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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.
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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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dispersive X-ray spectroscopy (EDX) of zinc oxide nanoparticles synthesized by cell-free extract of the aguatic yeast

strain NS02.

200/Y - -


http://dx.doi.org/10.52547/nbr.8.3.195
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.3.6.9
https://system.khu.ac.ir/nbr/article-1-3459-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ 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)

A B YO old GiasTy b USG5 (59, ST O35 i
Singh et a., ) Pseudomonas aeruginosa ;o s gl
90 olal b g JSE sl (g9, awnST Oly39ib jiiw (2014
Sphingobacterium  thalpophilum 5 gl f-
ST 36l jw cien o (RGADETaV € d., 2017)
Saphylococcus aureus ;s syl 8+ 6 V- 2sSTy b o,
aeST EL3gk s b bls )l s (Rauf et dl., 2017) sge5 6L
D3l (Sla) i & g (o0 Gl G SS g )
S gl V0 B FO Sl b IS (5555 5 (9 (A0 53y 9eeS]
e (Sarker et d., 2014) Alternaria alternate lawg
g ol A b5+ slad b S5 (59,5 (59, 9T 391
Slydgl sy «(Ran e d., 2016) A fumigatus
S gl FY B YA Sl ojlail @i b S8 (595 (55, 9]
o (Baskar et d., 2013) A. terreus ¢l aws, S lawg
5555 Slal b JS5 (e (55, a1 O3 i rimen
Vemurugan ) sges o Lol FUSSNUM SP. lawgs (6 yiegil V- +
gm0 Slalllas (6 et sladigu b bl o (et ., 2010
595 w1 D350 s 4 g e ez ] 5l a5 @B S 050
Po s o b £ b Ve 5Ty b e oS
S e 9 (MOghaddam et d., 2017) kudriavazevii
YO ol ol il b 65,5 acd 55, ST Sl,3sk
Shamsuzzaman € d., ) C. albicans sw bwg sk
b Ly 5o mawy biad Slisiss oéjude 0g9es o,lsl (2017
wilize Sapail g See bangs (55, wenST D39l Fwg
lawg Oldgib cpl chan) Fiw b LI o (goga0me Slalllas
ol Slrd a4z b jese 05 3925 (500 slaayge
Hgpew jogo dod 5l g Vb (Slaj 0095 4 (g yiws Sdgp
Frse Sl el SlalS Wilgi oo (s Gl S
O sl g Cnl 5 nlply il (55, wST 390
Rhodotorula pacifica NSO2 g5 e yesee Jamily b
s 0 (MW362559 5 wledlbl (STl jo us s 0,le)
D39l 4 jle Gy (lymmge Glpiedr 59, Sl S (i
Jobe 5l sole o)las Jal, b g (Jsho )15 )50 @ (59 9]
Ol3sl el Cuvsdy bl ululy @8 1E owyn 9y
Oygar g fegl Y7 6 ojladl (ke b S5 (5555 (59, 9]
S D3l ok (9p g e e B e ok (9
ok istogy sl Jobo alor 51 Sglize (sl Sl o il
33 Joke 5l le ojlas 5 et Ciblpygw ol Jb o
Ashengroph et ) cool oo (i,155 calisre slapass)lg Soe

.@., 2020; Ashengroph & Hosseini, 2021

201/Y -

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

lasl NSO2 dygm 585 Cugp puss Bom L og anlsl jo
ITSI- >l 00isS oS (5 e 5 zly5cl 0535 DNA
ITSA 5 ITSL Jloygsp sloply Gyb 5l 5.851TS2
(F JS2) <é 5 13 PCR 1STy 8550

by 5o LIy e @l oad pasie 5l o
3 deols i ulwly b sols 18 BLAST (5 5salS
Clagw b oo, ANY calis gl aaw pl candl
L aslol 4o .04 Rhodotorula pacifica « slate (s peske
Ol 5o wsw Gul &5 WD atie (Sskd axiS s e S
Lol oS o ey el ol sleasS
(Y JSs) s,ls Rhodotorula pacifica
o w59y sl Wyl (29,50 Wi Ol pl b
Rhodotorula pacifica NS02 Jslw 3l ssle o bac towgs

AT 35l 029,500 e (s 2 3l okal sty ol
Slssle ojlas jloslinul b (ctay jiw (g & 0ad jiw (9,
oz ooled (655 2 6ol S ColSe eals Cud jete Johe
S i odal Cassdy gl Lolaly sl b sl
o35l b KL pneumoniae ade , ,553e oldgh  Sus)ls;b
& byiye (A oo im0 a5 3 50 Shoo FIV (S5 o
2 el pe e FIA (SaiS e :Ske L S pyogenes
Olydgl (FoisS lee Ol el Cavoty b ulwly ggemxe
sy S 3 51 adllae (l 55 00 s (53, eS|
(A JS5) 09y JSecial 1 il

Sy S ) S 51 IS 4 Az g b (g9, dunST Ol 3630

S5 8l el e 5 s Jlgld Cowal )l o g
a2 1) 69y a3l i sl 1) W5 5 wae sl
S Gl olanisSs b ml, GlSKuSs a5 el 5l oS
61-“"’9*-“ )L:L’> u.».c@ LU VUOWe- 3 u’;).?r.c )L».w.‘ b.b.om gM)
“Jbe o e Slglhs coenl s (o318 )3l i g
T 3 JBh Oyar 59, 9nST Sl 35l i) i p3l glo
9 7B iz gladygu (6 5L alize laaguw by Jol
30 Gl 48T 18 dzg5 0550 (5 pete (slad g 5 (g350xe Sl
Sl wgw bug (g9, ST DlSgl s e b bLS)
S (2 g sl o (59 dmnST Sly3gil i Hlg o 655U
Bacillus  SL 0 jegl 0 G FO ojluil Kl b
aeST 1,346 3w (Saravanan et d., 2018) megaterium
L. 06 sl YA B Y &ld ojladl 28T, b S (65,5 (59,
(Sdvargan & Mohanasrinivasan, 2013) plantarum


http://dx.doi.org/10.52547/nbr.8.3.195
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.3.6.9
https://system.khu.ac.ir/nbr/article-1-3459-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ 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 59y S 360 Johoo 90 9 o Fiimw -0y Se g agen

Zn0O BioNPs

1800 -

(101)

1600
1400
1200
1000

800

Intensity (a. u.)

600

400

20 30 40 50 60 70 80
2 © (degree)

NSO2 (5 joss spm Jolo 31 (s)le (5 0jlae Lo o s (55, 98T 210536 XRD) (il 535 (il 55501 -F S5
Figure 4. XRD pattern associated with zinc oxide nanoparticles produced cell-free extract of the yeast strain NS02.

S NSO2 ¢ 050 g (S B Frv LS5 0,08 b sl juS56 oSy Ko 5 5,0 NSO2 (g pasee ayg (ool Csu) oy A -0 JSb
SETYPD s luxe

Figure 5. A. Morphology of the yeast strain NS02 by phase-contrast microscopy (x400). B. Colony of the yeast strain
NS02 in YPD agar medium.

100 bp DNA oo oin
Marker WN&0?2 Control

1500 bp 1500 bp
1,000 bp

1000 bp 200 bp
BO0 bp

00 D:J

00 bp

i ITS1-5.8-ITS2 '
p (573 bp) 500 5p

400 bp
- 300bp
100 hppE

Ly 00bp

100 bp

&3k ci OVY Jgame JuSis g PCR g, LNSO02 (505t (s 419w I TSI-5.8S1TS2 usgsilsss g i -8 S
Figure 6. PCR amplification of 1TS1-5.85-1TS2 regions of rDNA of the yeast strain NS02, which was yielded a PCR
product of 573 bp.

202/ - Y


http://dx.doi.org/10.52547/nbr.8.3.195
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.3.6.9
https://system.khu.ac.ir/nbr/article-1-3459-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ 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 ¥ A)LAL'; A \.\l>“5....;) ﬁjlc PR sasl

13

100

ool

Rhodotorula mucilaginosa CBS 2376 (K'Y 104868)
Rhodatorula mucilaginosa CNS 2386 (KY104792)
Rhodotorula sphasrocarpa CBS 5910 (K'Y 101908)
Rhodoterula sp. TGC 5380 (AT387143)
Rhodororula sp. IGC 5597 (AF387139)
Rhodotorula dairenensis CTS 4406 (AT444501)
[~ Strain NS02 (MW362559)
o |Rhodot9ru§a pactfica SY246 (AB193175)
Rhodotorula torulvides CBS12015 (KY104915)
Rhodotorula mucilaginosa CBS 12021{KY 104803)
= Rhodotorula dairenensis CBS 7294 (KY104734)

Rhodotorula glutirns ATCC 16726 (FI345357)

<l Rhodotorula u slael o ;0 NSO2 45 cundys oazas olis 5 Neighbor-Joining ez, 51 esli! b (Sesield cojo =¥ S

ol 00 03 )51 5l 50 (S5 STb 48 0l b (Gldy g (o yiwd oyles A oliil o pu i S8 b5yl sl LS5 1000 b Gyl g 3, )

Figure 7. Phylogenetic tree based on Neighbor-Joining Algorithm showing the position of the yeast strain NS02 within
the genus Rhodotorula. The numbers shown at the branch points indicate percentage bootstrap values from 1000
datasets. GeneBank accession numbers are indicated in parentheses.

E. coli K pneumoniae

Chloramphenicol |

Z1NP

¥n

(1 mg/ml)

P aeruginosa 3. py

ogenes
B3 * 7aNPs
A - «Chloramphenicol
] H
Q & _I_
8. @ ;
£ | L
B L
= 3 i g
=
il
o 2
2
R
N
N |

E coll K preumoriae F. aeroginosa §. pyogznes

Clinical pathogen:c bacteria

b slaalax o9, » Rhodotorula pacifica NSO2 Jlo 5l s)le o lac Lawgs odd jiw (59, dumST 3556 09,500 oo ol 5l - A JS
Figure 8. Antimicrobial effects of Zinc oxide nanoparticles produced by cell-free extract Rhodotor ula pacifica strain

NS02 against clinical isolates.

ol lo b anolie ,o cnlpby 93 o oolinal &l,35k
w9 3l Jol Sldel g 058 e LT 5w e anl )
(Bolbanabad et a., 2020) 55 slyz o555 cmwlio
Sl ;0 SHn e S Sy u.:.ﬂ 4 Zeoglie iolial

as slagyle 5leo s colaiwl ol (Sayn o9 g9yl

95 Jsbw @)l 5o 3o b analie jo (Joko (g s Cuje

Sz P gbles 4 5l oS el ol Jsbe wha » L
arie golazdl Bl 5l pl il 50,05 525 lyd5ik 2l 5l
sl olas JSal) 5l 2 agh 50 e sl 4yo 4
s S5l S 5| s, ol 3 b eslisad Jobo
Sl 5o g Jele glgiedy gl byl cod ool ades

203/ -Y


http://dx.doi.org/10.52547/nbr.8.3.195
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.3.6.9
https://system.khu.ac.ir/nbr/article-1-3459-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ 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

REFERENCES

Abdolmaleki, S., Ghadermazi, M., Ashengroph, M.,
Saffari, A. & Moradi Sabzkohi, S. 2018. Cobalt (Il),
Zirconium (IV), Calcium (1) complexes with dipicolinic
acid and imidazole derivatives. X-ray studies, thermal
analyses, evaluation asin vitro antibacterial and cytotoxic
agents. Inorganica ChimicaActa480: 70-82.

Ashengroph, M., Nahvi, I, Zarkesh-Esfahani, H. &
Momenbeik, F. 2011. Candida galli strain PGO6: A
novel isolated yeast strain capable of transformation of
isoeugenol into vanillin and vanillic acid. Current
Microbiology 62: 990-998.

Ashengroph, M. 2013. Isolation and characterization of a
native strain of Aspergillus niger ZRS14 with capability of
high resstance to zinc and its supernatant application
towards extracdlular synthesis of zinc oxide
nanoparticles. Biologica Journa of Microorganisms 2:
29-44. (In Persian).

Ashengroph, M. 2014. Fast and extracellular synthess of
zinc oxide nanocrystals using the novel isolated yeast
drain Candida sp. MY2 Cdlua and Molecular
Researches 27: 155-166. (In Pergan).

Ashengroph, M., Khaledi, A. & Bolbanabad, E.M. 2020.
Extracellular biosynthesis of cadmium sulphide quantum
dot using cell-free extract of Pseudomonas chlororaphis
CHRO5 and its antibacterid  activity.  Process
Biochemistry 89: 63-70.

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

Baskar, G., Chandhuru, J., Fahad, K.S. & Praveen, A.S.
2013. Mycologica synthesis, characterization and
antifungal activity of zinc oxide nanoparticles. Adan
Journal of Pharmaceutical Technology 3: 142-146.

Bayda, S., Adeel, M., Tuccinardi, T., Cordani, M. &
Rizzolio, F. 2019. The History of nanoscience and
nanotechnology: from chemical-physical applications to
nanomedicine. Molecules 25; 1-15.

Bolbanabad, E. M., Ashengroph, M. & Darvishi, F. 2020.
Devel opment and evauation of different strategies for the
clean synthess of dlver nanoparticles using Yarrowia
lipolytica and their antibacterid activity. Process
Biochemistry 94: 319-328.

Ding, X., Lin, K, Li, Y., Dang, M. & Jiang, L. 2020.
Synthess of biocompatible zinc oxide (ZnO)
nanoparticles and their neuroprotective effect of 6-OHDA
induced neurd damage in SH-SY 5Y cels Journd of
Clugter Science 31: 1315-1328.

DurAn, N., Marcato, P.D., Ingle, A., Gade, A. & Rai, M.
2010. Fungi-mediated synthesis of slver nanoparticles:
cheracterization processes and applications. In: Rai, M.,
Kovics G. (eds) Progress in Mycology. Springer,
Dordrecht.

Gahlawat, G. & Choudhury, A.R. 2019. A review on the
biosynthess of meta and metal sdt nanoparticles by
microbes. RSC Advances 23: 12944-12967.

Jangi, M., Mohammadgholi, A. & Divsalar, A. 2020. The
investigetion of the effects of synthesized Zinc oxide
nanoparticles on the DNA using green chemistry. Nova
Biologica Reperta7: 145-152. (In Persian).

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

15 Bpoacdl8 g e gl el 0y org)Sen > (slvglo
Ol 5 el Gal38l o o gy jsb a4 eSS
1o olss b oldgl anle SluS 5 gl by bl
2 008 jlganal 5 0gilly (slad IS g Sl (5590 (29,0
Sl ygas JB Gk ol Sl el lg s Gl Lok
o 0 4355 b (59, ST 1,340 (Usman et al., 2013)
Cuaglio pas (pizmed 5 Comw poe 2> & mhe Y
6L Jold a8l S0 5l (armg sl 2l 53 (29,50
@950 2 SISl b 7,6 5 (e 05 g e 05 lo
Rajan et a., 2016; Moghaddam et a., ) swn 48
s cllad LIS g ol o (2017; Rauf etal., 2017
sbabe (Sp alde i 5w S35l (9,5
5 Sldgl ple on Sz @ azg boad ey b
don e Colle e Ul CSleSe iy
sbalaz (Bixe 00,5 odaliv ool Cud 5L glaalax
ok Oap P 0 G @l Olsiea ol e
el (298 wd Cld b5y, weST Sl
Sile e bl ol el g cnl slassliws
@ ol glojle G o Cew 0 e slaylly
@l Slojns (ow)p (eizmed 5 (59) wenST Dl,350
&5 b ol 4 ob Cass Il iwgn anls o Jeso

D5l ool )3 5YL glaubidie ;o Y ()l 5 el

&l 5wl
a2 )5 sl bl Gl g sagh s
Gy oRasls wl )l wlil )5 gemiils cwgw blis ol
i 550 g SRS ol 250 St gleial, cov
olisls g bws,S oy sgine 5 Jbo colox by sz
il allie ol Gt ss alginns o Sl ot 2l 5,

Ayl e pdlel 1) 095 iloja8 4 Sis

204/y - ¥


http://dx.doi.org/10.52547/nbr.8.3.195
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.3.6.9
https://system.khu.ac.ir/nbr/article-1-3459-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ 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)

Jiang, J., Pi, J. & Cai, J. 2018. The advancing of zinc oxide
nanoparticles for biomedical applications. Bioinorganic
Chemistry and Applications 2018: 1-18.

Kolodziejczak-Radzimska, A. & Jesionowski. T. 2014.
Zinc oxidefrom synthesis to application: a review.
Materids (Basdl) 7: 2833-2881.

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

Kurtzman, C.P. & Fell, J.W. 2000. The yeasts ataxonomic
study. Elsevier, Amsterdam, pp 1-525.

Lim, Z.H., Chia, Z.X., Kevin, M., Wong, A.S. & Ho, G.W.
2010. A facdle approach towards ZnO nanorods
conductive textile for room temperature multifunctional
sensors. Sensors and Actuators B: Chemical 151: 121-
126.

Mahamuni, P.P., Patil, P.M., Dhanavade, M.J., Badiger,
M.V, Shadija, P.G., Lokhande, A.C. & Bohara, R.A.
2019. Synthess and characterization of zinc oxide
nanoparticles by using polyo chemigry for ther
antimicrobia and antibiofilm activity. Biochemistry and
Biophysics Reports 17: 71-80.

Moghaddam, A.B., Moniri, M., Azizi, S., Rahim, RA,
Avriff, A.B., Saad, W.Z., Namvar, F. & Navaderi, M.
2017. Biosynthesis of ZnO nanoparticles by a new Pichia
kudriavzevii yeast drain and evauation of their
antimicrobia and antioxidant activities. Molecules 22:
872-890.

Mohd Yusof, H., Mohamad, R., Zaidan, U.H. & Rahman,
N.AA. 2019. Microbid synthess of zinc oxide
nanoparticles and their potential application as an
antimicrobiad agent and a feed supplement in animal
industry: a review. Journd of Anima Science and
Biotechnology 10: 1-22.

Rajabairavi, N. Raju, C.S., Karthikeyan, C,
Varutharaju, K. Nethaji, S., Hameed, ASH. &
Shajahan, A. 2017. Biosynthesis of novel zinc oxide
nanoparticles (ZnO NPs) using endophytic bacteria
Shingobacterium thal pophilum. Springer Proceedings in
Physics 189: 245-254.

Rajan, A., Cherian, E. & Baskar, G. 2016. Biosynthesis of
zinc oxide nanoparticles using Aspergillus fumigatus JCF
and its antibacterid activity. International Journa of
Modern Science and Technology 1: 52-57.

Rajeshkumar, S. & Sivapriya, D. 2020. Fungus-mediated
nanoparticles characterization and biomedica advances.
In: Shukla, A. (ed.) Nanoparticles in medicine. Springer,
Singapore.

Rauf, M.A., Owais, M., Rajpoot, R., Ahmad, F., Khan, N.
& Zubair, S. 2017. Biomimeticaly synthesized ZnO

*kkkk

How to cite this article:

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

nanoparticles attain potent antibacterid activity againgt
less susceptible: S aureus skin infection in experimenta
animals. RSC Advances 7: 36361-36373.

Saravanan, M., Gopinath, V., Chaurasia, M.K., Syed, A,
Ameen, F., Purushothaman, N. 2018. Green synthesis
of anisotropic zinc oxide nanoparticles with antibacterial
and cytofriendly properties. Microbial Pathogeness 115:
57-63.

Sarkar, J., Ghosh, M., Mukherjee, A., Chattopadhyay, D.
& Acharya, K. 2014. Biosynthess and safety evaluation
of ZnO nanoparticles. Bioprocess and Biosystems
Engineering 37: 165-171.

Selvarajan, E. & Mohanasrinivasan, V. 2013. Biosynthesis
and characterization of ZnO nanoparticles using
Lactobacillus plantarum VITESO7. Materids Letters 112:
180-182.

Shamsuzzaman, M.A., Khanam, H. & Aljawfi, R.N. 2017.
Biologicd synthess of ZnO nanoparticles using C.
albicans and studying their catdytic performance in the
synthesis of seroidal pyrazolines. Arabian Journa of
Chemistry 10: 1530-1536.

Singh, B.N., Rawat, AK.S., Khan, W., Naqvi, AH. &
Singh, B.R. 2014. Biosynthesis of stable antioxidant ZnO
nanoparticles by Pseudomonas aeruginosa rhamnolipids.
PLOSOne9: 1-12.

Usman, M.S., El Zowalaty, M.E., Shameli, K., Zainuddin,
N., Salama, M. & Ibrahim, N.A. 2013. Synthesis,
characterization, and antimicrobial properties of copper
nanoparticles. International Journal of Nanomedicine 8:
4467-4479.

Velmurugan, P., Shim, J.,, You, Y., Choi, S., Kamala-
Kannan, S., Lee, KJ., Kim, HJ. & Oh, B.T. 2010.
Removal of zinc by live, dead, and dried biomass of
Fusarium spp. Isolated from the abandoned-metal minein
South Korea and its perspective of producing
nanocrystals. Journd of Hazardous Materids 182 317-
324.

Washington, J.A. & Sutter, V.L. 1980. Dilution
susceptibility test: agar and macro-broth  dilution
procedures. In: Lennette, E.H., Baows, A., Hauder, JR.
& WJTruant, J. (eds). Manual of clinical microbiology,
39 ed. Washington, DC: American Society for
Microbiology, pp 453-458.

White, T.J. 1990. Amplification and direct sequencing of
fungal ribosoma RNA genes for phylogenetics. In: PCR
Protocols, a Guide to Methods and Applications, 315-322.

Yamada, Y., Makimura, K., Mirhendi, H., Ueda, K,
Nishiyama, Y., Yamaguchi, H. and Osumi, M. 2002.
Comparison of different methods for extraction of
mitochondrid  DNA from human pathogenic yesds
Japanese Journd of Infectious Diseases 55: 122-125.

Soosani, N., Ashengroph, M. & Chehri, Kh. 2021. Extracellular green synthesis of zinc oxide nanoparticle by using
the cell-free extract Rhodotorula pacifica NSO2 and investigation of their antimicrobial activities. Nova Biologica

Reperta 8: 195-205. (In Persian).

Rdodotroula pacifica Jsle 5l )l ojlac bawg (55, ST Oldel Joko gy 5 jow 5o Ve (G2 § -p B Sl .y e g
NRO-V0 A S r°9l‘ PaRety sloassl, -Q] ‘59,5% *o uo‘? [CadP] NS02

205/ -0


http://dx.doi.org/10.52547/nbr.8.3.195
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.3.6.9
https://system.khu.ac.ir/nbr/article-1-3459-en.html
http://www.tcpdf.org

