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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.

Key words. aquatic bacterium, biocatalyst, cell-free extract, ferric oxide nanoparticle, spectroscopy

Received 25.03.2021/ Revised 09.01.2022/ Accepted 31.01.2022/ Published 21.12.2022 AASATEL SR VAR SARTAR ISR WAL SUARVAL B0 W TR SRR IRYAPCR IR

182/\AY


http://dx.doi.org/10.52547/nbr.9.3.182
https://dor.isc.ac/dor/20.1001.1.24236330.1401.9.3.3.3
https://nbr.khu.ac.ir/article-1-3455-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1401.9.3.3.3 ]

[ DOI: 10.52547/nbr.9.3.182 ]

Ashengroph et al. Green extracellular synthesis of the Fe2Os nanoparticles

(Sharaf et al., 2019) wgs o plol |, &ly356 (5,00
LgLﬁo)La.c: sLQ@)Lé ‘LabLg):'SLg d.]a.,.o‘ﬁ G (S 6“&9) (e
gl oo ool ST Sldgl ag coge LS 5 (Sl
s & bl S35 3 Sam Fis s e 55 5,51
Sl 5 blite Al o) 29 5SS oo ape oS
bl Ll 5 gl Ve B Yo 5SS ol S w3
Sz )| (So5d 5 oloowd Fitw slah, b amlis jo o] 5YL
sledgw 5l 4> 31 (Sundaram et al., 2012) & jls 5,5V
Actinobacter sl Glixe B 3 55U
Magnetospirillum Aquaspirillum magnetotacticum
Geobacter  Shewanella  magnetotacticum

Archaeoglobus  fulgidus  .Thermoanaerobacter
Alternaria  alternat Aspergillus  japonicus
Pseudomonas aeruginosa 4 E. coli Aspergillus niger
ool aeST Sdel s 3 (slp il ol b
Bharde et al., 2008; Revati & Pandey, ) ¢l oo ool
2011; Bhargava et al., 2013; Abdeen et al., 2016;
L bls )l o gogume wldllas Jl> 0! b (Crespo et al., 2017
Oyge Sl SlapslS )l Sae bawg ool st Sldgl jiae
4 sl Gl 5 Sl (laeadls s So ol @3S
bes‘ LgLab.la,,m » ‘;.b) J.o:o o)é L pass 6L‘°g§..u93 J,Jo
e w8 e yolie o ol Ko Lasee sl PH wiile
S glos S il gl canl slag§ lgie a0 g 318 0L
Soosani et al., ) & .5 o 8 colinwl 5)50 s oo p)l5
38 b (e plie 5 (Sl slepgan; (2021
|) L5|°)l‘ 6[.@0‘) aS Jilwd »)‘54)9.:[.: g 6‘;) WLA @9;“)
3 G 3l ads 55 T (SlorarlS  San Sl eolisal 1,
Baker et al., 2013; Ashengroph & ) <l osls I3
Syg0 50 oy S sble & axg5 L (Sahami-Soltani, 2018
Dlgogil iws) odg 0 opl SpmdlS g ,Se 5l eolil
S 6L Glaige lulid 5 silubiz Baa b yol- Jiegy
o (Cuife) Gl oSt Oldglh Jsho fap yom ol b
Sy sloyull (Fp onp g ol Jlo s ok 31
39l i3s3 555 2 OselisSSl Glej 9 PH das alox
el 00 plonil e

L sigy 9 olge
631 6L Ga g (3Ll g (gilw (1€ 1510 p Aiges
o oS il 0 s 51 onbas T (sladiges

Fe203 ol)36b jums (Jobo (g0 i -0, 500 § 8 ,Kus

doddo
@lerd 5 (o Sleogas ol Ly 4 g3l )3l
dlge ojlail a8 e wilazd 3 )13 azgi 0550 s g Sl o
o 51 sty Slaogas Jolo 3 il o 2l 5 0> o
S350 9 ) S 7SI 655 () i emrbline ((SHS olsS
San 09> )l Sgdnid solwl 5 e 4 ghae S (o
Pat-Espadas & Cervantes, 2018; Abo-zeid & ) wias o
bt 5 Sopd slo sy, St (Williams, 2019
Ol Gl (STl (SEle ogd (Jels ke
e oy wJide (il as dsputtering) S Sl
Sl 00l oolatwl (558 DIy30il jiw 6l i 9 (oleewd
Jeevanandam et al., 2016; Ealias & Saravanakumar, )
B bt 9 (Kb e slaghy, 425 Q017
o )l5 gly i3l it slacsislsd oo b (loassS lgual
Ao s 5 cuod 15 lisres Lol wilosls lid il
slagby, jpeb 4 e YA (ol asiie SUjlas ol
asle Gy daora b 85l Slge 31 olatwl ulul e i
Jeevanandam ) cel sads alS oo lac ¢ lo 0udlS)ls So
LBk 5 e 050y, SO Sy (et al, 2016
el 525 BB 5 oyt SS9l i gl Cejlame
SYsb Sy 090 Jed j (Mt b (s slaonlp ez 5
RS 5 S5k ok 5 o3l i o Sen 25 e
Oty bt e cle a oy (ol Lol aitas ol o 0,08 5 S0
St S35 adgs gl Sy Laeme b )55k 5 5ol e
>l sl b (Dinali et al, 2017) aie sl
ale (g0lgagils Jiims @ i Iy el gl (5 )5kd wdyiny
30 Sl 00,5 oS 5 olge g b gols ded (o318 slaannST (5l
s @ palanSIalisl (ol b 4wl S35l o
5 Vb (5508 Glacodled b pamie gla Shy o ble
(Sloynga p ookl ay ) ook adle Y SIS (g ndy ST
(ol laobe (panblise siluliz (55 Ji97S (29)ls 975
(o)l Cileal Cighe Sl (6 Rin (L8l pwiige sloop)lS
o S £l oDl g g e ol S| B
ol =y (Arias et al, 2018) wlbo,S Cd> 5JBIS 4
gl i glp (i (S g (plrend ( So3d (Sl
Gk 3l il oo lrend 3 (Sl ys 35 3929 (8] anS]
Osmadgals o gy «So8 g 58 ol gl sl sl g ot
sogigw S hsy 5 (olerdis iUl Cgay (Jlo g e i
oo 5o Glae D3 @)k ) (Somd i lojane Wigh plx]
w5 gl g o 5l U slegin 4 () B s,

183/VAY


http://dx.doi.org/10.52547/nbr.9.3.182
https://dor.isc.ac/dor/20.1001.1.24236330.1401.9.3.3.3
https://nbr.khu.ac.ir/article-1-3455-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1401.9.3.3.3 ]

[ DOI: 10.52547/nbr.9.3.182 ]

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

chls 0990 FeCls Jslore 51 lajon jsboay o (5,135 4,553l
09 Jokw 5l s)le olas 5 (5L cis l s)le olas
ol eolatul e S slalae lsca (FeClsypa>
Fe 03 «lys 4l S5 (Ashengroph et al., 2020)
Gk Sl el Jedod 5 i 0y90 (GRISTy )0 eads S
5 ks Cewy STy belke S5, e e
Specord 210 Jow) ian slgle S (5 tegiby il
Chauhan ) o eols 1,8 (oW1 525 Analytikjena =5 o
(& Upadhyay, 2019
SR L asw Jole g oulid Coty Cugh s
NVo06

5l oslil LNVO6 (6 25 ayges sslids Cry,y asl sy
P9n Se S5 & (505850 esalin 5 08 (Sheel K,
Slr (9, (958 @Sy Soe Dlaalis 5ol plnl (6590
Sleogas (s 2 o3liinl (6551 Jobo (owlididn ) b
Jodllygims b hlize olordon slocus 5 (Sjgls 5
alml sl .(Bergey & Holt, 1994) o sz Sy
oolaiw! (g sox>) Qo0 ¥ wiienST f 51 YLK g0
Uil 535 gl 5l Sy 51 3lnnST e plonil (gl s
S laome 1o olitl wLIS5 0 (68 ol g0 il
Sy 358 6L ES s n ln SIM sl anss
ool (Ul 3 w3l ypa (oy ) S5l o 5 35,00
S o ;o (el adgs) awlis 5l eolawl SUlgs .ol
s 55 Gl oysl adgi) oyl 5l soliiesl SUlg5 5T axulis
GLasYs m3h oe¥5 w8 QU5 eizman o 5T o5l cutS
o o bz glales jo ol ol plxil 5V Lz o
sle 5y 2 03, b pladl BT 5 Bl g St i
Lo 3 Syl g el 53598 TS el Sl S
e 50935 DNA glimcial ol pll @y o) Jib (25sS]
Murray & ) o plasl o s I5- 15 s, & NVO6 (635,
SaS 4 lesdy (gloyus; STy 5l (Thompson, 1980
Al pll 16S IDNA 5 555 6l o5 e sloyasl
16S tDNA 5 S ol 51 jslae ol glp

s Fdl (5"-AGAGTTTGATCCTGGCTCAG-3")
Rp2 (5"-ACGGCTACCTTGTTACGACTT-3")
Gloypoy iSly (Weisburg et al., 1991) o oolaxul
3l s See VO e b ISGlege s ollws 5o sy
L) sl 2 5l e See S S ins g S VYO
L s DNA - s See S (V909,500 YO oyl cilale
shie O sy See A0 5 GigSee p oSl Ae cdile

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

U 51 g 0 a5y oyl slacd b ) 0ads (5)5lae
Db (5, eolatwl plKin b Jwty sles yo ofinle;l
03l ladlg) 4y ouds (g slaar ol slaaigai 5| 2 (s O
Sde 4y 590 Qe e e y0 g o ool JLl sy iwl (g e VO
95 &3u; 590 ) (29) Jolore (e 0D Gord Lo ai3s 10
caS slebe & Slos mle 5l g S B0 lade
Moo oo Ve boats (8 (TSA) BT (ggm St i oy
3ol gyl g oy A% YL el L) FeCls.6H,O
15 cebos FA Goe a4y lacly 0 035381 (/L <815
Al clealas wiad (6,1384eS0l o Kols a0 YO sles
WAD atie (oulilcdy, s Sy ol esliiul b 5L
Sz Ceilgn Olpear ot (8 8L slaage
ol oolatwl Fer03 &lydgil st jiw 4 by e Slinle;]
(Ashengroph & Hosseini, 2021)
Sk sLargw buwgh Fer03 ©hdgl (Jebw (9 ow
Jsko 51 @ole o)lae g5ilyml coni ol il 5l
(Cell free extract=CFE)

YO ol ke VYO gl e 68l sladse
42,0 VA slos jo Sl (g9 Seitn i oS Lo jid e
Do ay ((ai8s )3 550 100 jode (o0 (59, p 35 Hle
Ogmmdbwgu 31 ao )0 Vs al (6 l08 4SSl el Y
cell/ml aid,ls S oo Jobee il L) o sy glas Sk
ke 00 sl e YOO lag ) o 1 (VA
ol ,)§ il a0 YO slos 1o &l (ggm S i cuiS lao
Gl T Goe 4 (aads ;0,90 VO*) jade ;S (59, p
)AL s 35 08 M ln b ISl
Tl joaqds 0 j90 0000 Copu b (s ot ile
Hb a5l G 0 5 oolanul adBo Ve o 4 o Kl ax o
ety o098 5l a8 V0 il el lgs Ol L pans
<l e 00 ool a5 s dee YO slagdl po ysSe
5 el TF Coe 4y g ol a0 Joyiel el lgo
Seb 593 9 Sl 4z e VO gles jo l)eilsSl S
0055 5,186 )8 090 b I w al eols 18 VO-rpm
ojlas g oud lax jouds yile I eolinl b (651 (St
Slp ceddil g Olyiear (CFE) 50 (gosj o098 5 s)le
b eoliul FerOs (ol oSt ol 4 FeCls s Jous
0 ol ke YO )l a sk cal Gl
L FeCls.6H:0 Sgial Jslmo w25k CFE 5l y2J Lo
celo FA S 4 g odds ablol Yso Lo Vo Llp cdile
VO- 1pm S 590 g oL, Kcile a0 YO ples byl cow

184/\AY


http://dx.doi.org/10.52547/nbr.9.3.182
https://dor.isc.ac/dor/20.1001.1.24236330.1401.9.3.3.3
https://nbr.khu.ac.ir/article-1-3455-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1401.9.3.3.3 ]

[ DOI: 10.52547/nbr.9.3.182 ]

Ashengroph et al. Green extracellular synthesis of the Fe2Os nanoparticles

UV-vis ) (5 g8y piSnl (i slackeb (o, 5 NVO6
2% pll (spectrophotometer Specord 210, Germany
G R gy S9N ogSy S Slailod g e
Field emission ) S| g5, G55 oilp sl
scanning electron microscopy; TESCAN Mira 3-
5 o5l (K& owyp Saa L (LMu, Czech Republic
slades 5w wb plnil gpaie slflos 5 4jes
Fourier transform infrared spectroscopy; ) FTIR
O yslaie & (Bruker Vector 22 FT-IR Spectrometer
S Sh3gl gyl g g o B Jlele slaeg S
odls JoSis Ol)35il Cgmy g (gilulaz jslaie a4y ol solaul
(Celo Sy @ 590 V0 v S pu) Vb o0 b Goei il
G gl 8 iws o Jolbs pgw, Oldsl b colaul
Gl sla ol 5 ayjo s 5 00 St sl YF S
285 Syge Wil gy ¢ oo SO (5w Ses g (i

.(Bolbanabad et al., 2020)

Fobo T35 o il b 53T 655k G sjlulax

Fe;03 wlydgit
Sheyilys Jhle 5l e O Gladises gyslaes 5l
71 6L Glawgm siluliz lp caS gle (18 SaSS
15 o aslisal SlyaanlsSa alan IS (s ply Jood okl
Vo b oot b T sgm Sty iS b dial, oyl
59 eolatwl canS 8 base lgie 4 FeCls Yoo L
(ool oy Sl 5l Sglie) g3l 6k dygm YO ggoms
Oyl Gty g g ols catS Jbatz 5l am ad gl
oy s Lol lisabl badypes (55l s 51 oS5 IS
Sl o Seiy S lzme 0 0ad 6,5 b 6L
bty g ol Jolo 51 )l ojlae angd 51y 5 2 o0l 03,
Ol ol el onls ools mesgi o gy g dlge iSw yo aS
A oolaiwl FerO03 &lydsil Joko (g0 5w sl (655! !
AL agw 5l gle o jlac LS odwl Cavoas s oluly
L o5 3 FeaOs o3yl Jobo gy st 4,26 NVOG
A atuie odo s (b g el Slaslin l eslaiul
syl ol b onti s FeCli atir loalive ool
ool b 5ol sl 05 5,5 Glyls (U8 o) Jokos
AL agm Jobo 5l g)le ojlas Lol jled diged jo oS
1 Fer03 &l gl oK o 4 iiSTy Jslone 55, NVO6
b ladiges oy el 00ls S5y i 0,5 6,2 0 )

Fe203 ol)36b jums (Jobo (g0 i -0, 500 § 8 ,Kus

B S Ojge @ (Gl 4z b el (gt opbns
a0 Wik ;o aado oz Sae @ adgl gile cudjuly
Jelis Gl asm Yo O jgar aslol jo g g4,0 o 5 il
Wi By G Saeds o Kl ax,0 AF sled jo (g5le el ply
50 Loy g 4B O Soe 4z ,0 OY les o 55T JLas!
S ol o g dadBs g0 Saeds ol Kle ax 0 VY gles
aads Ve Sae 4 ol Kl a0 VY les jo SLL SGw
Jyame adss ;o (Bereswill et al., 1995) o plxil
Sy cuzr ol Jsame DNA alss oS lwg PCR
Slodly ai Jlo) w08 oSl 5,0 4 b
-l L BioEdit 1380 o5 lawss Gialpg 5l e odel Cawdas
Sl sl eslazwl b (NCBI) 5 wledbl SGL o 95550 slo
Sk S50 e, Glp s T aslie Cadl oz
16S slo g b ,kai 0,90 (6,55 a5 16S IDNA 5 Jlgs
Gk 5l 05 Sb e dezse alie gl SL nle TDNA
L (Neighbor Joining) -Klues sl by, 4 Sijeld
&_J}J Jul?() 9 4.:).7:.) 9 70 U))5 MEGA )‘)9‘ rn).: )‘ oolaw!
loaygu (Sanly Glrebl JB (edd S bV e e ol
(Kumar et al., 2016) o plxl
wgw buvgi Fe203 ©ly3536 (Jobuw (9 3w (5ilw dte
CFE ;51 gl ¢ NV06 (s oS

Fe O3 S i Qbf)y'lj lejlw 09y Ogupy B L
A6 NVOE 555k Jsbo 5 ) obas by
Y5 XY YA TE) dilise glales 5l ols cilizo (slagiS6
P gV & b)) @iz slo pH 1 (o Kl a0 £+
I3 sl ey Sy ey i s B |y ol
K9y » MCLM:\Y’ 9 7 Yy fA sz Juqlw uwb}i)‘ 0)90
Jole 5l o] Cawsas aige PH 5 aige loo Ll i e
<d> (Chauhan & Upadhyay, 2019) ai w,, 8
Sl ol Dldgl pde Sy 4y by e 00guce ;o ladiges
dglie 990 9 0D AT (6 egidy il g, L g Fe20s
RO SINVEIA R IP WIS PO T DS PUN QG I, g

R —950 g (i b S0 gad (S
o o) STy balowo 50 cul Sl Wil )36
oul donts do |yl '

&3yl cos FerO5 @l jdgl Jolo 7,5y adgl ol
GiiSly Jslome 5,y ) et Olaalie 3,k 51 CFE
&l Gk agm Jobo 5l ke ojlac b Lo 51 g FeCls

185/YAD


http://dx.doi.org/10.52547/nbr.9.3.182
https://dor.isc.ac/dor/20.1001.1.24236330.1401.9.3.3.3
https://nbr.khu.ac.ir/article-1-3455-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1401.9.3.3.3 ]

[ DOI: 10.52547/nbr.9.3.182 ]

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

Olydgl (Jobw (op o G9) 5 Ao laygsl 5U
Alcaligenes s yxSU Jobw 3l Gyle osbas lawgy Fe203
sp. strain NV06

5l cox Fer03 &yl 5w (g9, p calizee slales il
Sty @l el 8513 o)z 3590 Jobo 5l sl ol
o F il ax 0 YA sles o Fe203 il 3gil Lo ancin ool
).i..,.o 9% 9 Y ).a‘).» pH MFCCIS )y5.o ‘}uﬂ Vo cdale »
S slales 1 i Jeols (5385 el FA 5 aw VO+ TPM
a FeCls slo i gy bos 75 o5 il 45,0 YA
&l ange clos K0 & le el adly, zals FerOs ol 3gi
(F JS5) el o Sl a3 15 YA (slos 0,550 35 0l

DB e @y, » dise gpH L5b 1 Jols mls
Sl oads ools ol ) S e FerO3 wljdgibdgles
Fer03 wldgl s opyiden odel Casots gl Lol
e Veocdale o 5 ol Kl ax 0 YA Ay sl cow
£ 51 5L sla pH jo sl cwwsas # ol pH s FeCls JYse
@ cul ail mels FerOs4b o FeCly s oo &5
2l PH o 55536 &ldgl s ledly o itas 500 &)le
ol 0d0] Cawods £

s Fe203 Qbé}jb L FGC13 ‘SM.,.:) J‘:‘.M S g RV b
age slod) STy 8 ol 5o ol Cavots aige lal,i
O5abisSl ley 51 (P ol ag PH 5 ol Sl a0 YA
U5y )5 15 syl 9yee (el VYo 5 48 VY JFA YY)
51 o Fe205 olyd3gb s woanl cassas b wlulyp (£
3l om 9 5T sk 5l s)le ojlas jpa> 50 STy celn VY
500 Shle 4 ol sty 393 lade iSTas 4 cels A7
Con) STy 50 oads JoSis Oldgl ods b (i
Sbey abold jo cwl oa snnlice celw A7 5l o Lo
i b s e, el Sy celo VY- b AF oy
A osnlie FerOs ol 34t
s F2103 &1)3gil sztiw cinb 5 o1 95 ySamo 5L 5905]
Jobw 3l 5,le oylas (51wl @2 yb 5l oas

S sk 5| sle ol alosy (532 FesOs o35
31 ome i )b o Alcaligenes sp. strain NVO06
Ot Sz opmlyo 338 o awgs 3,5 S g 7zl
Sy Se by O3 miSTy amels 5 el S
oz (V JS2) &85 18 (owyp 3,50 FESEM (55 2SI
555N s Son Lo sy S35l ms oSl
olayl 1 Sile b S (6l alie Fe205 <l,343b 3 FESEM
ols Ui 1 gl YOI o kb (ySilos o sragil Ae /Y Jsbo

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

Soglh ¥ ge Job 5 1y (i Sy Sy (5 oy S
3l e Sy andy eine ailie Lululyy a8 ols ol
cood el FVO 5 FoY gl zge Jsb e Fe:Os
S w2 JyS bxe o (Jagathesan & Rajiv, 2018)
Fe03 olish oxb ogaudl ol b by i
() JS8) ol o0 sunlice
NV06 oo (5550 410 g (s

Sl 5 a5 bl a5 NVO6 5l 25 a5
a1, FeCls ot haws cobl pdo omiw b 5 ooty
o Sis oeloly 5 bl gy Ll 1, Fer0s ol deil
@lolids 9)50 Jsho 5 (abardsm «Suisls s «Saislsdyse
359506 6L dgw ol Cawods mls wluly cd 3 )3
Orpar Si999ee S 5l g e )5 Djga 05 ATy Sl
i 5 aSan ) B 100 sla (eSilee b S slalin JIH
IS8 Sl e 5l 9 Sem #1854V 5 b

aS 0l asin gleadisn glocas plol Log aalsl o
G e YIS lane] slaceus i 51 j55ia (5551 apm
s ol bl sl L5 5l g e Sliasl g O
(S5l YBLL collad (s,en eilgn Sdsi s (Joul
Qge g (i 5i¥) 093 g 0yl g e atalias sy ue
ol Kl a0 YO U F slales ;o uls, cublB 5530 5,SU
5 elid Couy sl oseil @l Geleln g Lls
ol 5o optiie SYlie 5 gz po GOOLS Bb s oleentisn
NVO06 5L 49w «(Van Trappen et al., 2005) LLs,|
i3IS 0y @y et lge Glyie 4 Cdge b 4
s Bal bog bl o al eols asis (Alcaligenes)
Gosb 51 165 IDNA 5 it 55T g 330 Cuso
@b )5 ST PCR g, L1p2 5 fdl SlSen sl ol
GrSL g a5 sl olis NCBI culs o cadly 51 Jol>
&5 L ey WY cals hls 553
o,les) Alcaligenes aquatilis LMG 22996 (s :SL
Skt c e el (IX986974 S5 SOL o eyt
A 05 ey ORbess Gl g, 4 NVO6 (6251 a5
03y At la LS G y0 | 5L alae (S
wdal Cawdds s pololy (F JS8) ol olas U.J},:JLQT
2l 5 5| 5 s3SI 03 4y Blaie NVOG (5 55T 450
Syl Alcaligenes aquatilis L 1) cqolive o yiias (S55
Alcaligenes sp. ol o j5S3e (6,50 agw Solys o
o ynd oyl b 55 oledbl SSL e strain NV06
&b ous MT920647

186/\AF


http://dx.doi.org/10.52547/nbr.9.3.182
https://dor.isc.ac/dor/20.1001.1.24236330.1401.9.3.3.3
https://nbr.khu.ac.ir/article-1-3455-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.24236330.1401.9.3.3.3]

[ DOI: 10.52547/nbr.9.3.182 ]

Ashengroph et al. Green extracellular synthesis of the Fe2O3 nanoparticles Fe203 &l)36b jums (Jobo (g0 i -0 )50 9 8, Kis

A B
124 04
1 05 1 203-N
: FeCl3 (10 mM) Fe203 -"?S
Fos 2 o4 403 nm -
a A
§ 05 1 E 03
o
£ -1
g 5
04 4 = o 2
= 2
0. 01
0 T T T T T J Y *
200 100 200 500 600 700 80 200 300 400 500 §00 700 800
Wavelength (nm) Wavelength (nm)

S 599 5 Kl o YO glos bylpd cos Vse (oo Ve clale jo FECly Jolme (500585 Sl (slaelons 5 4525 5 adiz Slaalins - S
(Jobw 5l s)le oyl ous Jlos :B) b Cens ‘_;..:5199 (s 3l s)le o,lae b onis Jlogs A) S oz QWLESJ celo FA 5l s VO-TPM

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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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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