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ARTICLE INFO ABSTRACT

Article History: Nanotechnology is a developing field of research that focuses on
Received: July 24, 2024  manipulating the structure of matter at the atomic and molecular level.
Accepted: Aug. 11, 2024  Twenty-two bacterial isolates were isolated from five contaminant sites of
Online: Aug. 21, 2024 wastewater, sludge, and soil in Basrah Governorate. The isolates were
identified by 16S rRNA gene sequencing analysis. The isolated bacteria was

investigated to reduce nitrate and screen for production of iron oxide
nanoparticles (IONPs) by determining the weight of yield for each isolate,
and measuring the absorbance by using UV-Vis spectrophotometer. The
results of genetic identification showed that bacterial isolates belonged to
the genera of Alishewanella, Stutzerimonas, Mixta, Pantoea, Leclercia,
Citrobacter,  Bacillus,  Franconibacter,  Enterobacter,  Shigella,
Lysinibacillus, Halotalea, and Enterobacteriaceae. Depending on the 16S
rDNA gene sequences, the phylogenetic tree was built to show the
evolutionary relationships between the isolated bacteria. Nine new strains
were recorded in the GenBank. All bacterial isolates were positive to nitrate
reduction test and the color of the medium changed from pale yellow to
brown or reddish brown indicating the reduction of iron salt FeCI3.6H20 to
IONPs, moreover the range of absorbance was between 342-457nm. The
weight of IONPs synthesis ranged from 0.02 to 0.702g/ I. Alishewanella
jeotgali KCTC 22429, Leclercia adecarboxylata strain V894, and
Lysinibacillus boronitolerans strain Mix24 achieved the highest rate of
production of IONPs 0.702, 0.5 and 0.46g/ |, respectively. The abundance of
diverse bacteria suggests that they possess an inherent ability to function as
viable bio factories in the creation of nanoparticles.

INTRODUCTION

Keywords:

16srDNA sequencing,
Synthesized IONPs,
Contaminated sites,
Basrah Governorate

The petroleum refinery effluents are generated as a result of the crude oil
processing. It consists of hazardous substances, including heavy metals, polycyclic
aromatic hydrocarbons (PAHS), and total petroleum hydrocarbons (TPH) (Almutairi,
2024). The conditions such as high pressure, high temperatures, high salt content, and
little water activity in oil field reservoirs, prevent many bacteria to survive there
(Pannekens et al., 2019). Several significant bacterial species were isolated and
identified in oil-contaminated soil that have the ability to biodegrade petroleum. These
species include Vibrio Xanthomonas, Bacillus sp., Aeromonas sp., Acinetobacter sp.,
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Flavobacterium sp., Micrococcus sp., Staphylococcus sp., and Pseudomonas sp. (Abdul-
Ameer, 2019).

Nanotechnology is an important field of research that focuses on supramolecular
level, namely within the range of 1 to 100 nanometers. This manipulation is done to
create specific qualities and functionalities, as well as for various applications (Elfeky et
al., 2020). Metal oxide nanoparticles have garnered significant interest as a result of their
distinct and atypical physical and chemical characteristics (Alhalili, 2023). Metal oxide
nanoparticles are highly significant due to their crucial involvement in various domains,
including information technology, material chemistry, biomedical sciences, medicine,
agriculture, electronics, optics, catalysis, environmental studies, and energy research
(Ene et al., 2020). Reducing the dimensions of nanoparticles enhances their surface area,
modifies their magnetic, chemical, and electrical properties, and alters the features of
metal oxide nanoparticles (Ahmad et al., 2022).

Iron oxide nanoparticles (IONPs), a type of metal oxide nanoparticles, exhibit
many shapes and possess distinct features (Ustiin et al., 2022). Iron can be found in
several forms, including wustite (FeO), maghemite (gamma-Fe203), magnetite (FesOa),
and hematite (alpha-Fe203). In addition, the presence of greigite (FesSa4), ferrihydrite
(FesOHsx4H:0), akaganeite (beta-FeOOH), goethite (alpha-FeOOH), and lepidocrocite
(gamma-FeOOH) has been detected. Magnetite, hematite, maghemite, and greigite
exhibit ferrimagnetic qualities, while ferrihydrite, wustite, and goethite display
antiferromagnetic traits. Akaganeite nanocrystals exhibit low magnetic properties. Out of
all the other types, only magnetite and maghemite nanoparticles possess useful properties
(Gorobets et al., 2017).

Iron oxide nanoparticles may be produced using many methods, including
sonochemical reactions, thermal decomposition, hydrothermal applications and biological
methods (Nadeem et al., 2021; Samrot et al., 2021). Biological approaches for
synthesized metal and metal oxides are considered the most desirable due to their safety,
cost-effectiveness, and straightforward synthesis methodology (Shafey, 2020). The
production of IONPs by biological processes may be classified into two main categories.
The first category includes the use of microorganisms, including algae, bacteria, and
fungi, as reducing agents. The second category is using plant extracts as both reduction
and stabilization agents (Salem et al., 2019; Yew et al., 2020). The utilization of
microorganisms for the synthesis of IONPs has garnered significant interest in recent
decades due to its benefits over traditional physical and chemical synthesis methods.
These benefits include the plentiful availability of microorganisms, the creation of less
harmful byproducts, the consumption of lower amounts of power and energy due to
synthesis occurring at room temperature, and the ability to handle large-scale
manufacturing (Park et al., 2016). Bacteria have been used to produce IONPs via
extracellular or intracellular processes.

The intracellular mechanism entails the enzyme-mediated reduction of metal ions or
metal oxide ions by electrostatically attaching them to the cell wall of microorganisms.
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The ions then permeate into the cell and interact with enzymes, resulting in the formation
of IONPs (Mukherjee, 2017). The extracellular method involves the enzymatic reduction
of iron ions, resulting in the formation of nanoparticles (NPs) that have a tiny size
distribution and are well disseminated. These NPs are stabilized and prevented from
clumping together by genes, peptides, or proteins that act as reducing agents (Singh et
al., 2016). The biosynthesis of IONPs using bacterial supernatant such as B. circulans, E.
coli, Lactobacillus fermentum, B. subtilis, B. cereus, and Pseudomonas aeruginosa which
is considered a cost-effective and environmentally friendly alternative to conventional
synthesis methods (Sundaram et al., 2012; Crespo et al., 2017; Fatemi et al., 2018;
Fani et al., 2018; Hassan & Mahmood, 2019; Rabani et al., 2023). Therefore, this
study aimed to investigate the bacterial diversity in different contaminated sites aligned
with screening the bacteria for the synthesized iron oxide nanoparticles.

MATERIALS AND METHODS

2. Sample collection

Seven samples were collected from various contaminated environments, including
wastewater, soil, and sludge. These samples were taken from the Al-Shuaiba Refinery, as
well as from the washing and lubrication station in Zubair, Qurna, and Jazira.
Additionally, soil samples were collected from the beach in Qurna. The sampling period
spanned three months, from November 2022 to January 2023, as shown in Table (1). The
five sampling locations are depicted in Fig. (1). Soil samples were collected at a depth of
5cm using a sterile spatula and transferred to sterile containers. Sludge and 500ml
wastewater samples from the remediation basins at Al-Shuaiba Refinery were collected
using sterile containers. All samples were then transported to the laboratory for
examination.
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Fig. 1. Map showing study sites and samples sites from Basrah Governorate, southern
Iraq
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Table 1. Site of samples collection

Code of Name of location Type of sample
location

HA Remediation basins of Al-Shuaiba Refinery wastewater

HB Al-Shuaiba Refinery Soil

HC Al-Shuaiba Refinery sludge

HD Washing and lubrication station of Zubair Soil

HE Beach of Shatt Al -Arab Soil

HF Washing and lubrication station of Qurna Soil

HR Washing and lubrication station of Jazira Soil

2. Isolation of bacteria

One milliliter of wastewater sample was mixed with nine milliliters of sterile
distilled water, and further diluted to a concentration of 10-°. The mixture was then spread
out onto nutrient and MacConkey agar plates and incubated at 37°C for 24h. One gram of
soil and sludge samples were activated with 100ml of nutrient broth, and shaken for 1h,
then diluted to a 107 concentration and cultured according to the previous steps. In order
to get pure isolates, the various samples were recultured on a nutrient agar using streaking
methods. The bacterial isolates were checked for purity by Gram staining, then
maintained on nutrient agar slants.

3. Molecular identification of bacterial isolates
DNA extraction and PCR amplification

The extraction of the DNA from the bacteria was employed according to
instruction Presto™ Mini g DNA bacteria kit (Geneaid, Taiwan). The 16S rDNA gene
was amplified by PCR using universal primers 27F (5-
AGAGTTTGATCCTGGCTCAG3) and 1492R (5- GGTTACCTTGTTACGACTT-3). In
order to amplify the target 16S rDNA gene, the PCR procedure involved denaturation at
96°C for 3 minutes, followed by 27 cycles of denaturation at 96°C for 30s, annealing at
56°C for 25 seconds, elongation at 72°C for 15 seconds, and lastly, elongation at 72°C for
10 minutes The PCR products were measured using gel electrophoresis, and a UV
transilluminator was used to visualize and capture photos of them alongside a DNA
ladder (Intronbio, South Korea) serving as a marker (Miyoshi et al., 2005).
4. ldentification of bacterial isolates and analysis the sequence data

The PCR product purification and sequencing was made in Macrogen Company
(South Korea). The chromas were used for the purpose of proofreading the acquired 16S
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rDNA gene sequences. The bacterial species were identified by Basic Local Alignment
search tool (BLAST) that belongs to the National Center for Biotechnology Information
(NCBI)“http://www.ncbi.nlm.nih.gov”.The sequence results were copied and pasted in
the “BLAST”, then the program identified the bacterial species by comparing and
alighning their sequences with nucleotide sequences databases of NCBI. Additionally, the
phylogenetic tree was constructed using MEGA X (Kumar et al., 2018).
5. Screening isolates for extracellular biosynthesis of IONP
1. Nitrate reductase test

The nitrate reductase test was achieved as described by Bhusal and Muriana (2021).

2. The alterations in the color of mixture

The bacterial inoculum was prepared by activating bacteria in nutrient broth,
which was then incubated in a shaking incubator at 150rpm and 37°C for 24 hours. After
activation, 5% of the culture was used to inoculate 100ml of fresh nutrient broth, which
was also incubated at 150rpm and 37°C for 24 hours. Following incubation, the bacterial
culture was centrifuged at 4,000rpm for 10 minutes. The supernatant was transferred to a
new flask and used for the synthesis of iron oxide nanoparticles (IONPs). A 2mM
FeCl;-6H20 solution was mixed with the bacterial supernatant in a 1:1 ratio and
incubated at 150rpm and 37°C for 2 days. The color of the supernatant was visually
monitored for any changes during IONP production. A color change from light yellow to
brown or reddish brown indicated a positive result.

3. Measurement of light absorption in bacterial culture supernatants

Following the incubation duration, in order to check the presence of IONPs in
supernatant of various strains, each reaction mixture that became dark or reddish-brown
had two milliliters removed and put into quartz cuvettes. The absorbance in the 200—
800nm region was measured using the Dual Beam UV-Vis 1900 Spectrophotometer
apparatus (Shimadzu, Japan) (Valentina, 2022).
4. Weight of the synthesized IONPs

After measuring the absorbance, the samples were subjected to centrifugation at a
speed of 10000rpm per minute for a duration of 10 minutes using a centrifuge (Gemmy,
Taiwan). The liquid portion above the sediment, known as the supernatant, was then
discarded. The next step included dispersing the IONPs, or iron oxide nanoparticles,
using deionized water. This procedure was conducted on three separate occasions. The
purified precipitates were desiccated by exposure to ambient air, then collected in the
form of powder, and measured in terms of weight (Singh et al., 2018).



1900 Al-assdy et al., 2024

RESULTS

The results showed that a total of twenty -two pure bacterial isolates were obtained
in the current study, five pure bacterial isolates from wastewater (HA) and soil (HB), one
from sludge (HC) and soil (HE), four from soil (HD) and (HF) and two from soil (HR).
The results of the Gram- staining procedure indicated that 77.3% of bacterial isolates
were Gram- negative, and 22.7% were Gram- positive, as shown in Fig. (2). Gram
staining revealed that 100% of bacteria isolated were Gram— negative in wastewater (
HA), sludge (HC), soil (HD), and soil (HR), whereas samples of soil (HB), (HE), and
(HF) were 20% Gram- positive and 80% Gram-— negative, 100% (Gram -positive), and
75% (Gram -positive), and 25% (Gram — negative), respectively.

A(Gram stain) B(Gram stain of bacteria for study stations )
120
100
22.70% 80 I_I
e 60
77.30% 40
20
X . B B [
HA HB HC HD HE HF HR
gram negative _Igram positive {Gram -positive M Gram -negative

Fig. 2. (A) Total percentage of Gram- positive and Gram-negative bacteria at all stations;
(B) Gram staining of bacteria at different study stations

1. Identification of bacterial isolates by 16S rDNA gene sequencing

The electrophoresis of the 16S rDNA gene PCR findings for all bacterial isolates
was seen using a UV transilluminator. The gene was located at about 1500 base pairs, as
shown by the DNA ladder in Fig. (3). The BLAST software was used to scrutinize and
align the DNA sequencing outcomes of isolates with their corresponding reference strains
in the GenBank .After alignment with other 16S rDNA sequences, the degree of
similarity of isolates was 96.39— 100% to references strain. The 16S rDNA gene
sequencing of all bacterial isolates revealed that the isolates belong to 13 different genera,
as shown in Table (2). They belong to Alishewanella, Stutzerimonas, Mixta, Pantoea,
Leclercia citrobacter, Bacillus, Franconibacter, Enterobacter, Shigella, Lysinibacillus,
Halotalea, and Enterobacteriaceae.
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—1,000

Fig. 3. The electrophoresis of the 16S rDNA gene reveals the presence of amplified
genomic DNA obtained from bacteria

Table 2. Identification of bacterial isolates by 16SrDNA gene sequences

Isolates Closet specie Identity  Accession
Samples
code % no.
HAS5  Alishewanella fetalis strain KD 99.93% MNB809397
167
HA6  Stutzerimonas stutzeri strain 99.93%  KT986148
Xmb018
HA HA7  Alishewanella agri strain ZJY-583  99.35%  KP282808
HAS8 Stutzerimonas stutzeri strain 100% MH169303
WAB2185
HA9  Stutzerimonas stutzeri strain 100% MT261835
IRQNWYF2
HB4 Mixta theicola strain SSK_C8 99.93%  MZzZ357957
HB5  Pantoea alhagi 100% MW296119
HB6 Leclercia adecarboxylata strain 99.91%  OR431468
HB V894
HB7  Citrobacter sedlakii strain 100% MT507093
Remi_14
HB8  Bacillus paramycoides strain 3664 100% MT538528
HC3  Alishewanella jeotgali KCTC 99.35% NR_116459
HC
22429
HD3  Franconibacter daqui strain L17 100% OK509193
HD HD4 Enterobacter hormaechei strain 100% OP288194
WG12L-2G-A

HD5  Shigella sonnei strain 08BF03TD 100% KX146471
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HDG6 Enterobacteriaceae bacterium 100% EF088377
v450
HE?2 Lysinibacillus boronitolerans 100% MH385002
HE L
strain Mix24
HF2 Bacillus cereus strain SPA1.1 99.91% MKG694742
HF3 Lysinibacillus macroides strain 100% MT218365
HE SKC-16
HF4 Lysinibacillus boronitolerans 100% MH385002
strain Mix24
HF5 Halotalea alkalilenta strain AW-7 96.39% NR_043806
HR2 Enterobacter cloacae strain 100% KX266259
HR UKMEO1
HR3 Enterobacteriaceae bacterium 99.72% EF088377
v450

Out of 22 isolates, 9 isolates were recorded as new strains and deposited to the
GenBank database under the accession numbers (OR885474, OR890431, OR885475,
OR885469, OR885470, OR885471, OR890436, OR957372, and OR957409), as shown in
Table (3).

Table 3. The bacterial isolates characterized as new bacterial strains

Isolates . . Identity Accession
Samples New bacterial strains no. of new
code % .
strain

HAS5  Alishewanella fetalis strain HAQ12 99.93% OR885474

HA HAG6  Stutzerimonas stutzeri strain HAQ13  99.93% OR890431
HA7  Alishewanella agri strain HAQ15 99.35% OR885475

uB HB4  Mixta theicola strain HAQ 99.93% OR885469
HB6  Leclercia adecarboxylata strain HAQ 99.91% OR885470

HC HC3  Alishewanella jeotgali strain HAQ8 99.35% OR885471
HE HF2  Bacillus cereus strain HAQ35 99.91% OR890436
HF5  Halotalea alkalilenta strain HAQ28 96.39% OR957372

HR HR3 Enterobacteriaceae bacterium strain ~ 99.72% OR957409

HAQ24

The phylogenetic tree, depicted in Fig. (4), illustrates the relationships between the 22
different bacterial isolates that were isolated from different contaminated sites.
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Fig. 4. The NJ method of phylogenetic tree construction illustrating the evolutionary

relationships among bacterial isolates
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Bacterial screening for the ability to synthesize IONPs

All isolated bacteria were selected to test their ability for the synthesis of IONPs,
as shown in Table (4). The result of nitrate reduction test showed that all isolates were
positive (Fig. 5).

Fig. 5. The final results of the nitrate reductase enzyme test

The results of the synthesis of IONPs showed that all mixtures color (supernatant
and FeCls.6H20) changed from pale yellow to brown or reddish brown indicating a
sucessful the synthesis of IONPs, as shown in Fig. (6). The nanoparticles synthesized was
confirmed by measuring of UV-vis absorption spectroscopy within the wavelength range
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of 200 to 800nm. The absorption bands have been ranged between 342—-457nm, as shown
in Fig. (7) and Table (4).

Fig. 6. The color change of mixture. A: bacteria superntant. B: bacteria superntant
interaction with iron salt and result in change mixture color and synthesis IONPs
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Fig. 7. UV-vis spectra of IONPs produced by 22 different bacterial strains in their
supernatant

The results of screening of bacterial isolates according to the weight of IONPs

synthesized showed that the yield weight ranged between 0.02 and 0.702g /I. The three
isolates Alishewanella jeotgali KCTC 22429, Leclercia adecarboxylata strain V894 and
Lysinibacillus boronitolerans strain Mix24 were superior, and the highest rate of
production was 0.702, 0.5, and 0.469/ |, respectively, as depicted in Table (4).

Table 4. Results of the bacterial screening for the biosynthesis of IONPs

Code . NR wavelen Absorpti  weight
of Bacteria isolate Enzym
gth nm on g/l
sample
HAS Alishewanella fetalis strain KD N 358 5 598 0.26
167
Stutzerimonas stutzeri strain
+ . .
HAG Xmb018 457 0.101 0.372
HA7  Alishewanella agri strain ZJY-583 + 360 0.25 0.28
Stutzerimonas stutzeri strain
+ . .
HAS8 WAB2185 369 0.775 0.02
Stutzerimonas stutzeri strain
HA9 IRONWYF?2 + 365 0.272 0.17
HB4  Mixta theicola strain SSK_C8 362 0.420 0.38
HB5  Pantoea alhagi 405 0.160  0.324
HB6 Leclercia adecarboxylata strain N 359 0.244 05
V894
HB7 Cltrqbacter sedlakii strain N 363 0214 0.296
Remi_14
HBS Bacillus paramycoides strain N 356 3339 0.174
3664
Alishewanella jeotgali KCTC
HC3 92429 + 358 0.616 0.702
HD3  Franconibacter daqui strain L17 + 360 1.848 0.08
Enterobacter hormaechei strain
HD4 WG12L-2G-A + 342 3.1017 0.12
HD5  Shigella sonnei strain 08BFO3TD + 355 2.52 0.04
HD6 Enterobacteriaceae bacterium N 362 0.69 0.3
v450
HE2  Lysinibacillus boronitolerans + 359 1.47 0.26
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strain Mix24
HF2 Bacillus cereus strain SPA1.1 + 358 3.59 0.02
Lysinibacillus macroides strain
+ . .
HF3 SKC-16 358 2.53 0.1
HF4 Ly5|_n|ba_C|IIus boronitolerans N 363 1.06 0.46
strain Mix24
HF5 Halotalea alkalilenta strain AW-7 + 358 1.857 0.06
Enterobacter cloacae strain
HR2 UKMEOL + 357 0.75 0.24
HR3 Enterobacteriaceae bacterium N 360 0.823 0.2
v450
DISCUSSION

The use of microbes for the manufacture of iron oxide nanoparticles (IONPs) offers
several benefits in comparison with other techniques. Many microbes possess the
capacity to gather and reduce metals, and this capability may be used to transform iron
ions from metal salts into nanoparticles (Zufiiga-Miranda et al., 2023). In the present
study, the Gram-negative bacteria was more than Gram-positive bacteria. This result
agree with study of Al Khafaji et al. (2023). Gram-negative bacteria were prevalent in
HA, HC, HD, HR, and HB. Bacteria that produce lipase enzyme have been isolated from
lipid-rich environments, and Gram-negative bacteria have a higher production rate than
Gram-positive bacteria (Tarhriz et al., 2011; Aktar et al., 2021). Pseudomonas sp. can
adapt to the presence of toxic compounds and their fluidizing properties by isomerization
of this unsaturated fatty acids to their appropriate trans isomers. The degree of
isomerization obviously depends on the toxicity and the concentration of membrane-
affecting agents (Heipieper et al., 2018). Gram-positive bacteria were more than Gram-
negative bacteria in soil of HE, and HF, these results agree with the outcomes of Alshami
et al. (2022) and Qays et al. 2023). The ability of Bacillus genus members to persist in
diverse and extreme conditions is attributed to the development of protective endospores
that can tolerate adverse environmental factors (Zammuto et al., 2020).

Halomonas, Rhizobium, Pseudomonas, and Bacillus were isolated from oil
refinery (Lukhele et al., 2021). Enterobacter ludwigii (KWB3) was isolated from oil
refinery effluent wastewater that have the ability to resist heavy metals and PAHs
(Khatoon & Malik, 2019). In the present study, the isolates of Stutzerimonas sp. and
Alishewanella sp. were dominated, and this result agrees with that of Salva-Serra et al.
(2023), who found that 23% of isolates are S. balearica in addition to the detection of
other Stutzerimonas sp. from polluted environments with petroleum oil. Kumari and
Chandra (2023) argued that Stutzerimonas stutzeri (LOBP-19) was most effective in
environment contaminated with benzo[a]pyrene due to the presence of laccase, catechol
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2,3-dioxygenase and peroxidase enzymes. Alishewanella displayed endurance to
increased toxicity and showed proficiency in breaking down oils (Ren et al., 2024).

According to nitrate reduction test, all isolates have the ability to reduce metal
salts to nanoparticles. Bacteria have the capacity to detoxify and reduce the metal ions
through the nitrate reductase enzyme or NADH-dependent reductase. Consequently, they
employ this capability to synthesize metallic nanoparticles (Singh et al., 2016; Alam et
al., 2020; Zakariya et al., 2022b). In their study, Singh et al. (2016) discovered that the
process of metal nanoparticle formation in Bacillus licheniformis was facilitated by the
nitrate reductase enzyme. Fatemi et al. (2018) documented that the B. cereus strain
HMHL1 has the ability to convert iron ions into iron nanoparticles.

The results of the IONP synthesis showed that the color of all mixtures (supernatant
and FeCls-6H-0) changed from pale yellow to brown or reddish brown, indicating the
successful synthesis of IONPs. This observation aligns with the findings of
Periyathambi et al. (2014) and Zakariya et al. (2022a). This was related to surface
plasmon resonance SPR (Sharif et al., 2023). In the aforementioned surface, the size and
form of the synthesized NPs affect its peak position (Rasool & Hemalatha, 2017). The
phenomenon of surface plasmon resonance is responsible for the hue shift. The collective
electron oscillation in metal nanoparticles produces a Surface Plasmon Resonance (SPR)
absorption band, which is responsible for the observed absorption in the range of 342—
457nm (Alshami et al., 2022). This range is consistent with the findings of Fani et al.
(2018), Jubran et al. (2020) and Majeed et al. (2021). The reduction of ferric ions in
solution is likely due to melanin-like pigments, which provide iron reductase activity that
facilitates the absorption and incorporation of Fe ions (Jacob et al., 2017).

Among the isolates, Alishewanella jeotgali KCTC 22429, Leclercia adecarboxylata
strain V894, and Lysinibacillus boronitolerans strain Mix24 showed superior
performance. The highest production rates were 0.702, 0.5, and 0.469/ |, respectively, as
shown in Table (4). Alishewanella jeotgali KCTC 22429 was the most effective
compared to the other isolates, which aligns with the results of Xia et al. (2016).
Leclercia adecarboxylata can synthesize nanoparticles through interactions between
proteins and metal salts (Abdelmoneim et al., 2022). Additionally, Gurunathan et al.
(2009) observed that proteins can produce nanoparticles via their unbound amine groups
or cysteine residues.

CONCLUSION

Twenty-two bacterial isolates were collected from five oil-contaminated sites in
Basrah Governorate, southern Irag. These bacteria belong to thirteen different genera,
with nine isolates recorded in GenBank as new strains. All bacterial isolates possessed
the nitrate reductase enzyme. The bacteria varied in their ability to reduce iron salts to
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iron oxide nanoparticles (IONPs). The most effective isolate was Alishewanella jeotgali
KCTC 22429, which produced 0.702g/ | of IONPs, with an absorption peak at 358nm.
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