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Abstract

The study aims to investigate the biosynthesis and characterization of gold (AuNPs) and sil-
ver nanoparticles (SNPs) using biomolecules: exopolysaccharides (EPS), culture-free filtrate (CFF) and
fruiting body extract (FBE) of Pleurotus ostreatus (PO), and to evaluate the antibacterial potential of the
nanoparticles against some pathogens. The nanoparticles were characterized by UV-visible spectra, FTIR
and SEM. Nanoparticles formation was confirmed by changes in colour; colour changes from pale yellow
to purple, cloudy colourless to purple and yellow to dark purple indicate, respectively, POEPSAuNPs,
POCFFAuNPs and POFBEAuNPs formation. Colour changes from pale yellow, cloudy colourless and yel-
low to dark brown indicate POEPSSNPs, POCFFSNPs and POFBESNPs formation, respectively. Surface
plasmon resonance (SRP) peaks were observed at 400 nm. SEM revealed POEPSAuNPs, POCFFAuNPs
and POCFFAuNPs as polymorphic with sizes ranging from 0.5 — 2.6 um, 0.08 - 1.00 um, and 0.2 — 2.4 pm.
POEPSSNPs, POCFFSNPs and POFBESNPs were aggregate particles with sizes of 0.2 - 3.0 pm, 0.2 - 2.8
um, and 0.1 — 3.2 um. FTIR showed that amide, carboxyl and hydroxyl groups contributed to nanoparticles
biosynthesis. The AuNPs exhibited a broad spectrum of activity against the tested pathogens compared to
the SNPs. POEPSAuNPs and POFBEAuUNPs had the highest inhibitory activity against E. coli while POF-
BEAuNPs had the highest inhibitory activity against Micrococcus sp. with MIC of 0.2 at 200 pg/mL, and
POEPSSNPs and POCFFSNPs had the highest inhibitory activity against S. aureus with MIC of 0.05 at
50 pg/mL. In conclusion, biomolecules from P. ostreatus supported the biosynthesis of nanoparticles with
enhanced therapeutic properties.

Keywords: Pleurotus ostreatus, exopolysaccharides, culture-free filtrate, gold and silver nanoparticles,
antibacterial activity, pathogen.

Pesrome

Ilenta Ha TOBa IPOYYBAHE € J1a CE U3CJIeBA OMOCHHTE3aTa M OXapakTepu3upaneTo Ha 31atHu (AuNPs)
u cpedobpHU HanouacTui| (SNP) ¢ momomira Ha 6Grnomonekynu: exzononuzaxapuau (EPS), ornekantupana
kynrypenna cynepHaranta (CFF) u exkctpakt ot minoaHo Tsuio (FBE) na Pleurotus ostreatus (PO), kakTo
U J1a ce HaIllpaBU OLIEHKA HAa aHTHOAKTEPHATHUS MOTECHIMAN HA TE3W HAHOYACTHIIN CPEILy HSIKOH MaTOTCHH.
Hanouactunute ca oxapakrepusupanu ¢ UV/Vis cnekrpodoromersp, FTIR u SEM. O6pa3yBanero Ha
HAHOUYACTHUIU Ce MOTBBbPXK/aBa OT IPOMEHH B IIBETA OT OJEJOXKBJITO IO JHIABO, OT OE3LBETHO 00JIAYHO 10
JIMJIABO, KAaKTO U OT KBJITO 10 TBMHO JIMJIABO, KOETO ChOTBETCBA Ha 0Opa3yBaneTto Ha POEPSAuNPs, POCF-
FAuNPs uPOFBEAuNPs. [IpomenuTe B 1BeTa 0T 071€ 105K BJITO, O€31IBETHO 001a9HO M KBJITO 0 TBMHOKA(SIBO
nokaspaT cboTBeTHO 00paszyBaHeTo Ha POEPSSNPs, POCFFSNPs u POFBESNPs. Ha0GmntonaBanu ce mukoBe
Ha NoBbpXHOCTHHUSA Mia3zMeH pe3oHaHc (SRP) mpu 400 nm. Ypes SEM POEPSAuNPs, POCFFAuNPs u
POCFFAuNPs ce Busyanusupar karo moJuMOp(HM YacTULIM ¢ pasMepH, Bapupamny ot 0.5 — 2.6 um, ot
0.08 — 1.00 pm u ot 0.2 — 2.4 pm. POEPSSNPs, POCFFSNPs u POFBESNPs ce Buxznar karo arperupasu
yacTuiy ¢ pazmepu ot 0.2 —3.0 pum, o1 0.2 - 2.8 um u ot 0.1 — 3.2 um. Ype3s FTIR ce nokassa, ye aMuaHUTE,
KapOOKCHIIHUTE M XUJIPOKCHIIHUTE TPYIM ydacTBarT B OMocuHTe3ara Ha HaHodactuiuTe. AuNPs nokassa
IIMPOK CIEKThp Ha aHTHOAKTepHajdHa AKTUBHOCT CpelLly TECTBAaHUTE MAaToreHd B cpaBHeHue ¢ SNPs.
POEPSAuNPs u POFBEAuUNPs umar Haii-Bucoka mHXHOUTOpHa akTUBHOCT cpemty E. coli, qokato POF-
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BEAuUNPs nposiBsiBaT Haii-BHCOKa HHXHOUTOPHA aKTUBHOCT cpetty Micrococcus sp. ¢ MIC 0,2 mpu. 200 pg/
ml, a POEPSSNPs u POCFFSNPs nMar Haii-BrCOKa HHXUOUTOpPHA aKTUBHOCT cperty S. aureus ¢ MIC 0.05
npu 50 pug/ml. B 3akirodueHue, nu3cie3BaHeTo JEMOHCTPUPA, Y€ OMOMOIIEKYIIUTE OT P. ostreatus mojabpxar
OMoCHHTe3aTa HA HAHOYACTHIIM C TIOBUIIICHU TEPANIeBTUYHH CBOICTBA.

Introduction

The increased resistance of pathogenic bac-
teria to conventional antibiotics has led to an in-
road into a novel field called nanotechnology. This
is a science that combines biology, chemistry, and
physics for the synthesis of nano-scale particles
that have numerous applications (Rezaei-Zarchi
et al., 2012; Demir et al., 2014). The field of na-
no-science and technology have gained great im-
portance because of its potential applications in
various areas such as chemicals, textile industries,
materials industry, medical diagnostic (future na-
nobots), drug and gene delivery and electronics,
diagnosis, artificial implants, tissues engineering,
computing, biochemical sensors, medical imaging
and so on (Huang et al., 2003; Ghosh et al., 2008;
Pissuwan et al., 2010; Pissuwan et al., 2011; Saha
et al., 2012). Moreover, it provides a platform to
modify and develop metals of unique properties to
form nanoparticles having promising applications
in diagnostics, biomarkers, cell labelling, contrast
agents for biological imaging, antimicrobial agents,
drug delivery systems and nano-drugs for treatment
of various diseases (Coster ef al., 2010). They have
been used to produce nanoparticles and these are
referred to as the building blocks of nanotechnol-
ogy. Nanoparticles can be produced using physi-
cal, chemical and biological methods and the latter
method is considered to be safe and eco-friendly.

Although biological methods involve the use
of bacteria, fungi, yeast, actinomycetes and higher
plants, fungi are considered a reliable source of me-
tabolites that can be used to biosynthesize nanopar-
ticles (Phanjom et al., 2015). Mushrooms, a higher
fungus, are gourmet cuisine with a high nutritional
value and therapeutic properties, and also known
to contain metabolites that have been confirmed to
have antimicrobial effect, a good example being P,
ostreatus, a cosmopolitan mushroom. Metabolites
such as polysaccharides and cell-free filtrates of
mushrooms may act as both reducing and capping
agents in nanoparticle biosynthesis, thus producing
bio-compatible and bio-stable nano-sized particles.
The use of mushrooms in nanotechnology derives
from the large production of bioactive compounds
that are eco-friendly bio-reductants, such as pro-
teins, polysaccharides and enzymes (Castro-Lon-
goria et al., 2011). These have been used for phar-
maceutical purposes due to their diverse biological
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activities that include anti-tumour and immuno-
modulation activities. It is usually secreted into the
environment and is known to reduce heavy met-
als in their surroundings because of the functional
groups (hydroxyl groups) and metal salt precursors
they possess (Mata et al., 2004). Since fungi are
very effective secretors of extracellular compounds,
therefore, achieving a vast production of bioactive
compounds. Also, the economic viability and facil-
ity of employing biomass are another merit of the
utilization of a green fungal-mediated approach
to synthesize metallic nanoparticles. Moreover, a
number of species grow fast and therefore culturing
and keeping them in the laboratory are very simple
(Castro-Longoria et al., 2011). In the present sce-
nario, nanomaterials emerged as novel antimicrobi-
al agents and this is due to their high surface area to
volume, unique chemical and physical properties,
and ability to concentrate conventional antibiotics
when used in synergy (Kim et al., 2003).

The most studied aspect of nanotechnology
is its ability to offer an opportunity to fight drug re-
sistance. The mechanism of action of nanoparticles
is quite different from that of antibiotics, thus nan-
oparticles are safe, economical and cost effective to
combat the challenges in future (Fayaz et al., 2011).

Biologically inspired nanoparticles synthesis
is currently a rapidly expanding area of research
in nanotechnology owing to their many advan-
tages, with silver nanoparticles (SNPs) and gold
nanoparticle (AuNPs) being the most studied of
the metals. Among nanoparticles, SNPs possess
higher antibacterial activity against gram-negative
and gram-positive microorganisms. Factors such
as solvent choice, non-toxic stabilization material
and environmental benign reducing agent are the
factors that are responsible for the biosynthesis of
biologically safe nanoparticles. Also, gold nanopar-
ticles, apart from their antibiotic capabilities, have
been used in nano-imaging due to their bio-com-
patibility, stability and bio-reduction ability. Gold
nanoparticles in peptidoglycan will disturb the
crystalline process of peptidoglycan by forming
an amorphous region around them, which will re-
duce the capacity to resist pressure from the inside
of cell walls. Usually, peptidoglycan has a crystal-
line structure that is resistant against the high os-
motic pressure inside the cell, which may reach 20



atmospheres in the case of gram-positive bacteria.
The nanoparticles will act as destruction triggering
points of cell walls. In addition, gold nanoparticles
can be utilized as energy sources of physical energy
under the fields of electromagnetic waves, X-ray or
ultrasound to damage cell walls or chromosomes,
leading to the suppression of bacteria growth.

Silver nanoparticles (SNPs) attached to the
surface of bacteria based on size. All SNPs were
found to be highly toxic to the bacterial strains and
their antibacterial efficacy increased by lowering
particle size. This effect was significantly enhanced
as the size of nanoparticles approached the sub-
10nm range and5Snm SNPs demonstrated the fastest
bactericidal activity as compared to 7nm and 10nm
SNPs at their respective, minimum bactericidal
concentration. The bacterial membrane contains
sulphur-containing proteins, and the silver nano-
particles interact with these proteins in the cell as
well as with the phosphorus-containing compounds
like DNA (Marini et al., 2007). Silver has a great-
er affinity to bind with the sulphur- and phospho-
rus-containing bio-molecules of the cell. There-
fore, sulphur-containing proteins in the cell mem-
brane, inside the cells and phosphorus-containing
elements like DNA are likely to be the preferred
sites for binding of silver nanoparticles. If silver
nanoparticles enter the bacterial cell, they form a
low molecular weight region in the centre of the
bacteria to which the bacteria conglomerates, thus
protecting the DNA from the silver ions. The na-
noparticles preferably attack the respiratory chain,
cell division finally leading to cell death. The nan-
oparticles release silver ions in the bacterial cells,
which enhances their bactericidal activity (Rai et
al., 2009).

Increasing resistance of pathogenic strains to
antibiotics has led to failure in the treatment of in-
fectious diseases and this is a major challenge in
the medical and pharmaceutical fields. These major
strains include Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa, and Klebsiella
pneumonia (Fayaz et al., 2011). Different infec-
tions by drug resistant strains have been reported
worldwide and are considered major pathogen of
community and hospital-acquired infections. These
have resulted into high mortality and morbidity rate
and the treatments are getting difficult as a result
of high resistance to antibiotics. Drug resistance,
especially in recent decades, has led to the search
for different approaches and methods for finding
new compounds against bacteria and fungi. Nano-
particles have dimensions of 100 nm or less. They

71

have gained remarkable attention because of their
unusual properties and the various applications
they are suited for, when compared to their bulk-
ier counterparts (Kato ef al., 2011). These features
have helped spread the use of nanomaterials at a
faster rate day by day. They can be used to fight
against germs, in diagnostics and treatment of dis-
eases, water and air purification, food production,
cosmetics, and clothing (Aitken et al., 2006). Sil-
ver is the most commonly used engineering nano-
material in all consumer products (Akinoglu et al.,
2014). Mycosynthesis and characterization of gold
and silver nanoparticles using EPS and CFF and
FBE of P. ostreatus and its antibacterial potential
against some selected pathogens was investigated.

Materials and Methods

Sample collection and culture preparation

P. ostreatus samples were purchased from
FoodCo in Ibadan, Oyo state, Nigeria. Mycelium
was obtained by tissue culturing, pure cultures were
obtained by sub-culturing and the stock culture was
maintained on PDA supplemented with 0.5% yeast
extract stored at 4°C on PDA slants (Jonathan and
Fasidi, 2003).

Clinical isolates of K. pneumonia, Bacillus
cereus, P. aeruginosa, Micrococcus sp., E. coli and
S. aureus were collected from the culture collection
of the Environmental Unit of the Department of
Microbiology and Department of Pharmacy, Uni-
versity of Ibadan.

Production of biomolecules (CFF, EPS and
FBE) from P. ostreatus mycelium

P, ostreatus mycelium was cultured in Pota-
to Dextrose Broth (PDB) for CFF production. The
sterile PDB was inoculated with the mycelial cul-
ture and incubated at 28°C for 7 days. The fermen-
tation broth was filtered to remove the mycelium.
The mycelium was washed 3 - 4 times to remove
any attached media component. Ten g of the my-
celial biomass was suspended in 100 ml sterilized
distilled water and kept for 3 days at 28°C under
shaking conditions at 150 rpm. The biomass was
filtered using Whatman No.1 filter paper to obtain
CFF. The CFF was kept at 4°C for further use.

EPS production was done using Mushroom
Complete Medium (MCM) containing glucose
(20 g/L), peptone (3 g/L), yeast extract (5 g/L),
KHPO,(0.2), K,PO, and NH,SO, using the modi-
fied method of Cui et al. (2007) with some modifi-
cations. Sterile MCM was inoculated with young P.
ostreatus culture (3-day-old) and incubated at 28°C
for 20 days. The fermentation broth was filtered



and the EPS was precipitated using cold absolute
ethanol at 4°C for 24 hrs. The precipitate EPS was
obtained by centrifugation at 12,000 rpms for 15
mins. The total sugar concentration was determined
by the phenol-sulphuric acid method using glucose
as a standard (Dubois et al., 1956). The exopoly-
saccharide production was expressed as mg/L. The
EPS was further dried at 60°C to remove the ethanol
content.

Production of fruiting body extracts from the
fruiting body of P. ostreatus

The fruiting body extract was obtained from
the fruiting body of P. ostratus according to the
method of Felek et al. (2015). 5 g of oven dried
milled sample was soaked in sterile distilled water.
The soaked sample was boiled for 30 mins and then
allowed to cool. The cooled sample was incubated
for 24 hrs at 35°C. The resulting leachate was fil-
tered and labeled FBE and stored at 4[| C for further
use. The POEPS, POCFF and POFBE were used for
nanoparticles biosynthesis.

Biosynthesis of AuNPs and SNPs using POEPS

AuNPs biosynthesis using POEPS was done
by adding 30 mL of 1 mg/mL solution of EPS to
30 mL of 10° M (1 mM) of HAuClI, solution. The
mixture was incubated at 35°C for 24 hrs in the dark
(Sathiyanarayanan et al., 2014).

SNPs biosynthesis using POEPS was done by
adding 20 ml of EPS solution to 20 ml of 10 mM
aqueous solution of freshly prepared silver nitrate
(AgNO,) (Kanmani and Lim, 2013). The mixture
was incubated at room temperature in the dark for
24-48 hrs.

Biosynthesis of AuNPs and SNPs using POCFF
and POFBE

AuNPs biosynthesis using POCFF and POF-
BE was done by adding equal volumes of 1mM
HAuCI, solution with CFF and POFBE, respective-
ly. The mixture was incubated at 35°C in the dark
(Nadaf and Kanase, 2016). Colour change from pale
yellow to bluish purple indicated AuNPs formation.

SNPs biosynthesis using POCFF and POFBE
was done by adding 50 mL of AgNO, solution (10
mM) to 10 mL of the POCFF and POFBE, respec-
tively. The mixture was incubated at room temper-
ature for 48 hrs in the dark (Zonooz and Salouti,
2011).

Characterization of the biosynthesized AuNPs and
SNPs

The formation of AuNPs and SNPs was mon-
itored by visual observation for a change in col-
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our of the solutions in comparison to the control.
Bio-oxidation and bio-reduction of gold and silver
was measured periodically using UV—Vis spectro-
photometer (a Lambda 25-Perkin Elmer, Waltham,
MA, USA) with a resolution of 0.5 nm. The absorb-
ance of the sample was read at the wavelengths of
200-800 nm.

Scanning Electron Microscopic was used to
determine the size, shape and morphology of the
biosynthesized nanoparticles. The aqueous solution
of NPs synthesized were lyophilized and subjected
to Scanning Electron Microscopy (SEM).

The functional groups present in the nanopar-
ticles samples were determined using FTIR. The
FTIR spectra of the dried KBr powdered nanopar-
ticles samples were analysed using FTIR spectros-
copy (Shimadzu) operated at resolution of 4 cm™.
The spectra were recorded at a wave range of 500-
4000 cm.

Antibacterial potential of the nanoparticles
against some pathogens

The antibacterial activity of the POEP-
SAuNPs, POCFFAuNPs and POFBEAuNPs
POEPSSNPs, POCFFSNPs and POFBESNPs
against some pathogens was determined using the
agar well diffusion method (Shivashankar et al.,
2013). The test pathogens used were: K. pneumo-
nia, Bacilus cereus, P. aeruginosa, Micrococcus
spp. E. coli and S. aureus). Suspension of 24-hour-
old cultures of the test pathogens was done using
saline. A lawn of the indicator strain was made by
spreading the cell suspension over the surface of
Mueller - Hinton agar plates with a sterile cotton
swab. The plates were allowed to dry and wells
were bored on the agar using a sterile cork borer
of 7 mm diameter. Each well was filled with 20 pL
of the biosynthesized AuNPs and SNPs. HAuCl,
and AgNO, solution (1 mM), POEPS, POCFF and
POFBE were used as negative controls. The seeded
plates were incubated at 37°C for 24 hrs, the in-
cubated plates were observed for zones of inhibi-
tion (ZOI) around the wells. Zone diameters (mm)
greater than 1 mm were considered positive (Pra-
bhu et al., 2014).

Statistical analysis
The statistical results are presented as the
mean + standard deviation (SD) at P < 0.05.

Results

Production of biomolecules from P. ostreatus
Biomolecules (EPS and CFF and FBE) from
P. ostreatus were used for mycosynthesis of gold



and silver nanoparticles. The nanoparticles were
characterized and their antibacterial potential
against some selected pathogens was investigated.
Exopolysaccharide production by P. ostreatus (PO)
is shown in Fig. 1. There was a significant differ-
ence (P> 0.05) in EPS production by PO on dif-
ferent days of incubation. EPS production by PO
ranged from 300 - 3675.57 mg/L and the highest
production was recorded on the 15th day.
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3 5 7 10 15 20 25

Incubation time (Days)

Fig. 1. Production of exopolysaccharides by
P, ostreatus

Biosynthesis and characterization of the
nanoparticles

Changes in colour were observed after the
addition of the biomolecules to gold and silver
nitrate solution. The visual observation of the bi-
osynthesized POEPSAuNPs, POCFFAuNPs and
POFBEAuNPs after incubation for 72 hrs is shown
in Fig. 2a -2c. Colour changes from pale yellow to
purple, cloudy colour and yellow colour to dark
purple indicated the formation of POEPSAuNPs,
POCFFAuNPs and POFBEAuNPs. The visual
observation of the biosynthesized POEPSSNPs,
POCFFSNPs and POFBESNPs is shown in Fig.
2d — 2f. Colour changes from pale yellow to dark
brown indicated formation of POEPSSNPs while
changes in colour from cloudy and pale yellow
to dark brown indicated POCFFSNPs and POF-
BESNPs formation.

Fig. 2. Visual observation of (a) POEPSAuNPs, (b)
POCFFAuNPs, (¢) POFBEAuNPs (d) POEPSSNPs
() POCFFSNPs and (f) POFBSNPs.
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The absorption spectrum of the biosynthe-
sized POEPSAuNPs, POCFFAuNPs and POF-
BEAuUNPs after 72 hrs of incubation is shown in
Figures 3a-c. The AuNPs gave absorbance peaks
within the range of 200 - 800 nm after different
hours of incubation. A strong SPR peak was ob-
served at 500 nm and 600 nm.

The absorption spectra obtained from bio-
synthesized POEPSSNPs, POCFFSNPs and POF-
BESNPs at 72 hrs of incubation is shown in Figures
3 d - f. A sharp peak was recorded at 450 nm.

Fourier Transform Infrared (FT-IR) analysis of the
nanoparticles

Figure 4a shows the spectra of biosynthesized
AuNPs from the EPS of P. ostreatus. Eleven peaks
were observed. The peak at 3429.17 cm! gave a
broad stretch of hydroxyl (O-H) while the peak
at 2363.66 and 2335 cm™! corresponds to strong
stretching carbon dioxide group (O=C=O0). The
peak at 1641.08 cm™ gave a medium conjugated
alkene (C=C). A medium bending alkane from the
methyl group of alkane (C-H) was seen at 1384.04
cm!. The peak at 1073.49 cm™ and 993.35 cm™! in-
dicates a medium stretched amine group (C-N) and
strong bending monosubstituted alkene (C=C), re-
spectively. The peaks from 553.12 cm™ to 362.45
cm! indicate the presence of alcohol (OH) bonds.

Figure 4b shows the spectra of AuNPs bio-
synthesized from the CFF of P. ostreatus. 8 peaks
were observed. A broad stretching peak of carbox-
yl(O-H) was seen at 3418.68 cm-1 while the peak
at 2096 cm! corresponds to a strong stretching iso-
thiocyonate group (N=C=S). The peak at 1633.72
cm! indicates an aromatic ring stretch with a peak
at 1446.4 cm” and 1086.14 cm represents CO
stretch from the COO- group. The peaks at 605.66
cm, 467.3 cm™ and 390.51 ¢cm™ indicate O-H al-
cohol group.

Figure 4c shows the FTIR spectra of AuNPs
from the fruiting body of P ostreatus. Sixteen
(16) peaks were observed. The peak at 3428.85
indicates the hydroxyl stretching functional group
while the peak at 2936.2 cm indicates weak CH
stretch of methyl group. The peak at 2099.83 cm’!
represents a strong stretch of isothiocyanate group
of (N=C=S). The peak at 1641.84 cm shows the
aromatic ring stretch and the peak at 1559.1 cm
indicates a medium stretching cyclic alkene. The
peaks at 1455.1 cm™ and 1402.42 cm™ could be as-
signed C=O0 stretch from the COO group with the
peak of 1306.5 cm™ indicating an aromatic amine?
CN stretch. The peak at 1238.8 cm! indicates phos-
phate group (P=0). The peak at 1084.15 cm™ cor-
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responds to the C=0=C vibration in the glucopyra-
nose ring. The peaks appearing from 999.7 cm™ are
associated with the aromatic phosphate (P-O-C)
stretch. The peaks appearing from 616.77cm cm’!
to 363.59 cm! represent the alcohol OH group.

Figure 4d shows the spectra of the biosyn-
thesized SNPs from EPS of P. ostreatus. Nine (9)
peaks were observed in which the peak at 3430.18
cm-1 indicates hydroxyl stretch of O-H group and
the peak at 2082.16 cm™ indicates strong stretch-
ing isothiocyanate group (N=C=S). The peaks ob-
served at 1106.74 and 1031.3 cm™ correspond to
C-O-C vibration in the glucopyranose ring with the
peaks at 655.46 cm™, 390.84 cm™ and 375.22 cm’!
indicating an alcohol O-H group.

Scanning Electron Microscopic analysis of AuNPs
and SNPs from the biomolecules

Figures 5 a-d show the micrograph of
POEPSAuNPs, POCFFAuNPs, POEPSSNPs and
POCFFSNPs. POEPSAuNPs was polymorphic in
shape with 0.5 — 2.6 nm in size and 0.08 - 1.0 nm
for POCFFAuNPs, POEPSSNPs and POCFFSNPs
were aggregate with 2.2 — 3.0 nm and 0.2 — 2.8 nm
in size, respectively.

Antibacterial potentials of the biosynthesized
nanoparticles and the biomolecules against some
test pathogens

Table la shows the antibacterial activity of
the AuNPs and the biomolecules from P. ostrateus
against the test pathogens. There was a significant
difference in the antibacterial activity of the AuNPs

against the test pathogens. The antibacterial ac-
tivity of POEPSAuNPs, POCFFAuNPs and POF-
BEAuUNPs against the test pathogens ranged from
21 — 28 mm, 8 - 22 mm and 9 — 29 mm. POEP-
SAuNPs, POCFFAuNPs and POFBEAuNPs exhib-
ited the highest activity against E. coli, Micrococ-
cus sp. and P. aeruginosa, respectively.

The antimicrobial activity of POEPS and
POCFF ranged from 7 — 10 mm and 4 — 6 mm, with
the highest activity recorded against Micrococcus
sp. and B. cereus. POFBE did not have any ob-
servable antibacterial activity against the test path-
ogens. The antimicrobial activity of HAuCl, and
ceftriaxone ranged from 1 — 7 mm and 16 — 26 mm,
with the highest activity achieved against B. cereus,
K. pneumonia and E. coli.

Table 1b shows the antibacterial activity
of the SNPs and biomolecules from P. ostrateus
against some selected test pathogens. A significant
difference was observed in the antibacterial activity
of the SNPs against the test pathogens. The antibac-
terial activity of POEPSSNPs, POCFFSNPs and
POFBESNPs against the test pathogen ranged from
11-25mm, 9-24 mm and 3 — 6 mm. POEPSSNPs,
POCFFSNPs and POFBESNPs exhibited the high-
est activity against B. cereus, S. aureus and E. coli,
respectively.

The antimicrobial activity of AgNO, and cef-
triaxone against the test pathogens ranged from 4
—9 mm and 16 — 26 mm. The highest activity was
achieved against P. aeruginosa, K. pneumonia and
E. coli.

Fig. 5. SEM of micrograph of (a) POEPSAuNPs, (b) POCFFAuNPs, (¢) POEPSSNPs and (d) POCFFSNPs
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Table 1a. Antimicrobial activity of the biosynthesized AuNPs and the biomolecules against some

pathogenic strains

Zone of inhibition (mm)
Test pathogen POEPS | POCF POFB POEPS CFF FB HAuCl, | CEFTR
AuNPs | AuNPs | AuNPs
K. pneumonia 26 8 13 4 - 2 26
B. cereus 27 18 16 6 - 7 16
P. aeruginosa 22 12 29 4 - 5 21
Micrococcus sp. 27 22 23 10 5 - 5 21
E. coli 28 12 28 7 5 - 0 26
S. aureus 21 11 9 6 4 - 1 22

Table 1b. Antimicrobial activity of the biosynthesized SNPs and the biomolecules against some pathogenic

strains
Zone of inhibition (mm)
Test pathogen POEPS | POCFF | POFBE | POEPS CFF FB AgNO, | CEFTR
SNPs SNPs SNPs
K. pneumonia 14 19 - 4 - 6 26
Bacillus cereus 25 22 - 6 - 6 16
P aeruginosa 11 9 - 4 - 9 21
Micrococcus sp. 19 23 - 10 5 - 8 21
E. coli 19 11 5 - 4 26
S. aureus 25 24 3 4 - 7 22

Minimum Inhibitory Concentration (MIC) of the
nanoparticles

The minimum inhibitory concentration (MIC)
of the biosynthesized nanoparticules is shown in Ta-
ble 2. The MIC of 200 ng/mL was observed for all
the test pathogens when the biosynthesized POEP-
SAuNPs and POCFFAuNPs were used as antimi-
crobial agents. There was variation in the MIC of
the biosynthesized SNPs against the test pathogens.
POEPSSNPs hada MIC of 6.25 pg/ml against E.
coli, 50 ug/ml against P. aeruginosa, B. cereus, S.
aureus and Micrococcus sp. and 100 pg/mL against
K. pneumoniae.

POCFFSNPs had a MIC of 12.5 pg/mL
against E. coli while the MIC of 50 pg/mL as re-
corded against P. aeruginosa, B. cereus S. aureus
and Micrococcus sp. Ceftriaxone had an MIC of 5
pg/mL against P. aeruginosa, B. cereus, E. coli, S.
aureus and Micrococcus sp. An MIC of 10 ng/mL
was observed against K. pneumonia.

The EPS and CFS from P ostreatus were
used for the biosynthesis of AuNPs and SNPs. The
biosynthesized nanoparticles were characterized
and their antibacterial activities against the test
pathogens were evaluated.

Table 2. Minimum Inhibitory Concentration of biosynthesized nanoparticles from P. ostreatus

Nanoparticle Minimum Inhibitory Concentration (ug/ml)

samples P aeruginosa | B.cereus | K.pneumonia | Microoccussp. | E.coli | S.aureus
POEPSAuNPs 200 200 200 200 200 200
POCFF AuNPS 200 200 200 200 200 200
POFB EAuNPS 100 200 200 200 200 200
POEPSSNPs 50 50 100 50 6.25 50
POCFFSNPs 50 50 100 50 12.5 50
POFBESNPs 25 25 50 50 12.5 50
Ceftriaxone 5 5 10 5 5 5
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Discussion

EPS-production by P. ostreatus

P ostreatus produced a reasonable quantity
of exopolysaccharides. Reduction in EPS- pro-
duction after 15" day of incubation may be due to
the exhaustion of the available nutrient in the pro-
duction medium. This was also recorded by Olfat
and Sadik (2014), who worked on the production
of EPS and bioactive metabolites in a submerged
culture of P. ostreatus. A different report was ob-
tained in the work of Adebayo-Tayo et al. (2011),
where there were fluctuations in EPS production by
P. ostreatus during optimization of the growth con-
ditions, which was ascribed to the different media
composition.

Biosynthesis of AuNPs and SNPs by P. ostreatus
biomolecules

Biosynthesis of silver nanoparticles us-
ing EPS from Pleurotus sp. was achieved via the
bio-reduction method. Other methods of biosyn-
thesis have also been reported. Ravishankar et al.
(2011) used photo-irradiation method to biosyn-
thesize SNPs from an aqueous extract of Pleurotus
florida; Sujatha et al. (2013) also synthesized SNPs
from edible mushroom extracts, such as Agaricus
bisporus, Calocybe indica, P. florida and P. platy-
pus. CFF was also used in the biosynthesis of NPs.
Abdelmageed et al. (2016) synthesized NPs using
an extracellular supernatant of Penicillium politans;
Soheyla ef al. (2013) reported a green process for
production of silver (Ag) nanoparticles using Pen-
icillium chrysogenum; Kumar and Ghosh (2016)
biosynthesized silver nanoparticles from silver ni-
trate using Bacillus sp. (Brevibacillus borstelensis
MTCC10642).

Biosynthesis of AuNPs from EPS produced
by Pleurotus sp. has not been reported though CFF
has been used in the biosynthesis of nanoparticles.
Michael et al. (2015) reported the biosynthesis of
AuNPs from fungi and their protein extracts.

Characterization of the biosynthesized
nanoparticles

The appearance of a pale yellow to purple
colour indicated the oxidation of the chloroauric
acid ions by the fungal biomolecules, which result-
ed in the formation of gold nanoparticles. Changes
in colour were due to the excitation of surface plas-
mon vibrations, which is a characteristic feature of
synthesized nanoparticles (Song et al., 2009). This
was in agreement with other studies. Gitanjali and
Ashok (2014) reported the biosynthesis of AuNPs
from observing the gradual change in colour thus
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concluding that the colour of nanaoparticles from
Herbarium tetramera periodically change from
different shades to purple, which indicated prelimi-
nary test in the formation of AuNPs.

The yellowish brown colour formation by
SNPs has been confirmed by many researchers
(Hany et al., 2014). The metal salt bio-reduction
ability of the fungal filtrate for nanoparticles bio-
synthesis with an observable colour change has
been attributed to the surface plasmon resonance of
deposited SNPs (Mulvaney, 1996). Balakumaran et
al. (2016) also reported that the change of colour
to brown was a result of SPR vibration excitation.
Characteristic changes in colour may be attribut-
ed to the alteration in surface plasmon resonance
(SPR) when positive ions (Ag+) are transformed
into nano-forms (Mital, 2013).

Characterization of metal ions exposed to
the biomolecules of P. ostreatus by UV-Vis spec-
trophotometer confirmed the reduction of metal
ions to metal nanoparticles. Metallic nanoparticles
exhibit an intense UV absorption band due to SPR
effect. Mie’s theory proposed SPR arose from the
interaction of small metallic particles with an exter-
nal electromagnetic field induced by light, resulting
in a coherent oscillation of the conductor free elec-
trons on the surface (Mie, 1908). These confirm the
formation of NPs. The SPR peak obtained for the
AuNPs synthesized using the different samples in
this work was observed at 500 nm. Typically, AuNPs
have a maximum wavelength in the visible range of
500 nm - 600 nm (Oba et al., 2009; Barabadi et
al., 2014; Shivaji et al., 2014). The SNPs formed
from other biomolecules was also confirmed using
the UV spectrophotometer and are seen in the range
of 400 -500 nm. This is referred to as the SPR of
the SNPs with strong peaks between 400 nm — 450
nm. This result agrees with the report of Gannimani
et al. (2014), who biosynthesized SNP from aque-
ous seed extract of Protorhus longifolia. Hany et
al. (2014) produced SNP from the CFF of differ-
ent fungi with peaks, which was due to the surface
resonance and vibration of electrons. These peaks
are known as SPR (Mansoori et al., 2007). Raza
et al. (2016) reported that the presence of a single
SPR peak indicates that the particles were spherical
with a wide range of size distribution. Formation of
an SPR peak in the range of 410—450 nm has been
attributed to the biosynthesis of AgNP. This occurs
as a result of alteration in the surface plasmon res-
onance (SPR) when positive ions (Ag+) are trans-
formed into nano-forms.

The active compounds in the biomolecules



involved in the reduction of metal ions for metal na-
noparticle formation were investigated using FTIR.
It confirmed that biomolecules such as EPS, CFF
and FBE were responsible for capping and efficient
stabilization of the metal nanoparticles synthesized.
This makes fungi extremely good candidates in the
synthesis of metal nanoparticles that are safe and
eco-friendly. The spectrum of the biomolecules
extract exhibited intense and distinct absorption
bands at 1720 and 3317 cm™, which correspond to
the amide, carboxyl and hydroxyl bands. Formation
of stronger bonds between the biomolecules (EPS,
CFF and FBE) and the metal ions may be as a result
of the presence of the functional groups (carbox-
ylic, hydroxyl and amide groups) in the biomole-
cules. The presence of the amide linkage suggests
that there are some proteins in the reaction mixture
which may be responsible for nanoparticles forma-
tion and may play an important role in the stabili-
zation of the formed nanoparticle. The bands of ar-
omatic and aliphatic amines, respectively, are also
observed, which is similar to the earlier reports of
Ashajyothi et al. (2014) on biosynthesis and char-
acterization of NPs from gram-negative bacteria bi-
omass. These bands are close to those reported for
natural phytochemicals in the Agaricus biporus ex-
tract. Thus, nano capping of the particles from EPS,
CFF and FBE of P. ostreatus are responsible for
reduction and subsequent stabilization of Au-NPs.

The SEM micrograph of the gold and silver
nanoparticles shows polymorphic and aggregated
particle shapes due to the capping agent. This re-
sult agrees with the work of Adebayo-Tayo et al.
(2017), who reported on the bacterial synthesis of
nanoparticles from the supernatant of lactic acid
bacteria.

The antimicrobial potential of nanoparticles
was also examined in this report. The activity of
gold chloride (positive control) on bacteria isolate
was minimal compared to the nanoparticles. Gold
ions as well as AuNPs are known to have strong
antimicrobial activities. The antimicrobial abili-
ty of Au nanoparticles might be due to their small
size (which is 250 times smaller than a bacterium),
which makes their adhesion to the cell wall of mi-
croorganisms easier, thus leading to destruction
and cell death (Chwalibog et al., 2010). Metal na-
noparticles are also harmful to bacteria due to their
ability to disrupt the membrane protein and sulphur
components. They bind closely to the surface of mi-
croorganisms causing visible damage to the cells,
thus demonstrating good self-assembling ability.
Gold nanoparticles possess well-developed surface
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chemistry, chemical stability and appropriate small-
er size, which facilitate their interaction with mi-
croorganisms (Nirmala and Pandian, 2007). Also,
the particles interact with the building elements
of the outer membrane and might cause structural
changes, degradation and finally cell death. The test
pathogens were susceptible to the NPs biosynthe-
sized using biomolecules of P. ostreatus.

Conclusion

EPS, CFS and FBE of P. ostreatus were able
to bio-reduce and bio-oxidize silver and gold for
the biosynthesis of SNPs and AuNPs, respectively.
The AuNPs had a broad spectrum of activity against
the test pathogenic strains compared to the SNPs.
These nano-biocomposites can be used in the for-
mulation of novel antibacterial agents and can be
applied in biomedical fields.
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