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Abstract: Recently, nano-science is one of the most important fields. Production of
nanoparticles by using microbes is a new area of interest. Therefore , this study aimed
to synthesize nano-iron using Fusarium oxysporum by cell-free water extract method
followed Dby confirmation and characterization of nano-iron by UV-visible
spectrophotometry and electron microscopy. Reduction of iron ions to iron atoms was
visualized through the change in the color of the mixture from pink to dark brown color
with a peak at 226 nm corresponding to the Surface Plasmonic Resonance (SPR) of
nano-iron by UV-Vis Spectroscopy. Transmission Electron Microscopy (TEM) showed
spherical shaped nano-iron with a size range of 2.5 to 20 nm. The formation of a
typical crystalline structure of iron atoms was confirmed by Selected Area Electron
Diffraction (SAED). In conclusion, Fusarium oxysporum is an excellent bio-factory
replacing the conventional chemical and physical techniques.
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1.Introduction

Nanotechnology is defined as the study of
particles which are less than 100 nm in size.
Nanoparticles (NPs) either formed through
transfer of macro-sized material (bulk material)
to nano-sized particles by two methods; top-
down method or bottom-up methods [1]. The
features of nanomaterials over their macro-
scaled size exhibiting high quality in most of
valuable applications due to their new physical
and chemical characters [2]. In addition to that,
their unique physical and chemical properties,
they reported infrequent optical, photo
electrochemical and electronic properties [3].
The issues of the physiochemical methods used
for the production of nanomaterials as: short
time stability and safety problems can be
resolved by the use of other biosynthetic
procedures as the use of microorganisms. Either
extracellular ~ or intracellular  inorganic
substances can be produced by several
organisms [4]. Magnetite nanomaterials are
models of nanoparticles produced by
unicellular bacteria [5]. Using fungi in the
biosynthesis of nanomaterials was discovered
where fungi can produce a large amount of
enzymes inclusive in nanoparticles

biosynthesis. One of the requirements for the
advancing of  nanotechnology is the
development of new synthetic protocols for
synthesizing of nanoparticles with different
sizes, shapes and chemical composition. Green
nanotechnology uses biological systems as
microorganisms including bacteria, fungi, yeast
and plant extract in synthesis [6]. Several
physical and chemical methods including
mechanical milling [7], sodium borohydride
reduction [8, 9], solvo-thermal method [10],
and carbo-thermal synthesis [11,12] have been
employed for preparation of the nano-iron. Iron
nanoparticles which synthesized by these
methods rapidly agglomerate to form clusters
due to interparticle Vander Waals and magnetic
forces and may further undergo rapid oxidation
in the presence of oxidants thereby limiting
their reactivity [13, 14]. Furthermore, Nano-
iron could be biologically synthesized using
microorganisms such as Pleurotus sp [15], and
Sargassum muticum or by plant extract such as
an aqueous extract of Passiflora tripartite
mollissima fruit [16].
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The potential of iron nanoparticles (NPs) for
environmental remediation have been indicated
in many recent studies. Nanoscale materials
such as  nanoadsorbents,  nanocatalysts,
nanofiltration, and nanobiocides such as metal
and metal oxide nanoparticles are currently
being employed for remediation of water and
wastewater pollutants. Among these metallic
nanoparticles, nano-iron  (FeNPs)  have
promising advantages that can combat
environmental pollution [17]. This work was
undertaken to synthesize and characterize nano-
iron particles using Fusarium oxysporum.

2. Materials and methods
1- Culturing of- Fusarium oxysporum :

Fusarium oxysporum was donated from Dr.
Ashraf Elsayed, Botany Department, Faculty of
Science, Mansoura University, and tested for
the synthesis of nano-iron. Fusarium
oxysporum was cultured on PDA medium
(potato extract 200ml , glucose 20g, agar 20 g
in 1L d.H,O ) and incubated at 25 "C for five
days till sufficient fungal growth. The pure
fungus was maintained at 4 ‘C in slant for
further use [1].

2- Biosynthesis of Nano-iron By Fusarium
oxysporuum:

Fusarium biomass was obtained by growing
3-5 fungal agar discs in broth MGYP medium
(malt extract 3 g, glucose 10 g, yeast extract 3
g, peptone 5 gm in 1 L distilled H,0O). Broth
medium was sterilized in an autoclave at
121+1 °C for 15 minutes. After incubation time
at 28°'C, 180 rpm, the fungal biomass was
separated from medium components by
filtration, then extensively washed three times
by sterile distilled water for removing any
residue. To each 100 ml sterile deionized water,
20 g fresh fungal biomass immersed and
incubated at the same previous conditions (at
28°C, 180 rpm) for 24 hours. After that, the
cell-free water extract was obtained by
filtration through Whatman filter paper No 1.
To each 100 ml cell free water extract, 1ImM
carefully weighed FeCl; was added. The
mixture was incubated at 28°C, 180 rpm in dark
condition to prevent photo-oxidation of ferrous
ions. Control sample composed of cell-free
water extract free from iron ions.

3-Characterization of Fe-NPs:
3.1- Ultra Violet-Visible Spectral Study:

The initiatory detection of nano-iron was
estimated by optical observations or observing
the color change. These samples were later
submitted to visual measurements executed by
UV-visible scan spectrophotometer (Uni cam
UV-VIS). Spectral scan is one of the most
important techniques used to verify the
formation of nanoparticles that providing its
surface Plasmon resonance [10].

3.2-Transmission Electron microscopy:

TEM (JEOL JEM-2100, U.S.A) was used to
determine the size and shape of nanoparticles.
The TEM characterized by its high
magnification power, which reaches to million
and half million than the real size [19]. The
analysis was done by drop-coating of
nanocolloidal solution into carbon coated grid
(Type G 200, 3.05 ppdiameter, TAAP, U.S.A).

3.3-Selected Area Diffraction Pattern
(SADP) Analysis:

Selected Area Diffraction Pattern (SADP) is
a crystallographic experimental technique that
can be performed inside a transmission electron
microscope [18]. In this analysis a very thin
sectioned specimen nearly 100 nm and a high
energy electron volt (100-400 k.ev) were

required. Electrons will act as wave not
particle when interacting with analyzed
material. Atoms in the substrate will act as a
grating making diffraction of falling electrons,
so the diffraction pattern appears as a bright
spot. SADP is preferred in the analysis of
crystalline structure [20].

3. Results and Discussion

Fusarium oxysporum was tested for the
production of nano-iron,this fungus was grown
on PDA medium showing a characteristic
pinkish white color on aerial hyphae after 7
days at 25°C.

After 3 days, the biomass of Fusarium
oxysporum on MGYP medium at 28 C, 180
rpm obviously appeared as a reddish color
(Figure 1).

Mans J Biol. Vol. (43) 2019

42



Figure (1): Fusarium Oxysporum grown in
MGYP broth medium after 72 h, 28°C,180 rpm.
(A) control flask (MGYP medium without
inoculum) with a yellowish color. (B) Fungal
biomass with a characteristic reddish color.

fter incubation of the cell-free water extract and
FeCls, iron nanoparticles synthesized. The
visible change in color from pink to brown
color was recognized as an indicator for nano-
iron formation. This may happen due to a
gradual reduction of iron ions to zero state iron
atoms (Figure 2).

A B

Figure (2): Biosynthesis of iron nanoparticles
using Fusarium oxysporum. (A) cell- free
filtrate with iron ions after 72 hours. (B) cell-
free filtrate without iron ions (control).

2. Optical Properties of Synthesized nano-
iron:

2.1-U.V-visible Spectral Analysis:
Nano-iron particles produced by Fusarium
oxysporum were scanned by U.V-VIS spectra
ranging from 200 to 400 nm, a characteristic
peak at 226 nm was recorded. This peak is
considered as an indication for the presence of
the biosynthesized nano-iron (figure 3).
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Figure (3): UV-Vis spectral scan (from 200 -
400 nm) of nano-iron biosynthesized by
Fusarium oxysporum.

2.2- Morphology of Nano-iron by TEM

By using TEM microscopy, the morphology
and size of nano-iron particles could be
detected. The size of nano-iron ranged from 2.5
to 20 nm, and the shape was mostly spherical
(Figure 4).
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Figure (4): TEM micrograph of nano-iron
biosynthesized by Fusarium oxysporum.

2.3- Selected Area Diffraction Pattern
(SADP) Analyses:

After analysis of one drop from nanocolloidal
solution by SADP, the diffraction pattern of
nano-iron particles seemed as lighted spots on
the dark field, this pattern reflected the
crystalline structure of nano-iron and its
diffraction rings (Figure 5).

Figure (5): TEM micrograph of nano-iron
biosynthesized by Fusarium oxysporum .The
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micrograph showed the diffraction rings
containing irons atoms which appeared as
lighted spots.

Discussion

Nanoparticles are defined as small objects
with a size range of 10-100 nm [21]. The
biological method has been developed to obtain
a size-controlled nanoparticles, inexpensive,
not toxic so it is considered as an eco-friendly
technique [21].

The result presented here showed that, nano-
iron was produced by the tested Fusarium
oxysporum through the reduction of aqueous
ferrous (Il) FeCl3 solution of 1mM
concentration in the dark conditions. The
formation of nanomaterials was assured firstly
by the visual appearance of brown color
followed by UV-visible spectrophotometry
recording 226 nm absorbance peak. These
results were very close with some previous
studies in which iron oxide nanoparticles
recorded one peak at 222 nm [22] and another
iron nanoparticles formed by Pleurotus sp.
Recorded two peaks at 226 and 276 nm [15]. In
contrast, two absorption peaks of nano-iron
biosynthesized by Sargassum muticum aqueous
extract were introduced at wavelengths 402 nm
and 415 nm[ 16]. this shifts in peaks of
nanomaterials may be related to the size of
particles.

From TEM micrograph, the biosynthesized
nano-iron were mostly spherical shaped with
mean size 2.5-20 nm. Similar results obtained
from nano-iron biosynthesized by reduction of
ferric chloride solution with a green method
using brown seaweed (Sargassum muticum)
aqueous extract contains sulfated
polysaccharides as the reducing agent recording
18+4 nm size with cubic shapes [16].Also, iron
oxide nanoparticles biologically synthesized
using an aqueous extract of Passiflora tripartite
mollissima fruit showed a mean particle size of
spherical 22.3£3 nm [23].

Conclusion

Summering up, the obtained data from this
study showed that Fusarium oxysporum could
be used as a good source of reducing agents for
synthesis of nano-iron particles.
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