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Extracellular green synthesis of zinc oxide nanoparticle by using the
cell-free extract Rhodotorula pacifica NS02 and investigation of their
antimicrobial activities
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Abstract. The biosynthesis of nanoparticles (NPs) has been proposed due to its fast, clean, safe, and cost-effective
production and being efficient aternative to conventional physicochemical methods. This study aimed to isolate and
identify aquatic yeast strains for their potential to form Zinc oxide nanoparticles (ZNONPs). A yeast strain, NS02, with
high tolerance against zinc ion (5.25 mM) was isolated using the enrichment technique and was selected as efficient
candidate for the biosynthesis of ZnONPs under cell-free extract (CFE) strategy. The preliminary evaluation on the
formation of ZNONPs was performed by visual observation and UV-visible absorption spectra of the biosynthesized
ZnONPs. The morphology, size and elemental distribution of the nanoparticles were determined by Field emission
scanning electron microscopy (FESEM) equipped with energy-dispersive X-ray (EDX). X-ray diffractometer (XRD)
was used to identify the crystalline phase of the ZnONPs. Antibacterial activity of ZnONPs against pathogenic bacteria
isolated from the clinical specimens was investigated using agar well diffusion method. The isolate NS02 was
characterized based on their morphological properties and amplification the ITS-5.8S-ITS2 rDNA regions. The present
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study pioneered the capabilities of the native aquatic strain Rhodotorula pacifica for the extracellular synthesis of
ZnONPs with CFE strategy. The biosynthesized ZnONPs had a growth inhibitory effect all tested clinical isolates due
to their nanometric size and well-defined dispersity. This investigation is attempted to indicate the novel microbial
sources of aquatic yeasts as biological plant in the synthesis of ZnONPs with antimicrobial activity under cell-free

extract strategy.

Key words. antibacterial effect, aquatic yeast, biosynthesis, nano-zinc oxide, spectroscopy

5 bl @i b S adgs 5 SUikas (bl laes gl 3
pole o597 50 1) sl 0p)5 yal (ol &5 st aly )lky
Limet) wiS oo g5, oz Shlas b g5yl 5 (S5 co
sle by, 5l eolinsl .@l., 2010; Mohd Yusof, 2019
Sl o Glyie 4 g, weS O3l Sle jo
slaaaly hls a5 goe o ,Shee b hdgh el gl o
G ik 0,505, el 00,5 Hoebs ccenl slosladl 358 Sleyo
o) @yo & gl e baze jlatugd 9S4y, S
356 00 S polie ag el 5 Cenl s 5yl 55l
Sl oo @alp ) pallbl g8 o g 5 Al (59, w5
(s Slagbs, e o (Bolbanabad et d., 2020)
o SalS 60 lyiea grete ladrgu I colil
@ Ogfe & e S3gL Sl ln el R
dodo @ bopede e G bz Jliegs 5 4o
M )55l o) (Sdnlie g95 sl ool Sld
ol (Selu g oole sdse slge I eolatnl b a0l
Sh3gl jaw lp oelie an S adly (o (o b
Slalllas 59,00 45 b .(Ashengroph, 2014) asb g, oS
w0 i oz Sl o3ls gl (S P a3 (orws
9500 it sladigw bug g9; iy g peoVl b
by o) Gl)dgl jw 4 Yl &5 Ll a8 S O jg0
Yarrowia lipolytica Jols calisee (505 slodisS
Cryptococcus laurentii Candida utilis
Candida .Pichia pastoris .Saccharomyces cerevisiae
Candida glabrata , Rhodotorula glutinis .albicans
Magnusiomyces ingens ,osw laws Mo &l 350w
Saccharomyces oz lwg ppoVl oldgl o
sore byl Gy adlpusl i Gizen o CEreViSe
Gahlawat & ) s405 o,Lsl Rhodospridium diobovatum
S5y demS| O3k i Jb cpl b (Choudhury, 2019
Candida sp. MY2 s Glagw o Lo
Pichia  kudriavazevii (Ashengroph,  2014)
Candida albicans .(Moghaddam et d., 2017)
ol 5o el sals 3155 (Shamsuzzaman et a., 2017)

dodfo

9 B (Sl YV ()8 53 vt 5 ysebgs pole 5l 5l (5 pl8

Cam) ogon «Su3d pole plesl 4 jmie 09> (nl 50 dnwg
2 B G SSS b ooad pwaige 5 (S (omlid
Bayda et 4d., ) ogds dlul eil maw jo ool (5,
S 5 6503l osmline o, Ss (gl il (5,53 (2019
Jdo a4y 3l Gl Jlo jo a5 cewl (gegl Ve B Y ulide
4 e g WIS )5 axgi 000 0l x> 4 e S
Wgdige basSge 5l S (Fp S Wl i 25T
Sygo 4 a5 By dlge Sluogas (DurAn et d., 2010)
Sax elys Dldgl g wiS pe i Wed g O34
S simsge 5 555 | S5 5 omblin splomsd (e
@ B 1) Ll g ojls S Ll (559058590 5 S5 wojlail 4
Rajeshkumar ) w5 o laes Koo 5 sl LS b Jobss
@ 1) s ax5 (59 00ST O350 (& Sivapriya, 2020
Vb o @ el S Jro (638 4 ez sla Sy s
eix @l b GenlesT Wen 551 by srloST
Limet) cul ooges cd> 055 4 (6,9 S 2lid 9 Vb (5,90
5 Shyp S oS sl @ldglb ol @, 2010
sy S S 5o ooliiul g yls Jlasl ol salizxs gig,l0
e Gk 3l ST slagiasTly o (e 35 olss
ao ol ol ws olsr dacemginle s¥eil S
5o odliinl g o Jobo 51 )ls gl (omgng 22 5 (2L S
CLET s 5 (Sisse slop S50 ohis (ol 5 ()T olse
Jiang et al., 2018; Jangi ) wls |, (5,5 zlsel i Jdo &
ols aloons 5 Sapd il lasSs (et dl., 2020
(ol plerd s, (Jlggnee (Sl pRs YL
b G oy g e gels S bt Lo
el 0y oolatl (59 ST &l,350 Jiw (6l (6) 55,000
(Kotodziejczak-Radzimska & Jesionowski, 2014)
oz 5l (omlee Do Vb Copw 3929 L oud 55 slaSiisS
5 Sl Jlus 4y azgi pas by 550 Srae on OIS
5 Slaad (D350 rezd gl )0 ald sbml iy Lanxe
A som SlodisS g b Pl 3l oolaiwl wads s ©l,346

196/\a5


http://dx.doi.org/10.52547/nbr.8.3.195
https://dorl.net/dor/20.1001.1.24236330.1400.8.3.6.9
https://nbr.khu.ac.ir/article-1-3459-fa.html

[ Downloaded from nbr.khu.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.24236330.1400.8.3.6.9 ]

[ DOI: 10.52547/nbr.8.3.195 ]

Nova Biologica Reperta 8(3): 195-205 (2021)

Vg a2 0 YO sles jo (6,108 il 5 el VY 51 g
(Washington et al., 1980) 15,5 1,3 aslllas 5,90
o)lac Codd 59y wawST OI)d9ib (Jolw gy Fww (ow)p
Jokw 5l ssle

@hls NS02 jazes ay5m Jsko 51 s)le o)lac ags sl
Sliglesl plnil cuz w9y O @ S Sunglie YL
o3l S I S gl S gy, st Sldgl s
Celu¥F Soe @ g mils YPD mole S s 4 (50500
4o VO gloo 5 Yoo TPM o0 Ll S0l 550l o
S oo (gmmilwges | 00,0 S0 5 ()18l 5 Logaandes
Fod e B0 sl ) (Lo T0e sla ] e wond
b e 0 (6,105 550l ailie Loyl v yle S Jaomo
Labofuge-400 Joo) oJbesn Seminyile 5l oolaxul
CutS Ciblyges 5l sretme Sy 0058 (Olall 388 ol
A gmdes a0 F (glos adBs (o j90 B0 0) 0l gilulas
S 0 Slies ol o Ol L ginnd )b aw 5l
O sl oS gid (VO o)l o )5S0 (Sl 005
Sebo VF oo 4y 5 i) g oyl opsgns ol i (s
gl b 8,5 el KM=65 Jas) ls,silsSil ,Seis 4o
a0 YO les g Yoo 1PM ) al Sl (olp! s
L e 0095 ()5 LS 0)93 (bl G (Gogend
Sy 09 5l sle o)las g e ile Sl eslinul
ety s Glp Sl lgieds 00l (551 gaz (505
A oolaiwl (g9, duST Bl346 4 (59, Sl jle iy S
o 00 ol o o YO lap)l 4 sl cnl sl
slomo woad bl (syeme Jsbo 5l s ojlae 5l i
a9 L3l (63, om Yse ke O (2l ke L) (s, Sl
399 9 gemdo 420 YO oles Lyl )l cow el YT Cos
oo 31 oloyad poby b (s JiSesSl Yoo M S
Lo plpear (Jsho 5l s)le ojlas gadls (90 ) (59, Sl
adsl o, (Bolbanabad et a., 2020) o ool J oS8
B9y 5 IS me odwline 5k 5l 55) ST S35 s
A plul UV-visible s el
w0l 15" (g p00 41 gus (J9Sho 9 (o gid (o2 Luvlids

5 iy, SRy bl et age gluls
ab bl bjee gany ik LS eluly oberdsn
dgw Jege Sluls jshae 4 (Kurtzman & Fdl, 2000)
sloails S8 b o 55 3l ool b cog55 DNA o seisl Coxie
5l Jels gmmilowsas (55, (Olass bead disruption) glas. s
0 plxl mle YPD ciS lame 3 jese awisls YF oo

OF- ) V200 ¥ olas h alo s psle s cng sloazily

Lol e sboasw olulis 5 Gilulanr (ragn
3,90 (29,500 MBS Plem b g9, vt Olydgl i ol
el 425 5 15 alae

g, g dlge

@ o Canglin G syt 9 ST Sl ato g5l

S99 0%
ol 555 6byo o Jrlgw 5l (s Ol digad Ve ol
36'39 N51°30" ) i85 5 (3654 N 50° 40 E ) el
Gl 2 Baa b ad g5l ez VYA Lo e Jab 0 E
3 e S5 sy s @ pslie sl e sladyse
oSS 2t Glalae 4 ond 6y5] pex Ol ladiged
J&ay oS 6o pb v lajesae lulax polais]
(HldSSI Quelab s o 5l oo (gl ,3) BT Ssaal IS
JB) 9 G 0 S /) chald) JSeaal 5ol il
@ )5S0 uaS Lame ;5 d9zse (R jo 0,5 /0 VO cbils)
o 0w sl S 5 b Sl ab) Gy el S
5 22y W YL (psld) (55, Sliwl j5Sae e 4y 090
0 ol cdale s (@Wl-leSw S8l ead gl 5
slyld &b 5l ooges Jorl 5l om 69y O Vs e
s S gladaize wl 03938l S5 S ITD (Spes pos
68 T cels YY Goe 4 ugandis 4,0 YO ,53LoSTl o
Sk 5l srete sla (S wdy Sl pliebl Jpax 5l e b
(6o PN Slhaalie 5wl SSu, by
St otS lalasme g5, 5 ol gjlulir gla LS
olac i 0 0 8 Yo gy id o e 5 Ve SIS YPD
il A (R po o5 Y 5T g 2l 0 08 Ve et
Sbagw Cwglie 651 .(Ashengroph, 2014) oo
8y ey Bk 3l 65y O3 d Camd a6 5 JL S (5 e
Gl skee VYO slagd)l 4y jslate ol (gl o s ST 0
ol sl was wsd LETYPD 5l o) Lo Yo (ogl>
IO XIYO X ANG A AT D VD) g5, Sl s
9 OIYO & FIVO F/o FIYO F XIVO XD XIVD & NIV
s 4y glatd glacaly U351 a5 48LSl (Yse Lo 010
a0 Foo oo yo BT slacad, s aisy, pe sSle A
la,] sb e s b 0iis F 18 cels ¥ e 4 o5 il
b 5l ) 955 Ve Gl dliwgdy G g 098 S
(oo, 0)) 00,8 sy ] 5o 50 9550 09,50 o5 mabo
0ods il g ,Se) dgy a0 T W51 5 oy
el 8,5 13 s BT Lume cg, » (VO x) -Acfu/ml

197/\ 2y


http://dx.doi.org/10.52547/nbr.8.3.195
https://dorl.net/dor/20.1001.1.24236330.1400.8.3.6.9
https://nbr.khu.ac.ir/article-1-3459-fa.html

[ Downloaded from nbr.khu.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.24236330.1400.8.3.6.9 ]

[ DOI: 10.52547/nbr.8.3.195 ]

Soosani et al. Green synthesis of zinc oxide nanoparticle

i s S sl gl lans il (sladisas 5 oas lax
Gk Sl isg ead ag Gl S (Shp pole oladls
ghe » Selx ) jlasl by, a9 ol pas dla (55 o5l
sy ol o (Abdolmaleki et al., 2018) i o), LT
o Jols 5908 b (29 ,5en gemilimgns 3l 00bal Sl ey
o5 o 6l atgd s 5 olial b ez ciS wid )b S
2855 ol BT s Jse ctS b gl
@bSaly (S b socel ghw (b SaS Gl
Ll oyl gl (g SeS 4 o lae O (o5l 4
S 89y ST D350 5l g e B (e g 0
Gk 5l ooges Sl e sk 5l sole ojlas p3 en
5 G e ppS (oo V) clale a5 plion 8 olSes
o Gk I il s Ol o osed uypend
Gae 4 el ab asy, (Visonic, China) Sigwl 2yl
Ol 5l ol 4SSl Legade a0 YV slos o cels VY
Gy Siser 55y shte SRS plyiear ol e
Sule 5o b esliiul Cutte JpS Glgiedy JSedal IS bl
a5y pas dle jhd o pSojlal b b Sk conles Glie

28,5 18 e 950

09 o (o) 9695 4 palie (s oo b 4y g (g5lwlor
P G5 dguw 33 (59 S| O35l (Jokw

ol Gt 6 dgw 1P (il (8 2t ST bl
ool (slaay g Ceaglite (658010l (g3Lulazr (59, g 4 pslie
bl boad (8 YPD mle S L 0 (55, (32 & Sand
A e T 50 E8) sy Bk 3l gy Sl il sl
b s ot Cuglio e odal Cuss b ulul
ot ol 5 0 Kiess Yae oo OIYO b <V oy 0 6,5
Llo 1y (595 (92 4 S Cunglitn 050 5V a5 NSO2 (g a0 450
i lisles] cez 5in g Glyisar GYse (o OIY0) 55
Jsbo 5l ke o)las jSal, b g9, 9enST5l 4 (55, wlial (g
S ey b b 59y 98T D39l pia ad oSy
Slaalie b 59 amSTel & (Voo (o & hile) (55, Sl
BB UV-vishle) ziylp- S od> ab adlas 5 oo
Jobo 5l )l ojlae bawgi (gims s J1 50 el (antas
St & bl B 4 K (0 SLaS I 25Ty Jole S
Jo5i Sl s9zge @lie Gululy a5 oal Jas ()
Ashengroph, ) cul (55, a1 &35l GaelS” ygmnibiwges
89 ST D1,3636 092 LS g (2013

595 251 D39l ok (950 5 o s )00 5 (rusgen

55kl g0 5l PCR _zsSly ol ol (Yamada et d., 2002)
BL-TCCGTAGGTGAACCTGCGG-31) ITSL  o50e
GU-TCCTCCGCTTATTGATATGC-31)  ITHA
$le ks 0,90 polie g olge (White et d., 1990) wis ooliul
Gk ST plnl gles Lulyd (pizmes 9 PCR(2Sly ol
Ashengroph et d., ) i plxl IS 5 Ashengroph s,
Liye gl S o dly by codl Job s (2011
ooliiul b Sigeld i o ol awslie NCBI o5 SO jo Soop
e b g NEighbOr-joining oy, (bl »» s MEGA 7 f38l 5 5|
Kumar et d., 2016) o s 1,5 Vo v+ gl
9972 9 o Fiw al g (LI 9 (62l Glaaline
$9) S O34l

ol 5ol b iy bylis 15 o0 i (53, dwaST S35k
@ ol Slalis jlosliiul b wel)lS (g 05 dgm Joho 5l s)le
SregdepSesl  UV-vishle (sl Jobre S5, 50
9y S9rSI oS Sae b (5l pnsas «Specord 210)
$x Hln o FESEM-EDX) (5,1 8ty (oS0l a0 & e
JS25 o Al 3 285 5wy 3,90 XRD) S
sgbie &l paseine (1STy Jolone ) 5 sanlin b 360
A5 0 Be e 593 b ladiged (g fagidy il (pder b (e
Fogll Are BV e odgamme 13 (09) Joloee 5l g od Gendy ile
S35 0l eSilee (UK sy pp B b s 285 i ik
Mira) FESEM-EDX ;U1 5l ;)] (s paic oS 5 g ooy oS
X'Pert-MPD, ) XRD ;U1 .o eslics! (3-LMu, TESCAN
soliztl (g5, 9T ol 35 (5,5l Lo anlllne sua L (philips
ol 2] w3, demST Slydsl Ladss 5 gilolir Bus by o
boloa )3 ool 825 (55, 9T D35 ol Jobos 5l sl
0313 jg:e (S9SN VY (K sloyikid 5l (s Cey 25T
IR VP TIPTI N PR TARRIRD I (RSYCR PRPVV T R R WOURI W
il il LAl Bun b g aslel jo .au0 F colanul (aads TO

5 Jistel o3igd Ol b ol gy pitad oud g9l oz
oo ;o ladiges Culyd jo .8 pdy plxl Jbaw o] 5eui il
oae 4 (Alpha 1-2Dplus, Chrigt, Germany) ,l,e5 8
Ashengroph & Khdedi, 2020; ) oo e celuYf

(Bolbanabad et d., 2020
oul Jow (59 dwS | O)09i0 29,0 WS S
e gy @

Slali Lo ply 50 (55, ST 136l (09,0 do olad

Klebsiella pneumoniae Escherichia coli L z:sL
Streptococcus pyogenes 5 Pseudomonas aeruginosa

198/1aA


http://dx.doi.org/10.52547/nbr.8.3.195
https://dorl.net/dor/20.1001.1.24236330.1400.8.3.6.9
https://nbr.khu.ac.ir/article-1-3459-fa.html

[ Downloaded from nbr.khu.ac.ir on 2024-04-11 ]

[ DOR: 20.1001.1.24236330.1400.8.3.6.9 ]

[ DOI: 10.52547/nbr.8.3.195 ]

Nova Biologica Reperta 8(3): 195-205 (2021)

(F-)Van-v-o ¥ o)L@i} A Ab“é_.u) P}l‘: PR sasl

2741 nm

Absorbance (3. 1)
—

8
s

0.4 ] /‘ ." IKL 371 nm

——— Caomiirol Modinam

- Biolransalormed rmediorm

200 200 400

Wavelenigth (nirnd)

500 SO0 00 200

YO 5o shaws cay STy el YE 51 g Vae (Lo 0 cdale )5 (g9, liwl Jolore (5505189 xSl i o b 5 etz Slaalie -) S
Jsbo 3l s)le o,lac) Lo ) daazme g (59, Dliwl W8 Jolos 31 g)le o,lac) JuS laxe jo (adBs ;0 ;90 Yo r) Ho0w S0l (g9, dJ}MMl..u) a0

(5 Dbl S b oy Lo

Figure 1. Visua observation and UV-vis spectra of the reaction mixtures in the control sample of cell-free extract (without
Zinc acetate) and cell-free extract treated with Zinc acetate after 24 h incubation at 25 °C on a shaker at 200 rpm.
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Figure 2. Effect of incubation periods on zinc oxide nanoparticles production in the reaction mixture containing cell -
free extract mixed with 5 mM zinc acetate at 25 °C with shaking at 200 rpm.
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Figure 3. (A) Scanning electron microscopy (SEM) images, (B) Histogram of particle size distribution and (C) Energy-
dispersive X-ray spectroscopy (EDX) of zinc oxide nanoparticles synthesized by cell-free extract of the aguatic yeast

strain NS02.
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