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Green extracellular synthesis of the Fe2O3; nanoparticles by a native
marine bacterium, Alcaligenes sp. strain NV06
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Abstract. This study investigated the potential of aquatic bacteria for their ability as a biocatalyst to synthesized Fe203
nanoparticles using iron precursor, FeCl3. A total of 25 aquatic bacterial strains were isolated in trypticase soy agar plus 10
mM FeCl3 with selective enrichment technique. Among the bacterial strains evaluated, NV06 was the only strain able to
synthesize Fe203 nanoparticles extracellularly. The strain NV06 was identified as Alcaligenes sp., on the basis of
phenotypic and molecular characteristics. Extracellular synthesis of Fe203 nanoparticles by this strain was investigated
under the optimal conditions. The biosynthesized Fe2O3 nanoparticles were characterized using UV-visible
spectrophotometry (UV-Vis), Scanning electron microscopy (SEM), Energy-dispersive X-ray spectroscopy (EDX), and
Fourier transform infrared (FTIR) spectroscopy. The results showed that cell-free extract (CFE) of the bacterium strain can
produce the rod-shaped Fe203 nanoparticles with mean edge lengths of 80.2 nm and mean diameters of 25.5 nm, after
being exposed to FeCl3 solution (10 mM), at an optimum pH of 6 and an optimum temperature of 28 °C, after 96 hours of
incubation at 150 rpm. This is the first report on the extracellular biosynthesis of Fe203 nanoparticles using the genus of
Alcaligenes under the CFE strategy. It could be speculated that the results of the study can hopefully introduce the inherent
capabilities of aquatic microbes as safe, simple, and effective biocatalysts in the production of Fe203 nanoparticles.
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Figure 1. Visual observation and UV-vis spectra of the FeCls solution (10 mM) in the control sample (A: untreated

with CFE) and bioconversion reaction (B: treated with CFE) of after 48 h incubation at 25 °C on a shaker at 150 rpm.
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Figure 2. SEM micrograph of the Alcaligenes sp. strain NV06.
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Figure 3. Phylogenetic tree based on 16S rRNA gene sequences showing the position of the bacterium strain NV06
within the genus Alcaligenes. GeneBank accession numbers are indicated in parentheses.
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Figure 4. UV-visible absorption spectra of extracellular Fe,Os nanoparticles synthesized at varying temperatures under

CFE of Alcaligenes sp. strain NV06 treated with FeCl3 (10 mM). Results represent the means of three separate
experiments, and bars =1 indicate standard deviation.
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Figure 7. A. FESEM images. B and C. histogram of particle size distribution of magnetite nanoparticles synthesized
by cell-free extract strategy.
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Figure 8. Energy dispersive X-ray spectroscopy (EDX) of extracellular magnetite nanoparticles synthesized by CFE of
Alcaligenes sp. strain NV06.
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Figure 9. FTIR (Fourier-transform Infrared Spectroscopy) of F2O3 nanoparticles synthesized by CFE of Alcaligenes sp.

strain NV06.

el oad )F el slaolas 5 g B dags Sk
@ FeCls om0 ,0 |, Actinobacter aS | 5| L yehiiza
adg a4 33ge ol 1,8 4eileSTl o celw YY-FA Sos
JLS ladgs & ygo 4 auils Joled a5 wia oyal 5l 1,340
V-0l 4 plaS Lo ojlail a5 Jl3sk WKy 3 e
S5 b s piize (Bharde et al., 2008) ss jiegil
5eslatal bogal Oldgh 5l Gl e SO e i
51oeolanul yeny Camellia sinensis slz sl Jos L
oaiilig b oanSelal Llse lsieas byl L coliSs, g
DV ojlail jo 5 (55,5 JSb @ ol Sldgil a4 385
iy Ko odixe (Hoag et al., 2009) wos gl
iz 31 00l 1, poTannS O3l gl (90 5
ods adgi )3 Laies sl Aspergillus japonicus 2,5
Sp pagl P Ve ol bS8 oS bapl by
o,lae 3l oolawl b opuii=e S, .(Bhargava et al., 2013)
ohelss o, 51 Ocimum sanctum  yudie G, S,
2o Oyeo 4 SEM cldlas b a5 wo S ades 51,3400
Ol,dgb cpl ojlail TEM Gladllas jo 5 aius ool oylid a8l
(e (Balamurughan et al., 2014) 54 yiegil Y+ 55
Alternaria alternat  z 5 5l oolazwl b pdi=e Sy
ads egili VY B O/F o5l b slacase U505 & 5530
ade GbySlas ol woal B3l ol sl o wis S
Bacillus Subtilis aile e p,5 5 Zuie p,5 sl iSL
coli aureus

s Escherichia Staphylococcus

Mohamed ) ws S 5,155 5.5 Pseudomonas aeruginosa

&y 1,330 (g pate 5 g Ll Judow jelaie 4 anlol jo
plxl (EDX) oSl 550 55 Aln (o ik 4 0505
5 02l polie 4 by GloSy jpa> b (A JS2) cd)5
Sl (las |y FeaOs wlydgl 10 092 g0 y5ums]

odilig bl loog,S swypm Bas Loy aelsl o
FerOs @lydgl s,lub ¢ yw o 5o (Capping agent)
plsl (FTIR) 508 (y95le )98 hos (i b e(s 3w
o Gsole i il haasio 3l (4 JS5) w3
A0 APFA om! glacsgazme 0 oSy iygd o
iy 4 by ye 6Ky el 00 L3 FO+ 5 OFD N1+ )
(C=0 5 -OH) Jsi5)S b JeSsyne slaoyS ar slae
S5 5 o285 C-O (glaoy S (N-C=0) sl (sloog S
5500 Ohle a0 el Fe203 wlydgb 4 by o Fe-O slaasl
2 09zse ool b (hisnyS (hewSs)S i (sloog,S
e 5o 0aiilig belse ploie a5 Jsko 5l )l o)las
(Rajeshwari et al., 2014) slazsls jud 953 &l 3450

o slotia; ;5 oyl 00, slaslS s & S35

xsle 55 i 5 L5l oSS slaelSies (S
2 Sl sy g s 4z g 990 Sl oele
3 dBee syl 0l cou g gl de U SG ongaze
Anoaims STy Saslspyze flo Jolons PH oo alar

s (Singh et al.,, 2018) o)l J1,8 6,8 5 2iSly Lo
51 bzl b calisee (gla IS 5 laojlasl o oyal awnST &34

189/YA4



Nova Biologica Reperta 9(3): 182-192 (2022)

OF D) VAY-1AY ¥ o )leds @ ala o i psle 1o (o5 sloazily

L g NVO6 450y 09250 lap il Jsho )1 5 G,k
Jol> slasjgliws 3l ogd oo Gol> a3l slacdglio b 3
Ble NVO6 (5 251 crsm (Byne @ Ol55 (0 Gholy ol )
0] 3T S35 sl 50 5k 55 ri3elSIT 03,0
s 9 Jeke 31l ojlas (5l cod (CoiRe) SG,8
b Baa b cuuXe Oly3sil jiwgn ;0 Sge slo,euSl
o)lal adey plessly (ilBl piomen 5 S Ken 346w
5leolaiwl 5 iud 4 SIS e g opl Sl sl L0gad
Slr Slaobl BB e (2] S35l adsi )5 (09,00 i
o5t Grl Sl sleage osill laced,l 5l eslatu
S Oloxe 4 NVO06 a0 pols job 4 g lws S oLl
5 opl Ohdgh odg o She g eolw (peul sla,5 LIS

Db aliole;] oliie 5l 255 slauliie

ol 5wl
o0l | (s S o8sils Jlo Colos b gy lis ol
g S Sl dlie pl oy @lawgon a5 el

..\j)‘ésc ‘ay.c‘ ‘) .)9_"> LS."&)"\B

REFERENCES
Abdeen, M., Sabry, S., Ghozlan, H., ElI-Gendy, A.A. &
Carpenter, E.E. 2016. Microbial-physical synthesis
of Fe and Fe3;O; magnetic nanoparticles using
Aspergillus niger YESM1 and supercritical condition
of ethanol. Journal of Nanomaterials 2016: 1-7.
Abo-zeid, Y. & Williams, G.R. 2019. The potential

anti-infective  applications of metal oxide
nanoparticles: A systematic review. Wiley
Interdisciplinary  Reviews: Nanomedicine and

Nanobiotechnology 12: 1-36.

Arias, L., Pessan, J., Vieira, A., Lima, T., Delbem, A.
& Monteiro, D. 2018. Iron oxide nanoparticles for
biomedical applications: A perspective on synthesis,
drugs, antimicrobial activity, and toxicity. Antibiotics
7:1-32.

Ashengroph, M. & Sahami-Soltani, M. 2018.
Antimicrobial effects of extracellular copper sulfide
nanoparticles synthesized from Bacillus licheniformis.
Journal of Microbial World 11: 243-257.

Ashengroph, M., Khaledi, A. & Bolbanabad, E.M.
2020. Extracellular biosynthesis of cadmium sulphide
quantum dot using cell-free extract of Pseudomonas
chlororaphis CHROS and its antibacterial activity.
Process Biochemistry 89: 63-70.

Ashengroph, M. & Hosseini, S.R. 2021. A newly
isolated Bacillus amyloliquefaciens SRB04 for the
synthesis of selenium nanoparticles with potential
antibacterial properties. International Microbiology
24:103-114.

el l5 S0 Jawgs (538 &350 yw (et al., 2015
sbo @5 IS5 4 08 5 sk S5 50 4 on ailyioe
515 & gy JU 090 4 Jska ()0 i 055 ol
slagg Gl plo 4 &g 4 Jobo 7)1 9 (29,500 Jsho
3k Dhdgl Joke (gp pm el Joho (59, 3
sy & ossin 5 el sk S5 5 b alis 4o
Ashengroph & Sahami-Soltani, 2018; ) <ol
Coonl g 0p)8 LJs 4 (Ashengroph et al., 2020
slase; o gl sond SIS 5 Jsle z,5 oldg0
Sz U155 )z g Gialesl 4 ol Jlaghy 50 wilise
Siobr s3] Slos Sl by Kb alaeST S5k
oo oSL wle 6)’] belf)‘ﬁ)i.’:" Al aslyy ead
Sledsbe g5 5 boyeie oSyl e yislslen
ok ol 5 Jolr S5 055 (sl agilly s (sl 3518
5 Coeal P a5 Bk 5l Wgdh e cgeee 360
5 ool sl Slapuasl g e 5l ooliinl b @l 395l Fitug
gl Gl e pie ool GlaptcsS] Grizen
3 S SllE 15 aie 8 e glapnslE )l S
sledls oK jules (Sleawsl glcdls &b
ool «(g5,5las (oles (lio (gilailel, wle gl
oS s wigdoe 3y (2l Slapies & oxd 5 64
2o ee Gk Lulpl b o (S slp 1y 09 muw
Fwge pol> ey ,o (Manivasagan et al., 2016)
51 oolaiwl b (Fer03) o cyaloncST &3l el Cdbgo
2 e g e idlall ey bme LGl B, S
00 yuw )‘ NV06 A g sl 00 =\S|)| B (SAM Q)i)e)
el Slhdgl s Jedly b iz dSIT 5l 6550
Olpl liws S bl oyl Gliwgs  oxhaw slao]
o9 Lg[;b‘j‘u}} o globis uﬂ.)Lo)—‘ ez b & lwlas
QL?QJ 4 e ‘&al)sl Lng.la.z:u Ja:u o ‘6};‘ LgUbLg)lﬂg
wblse o jeas aile Jul s b ablie gy olbpaslSo
ol el ooy Slogzge cpl jo oal slage YL cdale b
Srare s ,iSh wls bias lp a5 eglie slopunilSs
Anlgd 09l oo Al 0,90 Oly3eil adgr 4 i Coles ol
2 5850 dgw bl 5l S imgh (! 0 sdwl Cassa
S jebas il S alas] Gl gl Joke 7,5 odg
5ol adg o8 el oSt ldgl Jske z,l5 s

190/74 -



Ashengroph et al. Green extracellular synthesis of the Fe2Os nanoparticles

Baker, S., Harini, B.P., Rakshith, D. & Satish, S.
2013. Marine microbes: invisible nanofactories.
Journal of Pharmacy Research 6: 383-388.

Balamurughan, M.G., Mohanraj, S., Kodhaiyolii, S.
& Pugalenthi, V. 2014. Ocimum sanctum leaf
extract mediated green synthesis of iron oxide
nanoparticles:  spectroscopic and microscopic
studies. Journal of Chemical and Pharmaceutical
Sciences 4: 201-204.

Bereswill, S., Bugert, P., Bruchmiiller, I. & Geider,
K. 1995. Identification of the fire blight pathogen,
Erwinia  amylovora, by PCR assays with
chromosomal DNA. Applied and Environmental
Microbiology 61: 2636-2642.

Bharde, A.A., Parikh, R.Y., Baidakova, M., Jouen,
S., Hannoyer, B., Enoki, T., Prasad, B.L.,
Shouche, Y.S., Ogale, S. & Sastry, M. 2008.
Bacteria-mediated precursor-dependent
biosynthesis of superparamagnetic iron oxide and
iron sulfide nanoparticles. Langmuir 24: 5787-
5794.

Bhargava, A., Jain, N., Barathi, M., Akhtar, M.S.,

Yun, Y.S. & Panwar, J. 2013. Synthesis,
characterization and mechanistic insights of
mycogenic iron oxide nanoparticles.

Nanotechnology for Sustainable Development 15:
337-348.

Bolbanabad, E.M., Ashengroph, M. & Darvishi, F.
2020. Development and evaluation of different
strategies for the clean synthesis of silver
nanoparticles using Yarrowia lipolytica and their
antibacterial activity. Process Biochemistry 94:
319-328.

Chauhan, S. & Upadhyay, L.S.B. 2019. Biosynthesis
of iron oxide nanoparticles using plant derivatives
of Lawsonia inermis (Henna) and its surface
modification for biomedical application.
Nanotechnology for Environmental Engineering 4:
1-10.

Crespo, K.A., Baronetti, J.L., Quinteros, M.A.,
Paez, P.L. & Paraje, M.G. 2017. Intra- and
extracellular biosynthesis and characterization of
iron nanoparticles from prokaryotic
microorganisms  with  anticoagulant activity.
Pharmaceutical Research 34: 591-598.

Dinali, R., Ebrahiminezhad, A., Manley-Harris, M.,
Ghasemi, Y. & Berenjian, A. 2017. Iron oxide
nanoparticles in modern microbiology and
biotechnology. Critical Reviews in Microbiology
43: 493-507.

Ealias, A.M. & Saravanakumar, M.P. 2017. A
review on the classification, characterisation,
synthesis of nanoparticles and their application.
IOP Conference Series: Materials Science and
Engineering 263: 032019.

Hoag, G.E., Collins, J.B., Holcomb, J.L., Hoag,
J.R., Nadagouda, M.N. & Varma, R.S. 2009.
Degradation of  bromothymol blue by
‘greener’nano-scale zero-valent iron synthesized
using tea polyphenols. Journal of Materials
Chemistry 19: 8671-8677.

Fe203 &l)36b jums (Joho (g0 i -0, 500 § 08 Kus

Jagathesan, G. & Rajiv. P. 2018. Biosynthesis and
characterization of iron oxide nanoparticles
using Eichhornia  crassipes leaf  extract  and
assessing their antibacterial activity. Biocatalysis
and Agricultural Biotechnology 13: 90-94.

Jeevanandam, J.. Chan, Y.S. & Danquah, M.K.
2016. Biosynthesis of metal and metal oxide
nanoparticles. ChemBioEng Reviews 3: 55-67.

Kumar, S., Stecher, G. & Tamura, K. 2016.
MEGA7: Molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Molecular Biology
and Evolution 33: 1870-1874.

Manivasagan, P., Nam, S.Y. & Oh, J. 2016. Marine
microorganisms as potential biofactories for
synthesis of metallic nanoparticles. Critical
Reviews in Microbiology 42: 1007-1019.

Mohamed, Y.M., Azzam, A.M., Amin, B.H. &
Safwat, N.A. 2015. Mycosynthesis of iron
nanoparticles by Alternaria alternata and its
antibacterial  activity.  African  Journal of
Biotechnology 14: 1234-1241.

Murray, M.G. & Thompson, W.F. 1980. Rapid
isolation of high molecular weight plant DNA.
Nucleic Acids Research 8: 4321-4326.

Pat-Espadas, A.M. & Cervantes, F.J. 2018.
Microbial recovery of metallic nanoparticles from
industrial wastes and their environmental
applications. Journal of Chemical Technology and
Biotechnology 93: 3091-3112.

Rajeshwari, S., Pattanathu, K.S.M., Rahman,
Rajiv, P., Narendhran, S. & Venckatesh, R.
2014. Biosynthesis and characterization of
Acalypha  indica  mediated copper  oxide
nanoparticles and evaluation of its antimicrobial
and anticancer activity. Spectrochimica Acta, Part
A: Molecular and Bimolecular Spectroscopy 129:
255-258.

Revati, K. & Pandey, B.D. 2011. Microbial synthesis
of iron-based nanomaterials-A review. Bulletin of
Materials Science 34: 191-198.

Sharaf, S.M., Abbas, H.S. & Ismaeil, T.A. 2019.
Characterization of spirugenic iron oxide
nanoparticles and their antibacterial activity against
multidrug-resistant Helicobacter pylori. Egyptian
Journal of Phycology 20: 1-28.

Singh, J., Dutta, T., Kim, K.H., Rawat, M.,
Samddar, P. & Kumar, P. 2018. Green synthesis
of metals and their oxide nanoparticles:
applications for environmental remediation. Journal
of Nanobiotechnology 16: 1-24.

Soosani, N., Ashengroph, M. & Chehri, Kh. 2021.
Extracellular green synthesis of zinc oxide
nanoparticle by wusing the cell-free extract
Rhodotorula pacifica NS02 and investigation of
their antimicrobial activities. Nova Biologica
Reperta 8: 195-205. (In Persian)

Sundaram, P.A., Augustine, R. & Kannan, M. 2012.
Extracellular ~ biosynthesis of iron  oxide
nanoparticles by Bacillus subtilis strains isolated
from  rhizosphere soil. Biotechnology and
Bioprocess Engineering 17: 835-840.

1917741



Nova Biologica Reperta 9(3): 182-192 (2022) OF V) VAY-1AY Y o)led Q@ als ¢ i pole j0 (g slaaily

Van Trappen, S., Tan, T.L., Samyn, E. & Journal of  Systematic and  Evolutionary
Vandamme, P. 2005. Alcaligenes aquatilis sp. Microbiology 55: 2571-2575.
nov., a novel bacterium from sediments of the  Weisburg, W.G., Barns, S.M., Pelletier, D.A. &
Weser Estuary, Germany, and a salt marsh on Shem Lane, D.J. 1991. 16S ribosomal DNA
Creek in Charleston Harbor, USA. International amplification for phylogenetic study. Journal of

Bacteriology 173: 697-703.

sk ok

How to cite this article:
Ashengroph, M. & Vakili Sohrforouzani, N. 2022. Green extracellular synthesis of the Fe,O; nanoparticles by a
native marine bacterium, Alcaligenes sp. strain NV06. Nova Biologica Reperta 9: 182-192. (In Persian).

2 o soazsl NVO6 555801 51 (o5 6535k dis b F@203 S350 o oo (g 52 VF2) oy 015958 oo (ShaS'3 9.0 0,50l

NAYSVAY A s psle

192/74Y



