considerable
activity against the two fungal species used.

100, 1310806
114,0544
3
g 173.0908
3 285,1421
c
3
E
<50+
2
%} 267.1317
-4
O m/z=284.1354 A m/z=284.1348
I 379.1834 457.2257 551.2673 | 569.2775
o 4 e L1 i ' 8534123
0 260 200 &0 00 Vi

Fig. 8. MS/MS of unbound N, N’, N”-triacetylfusarinine C. Stepped 25/55 NCE MS/MS spectra of unbound N, N’,
N”-triacetylfusarinine C [Diagnostic product ions of an m/z of 285.1421 and 569.2775. NCE, normalized

collision energy]
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TABLE 6. Antibacterial activity of the extracellular siderophore TafC

Sample Inhibition zone diameter (mm)

Gram-Positive

Gram-Negative

Bacillus subtilis Staphylococcus aureus

Escherichia coli Pseudomonas aeruginosa

Ampicillin
26 21 25 26
(10pg/mL)
TafC
9 10 9 10
(10pg/mL)
Discussion complete absence regardless of incubation time.

The soil is a rich habitat for the growth of
microorganisms more than any other microbial
habitat. Among these microorganisms, fungi are
one of the dominant groups present in the soil,
which represents the main reservoir of fungi
(Rane & Gandhe, 2006). In this work, samples
from different sources (soils and air) were
cultured to isolate Aspergillus spp. and result in 26
fungal Aspergillus spp. Aspergillus isolates were
selected in each sample according to matching the
distinguishing characteristics of Aspergillus spp.

As a result of identification, it was found
that 7 Aspergillus species were isolated from the
eight samples. Aspergillus fumigatus followed
by Aspergillus niger is the most distributed and
where Aspergillus fumigatus was found in all
isolated samples, but Gautier et al. (2016) show
different results wherein Aspergillus fumigatus
followed by Aspergillus flavus are the most
frequent species involved in human disease.

In this work, the 4. fumigatus isolate was
identified on a molecular level using ITS. The
results revealed that the intended isolate was
very related to that in database A. fumigatus
(KM582649) because all Aspergillus species have
the specified sequence of ITS region which is
used in molecular identification and this matched
with Diba et al. (2019) which he shows that
forward and reverse primers were used to amplify
Aspergillus 1TS regions and amplified ITS frag-
ments of Aspergillus sp. were checked by using
agarose gel electrophoresis where all species
make the same size PCR bands.

In this work, after incubation for 20, 40h. and
shaking with 200 rpm at 37°C, it was obvious from
the experimental results that nearly all Aspergillus

fumigatus isolates used in this study manifested
more growth as fresh mycelia weight under a
scarcity of iron (0.03mmol) than in case of its

The addition of iron with 0.03 and 0.5mmol had a
little difference on the fresh weight of 4. fumigatus,
so the concentration of 0.03 mmol of iron at 20h.
only was used in the next experiments, also these
conditions were ideal for the growth of fungi and
subsequently effect on fresh weight mycelia were,
fresh weight directly proportional to increase in
iron concentration(0 and 0.03mmol), these results
matched with Wiemann et al. (2014) who show
that addition of different concentrations of iron in
for 24h. at 37°C at 250 rpm cause increase in dry
weight of A. fumigatus. Also, Baldin et al. (2015)
proved that dry mycelial weight of A. fumigatus
in the case of iron-replete liquid medium (medium
contained 30uM FeSO,) at 37°C for 16h. is higher
than dry mycelial weight (g) in case of iron-
depleted conditions (medium contained OuM
FeSO,) at the same conditions.

In this study, the Csaky method was used
to estimate free and bound hydroxylamine
(hydroxamate siderophores). Based on the Csaky
method results, it seemed that 4. fumigatus
isolates used in this study were capable to
synthesize  hydroxamate siderophores and
producing both extracellular and intracellular
siderophores, but they all produced more amounts
of intracellular siderophores. This study was
compatible with Khan et al. (2017) who found
that A. fumigatus produces two extracellular
fusarinine-type siderophores as well as two
intracellular ferrichrome-type siderophores. Also,
Chowdappa et al. (2020) indicate the production
of hydroxamate siderophores by endophytic fungi
by using the Csaky assay which recorded the
presence of hydroxamate type of siderophore by
the development of deep pink color.

In this work, extracellular siderophores were
extracted with phenol and diethyl ether, and
siderophores concentration was measured by
spectrophotometer at wavelength 440 nm using
a molar extinction factor of 2996 (M, cm™).
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This work matched with Osman et al. (2019)
who showed that the extraction of hydroxamate
siderophores from Aspergillus niger was take
place by using phenol-chloroform and diethyl
ether, but not matched with Patil et al. (2021)
which revealed that hydroxamate siderophores
from different 4. fumigatus strains were extracted
with ethyl acetate and methanol. As well, in this
work, triacetylfusarinine C (TafC) was extracted
with chloroform and diethyl ether under the same
conditions as above, and these results matched
with Pahlow et al. (2020) who revealed that
extraction of TAFC took place by addition of a
1:1 mixture of chloroform and diethyl ether.

At present work, siderophores were purified
from culture supernatants by XAD-16 resin and
this work was compatible with Wu et al. (2021)
who showed that siderophores were purified from
filtrates of fungal strains by Amberlite XAD-16
resins but was incompatible with Maglangit et
al. (2019) where they showed that siderophores
were purified by reversed-phase C18 High-
Performance Liquid Chromatography (HPLC).

In this study, the chemical nature of
the extracellular siderophore N, N’, N”-
triacetylfusarinine C was determined by different
analyses such as 'H NMR where the isolated
compound was confirmed by comparison to
previously acquired spectra of TafC and ESI-
MS/MS analysis in which the chemical formula
C,,H FeN O, was consistent with the known
siderophore N, N’, N”-triacetylfusarinine C
(TafC) and finally LC-MS/MS analysis was
used to characterize the chemical structure. This
study matched with Kiigler et al. (2020) who
characterized a novel siderophore produced from
the bacterium Pseudomonas species by NMR
analysis, also matched with Acquah et al. (2020)
who show those hydroxamate siderophores
produced by Actinomycete Kribbella speibonae
SK5 were characterized by High Resonance
Electrospray  ionization-Mass  spectrometry
(HRESIMS) (positive mode). In addition to
that, Jarmusch et al. (2021) revealed that high-
resolution LC-MS/MS was used for the structure
elucidation of hydroxamate siderophores
produced from Streptomyces spp. S29.

In the present study, the antimicrobial activity
of the extracellular siderophore TafC was carried
out using inhibition zone diameter and results
showed that TafC had antibacterial activity, these
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results matched with Chowdappa et al. (2020)
who revealed that the antibacterial activity of
siderophores produced by Endophytic fungi was
determined by a disc diffusion assay where the
results proved that the siderophore exhibited the
highest zone of inhibition on plant pathogens.
Essential oils have been used as antifungal agents
against A. fumigatus (Abd El-Zaher et al., 2019).

Conclusion

From molecular identification, it was concluded
that the intended isolate was very related to A.
Sfumigatus (KM582649) which is present in the
database. It can be deduced that the fresh weight of
mycelia increased at a concentration of 0.03 mmol
ofiron and 20 hrs. incubation period, subsequently,
consequently, the production of siderophores
increased. From chemical analysis, it was found
that the chemical formula C, H, FeN.O, _ was
consistent with the known siderophore N, N, N”’-
triacetylfusarinine C (TafC). It was revealed that
TafC had antibacterial activity against both G +ve
and G -ve bacteria.
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