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A B S T R A C T

Microbial mediated biological synthesis of nanoparticles is of enormous interest to modern nanotechnology due
to its simplicity and eco-friendliness. In the present study, a novel green method for the synthesis of platinum
nanoparticles (PtNPs) has been developed using bio-derived product-cell lysate supernatant (CLS) from various
microorganisms including Gram-negative bacteria: Pseudomonas kunmingensis ADR19, Psychrobacter faecalis
FZC6, Vibrio fischeri NRRL B-11177, Gram-positive bacteria: Jeotgalicoccus coquinae ZC15, Sporosarcina psy-
chrophila KC19, Kocuria rosea MN23, genetically engineered bacterium: Pseudomonas putida KT2440 and yeast:
Rhodotorula mucilaginosa CCV1. The biogenic PtNPs were characterized by UV–visible spectroscopy, X-ray dif-
fraction (XRD), Fourier transform infrared (FTIR), transmission electron microscopy (TEM), high resolution
transmission electron microscopy (HRTEM), and atomic force microscopy (AFM). The UV–visible spectra
showed a red shift in the absorbance of H2PtCl6.6H2O from 260 nm to 330 nm for all prepared PtNPs. The XRD
patterns of the samples indicated the formation of high purity of the cubic phase. The FTIR spectra and EDS
profiles of the samples demonstrated the existence of proteins on fabricated and stabilized PtNPs. The TEM and
AFM images analysis showed the synthesis of smallest PtNPs by a bacterium strain (FZC6) and yeast while
genetically engineered bacteria produced the largest NPs. Also, the HRTEM analysis showed the high crystal-
linity of PtNPs and the interplanar spacing of 0.2 nm, corresponds to the (1 1 1) of plane of PtNPs. The results of
zeta potential indicated the high stability of PtNPs in neutral pH. Moreover, the suitability of PtNPs antioxidant
and antibacterial activity was correlated to the size and zeta potential of microbe used for NPs biosynthesis. In
conclusion, it was found that the type of microorganisms can have influences on PtNPs characteristics and
properties as Gram-negatives produced smaller PtNPs while more negatively charged NPs were obtained by
Gram-positives. These findings could facilitate the selection of appropriate green approaches for more effective
biotechnological production of PtNPs.

1. Introduction

In recent years, the noble metal nanoparticles, platinum nano-
particles (PtNPs), have been highly regarded as a promising candidate
in biomedical applications [1]. The therapeutic applications of PtNPs
have been indicated in oxidative stress-related diseases including, some
types of cancer and cardiovascular diseases [2–4]. PtNPs have also been
developed for the detection of environmental pollutants or biomarkers
[5–7].

Up to now, several chemical and physical methods were

investigated for the synthesis of PtNPs including sodium borohydride
reduction method [8], microwave-assisted polyol method [9,10],
oleylamine reduction method [11], co-sputtering technique, and ion
implantation [12]. But, these methods have some limitations, including
using unsafe and toxic materials, multi-step preparation process, high
cost, and high energy requirements. Moreover, by considering the large
scale use of PtNPs in biomedical and nanomedicine applications, the
production of biocompatible PtNPs becomes a critical challenge. To
overcome these limitations and obtain biocompatible PtNPs, more re-
cently, researchers are motivated and pushed to develop new biological
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systems due to their non-toxic, simple usage, and eco-friendly nature.
Two well-known biological systems in preparing nanoparticles are i)

microbial systems include bacteria, actinomycetes, virus, algae, fungi,
yeast, and ii) plant systems contain different parts of plants such as
fruit, root, stem, flower, and leaf [13–15]. Although plants are rich in
secondary metabolites that are responsible for the synthesis of nano-
particles, the composition of these metabolites varies depending on the
plant part and the procedure used for its extraction [16]. These can
influence nanoparticle quantity and quality. Moreover, the extraction
step adds significant extra time to the production process. However,
there has been less focus on microbial systems which are more rapid.

Microbial biosynthesis of diverse metal nanoparticles (MtNPs) has
recently been noticed as microbes can develop molecular machineries
to detoxify heavy metals mainly by using metal-binding proteins and
peptides [17]. The different microorganisms are able to synthesize
MtNPs either intracellularly or extracellularly. In both methods re-
ductases enzymes change the metal ions to their respective nano-
particles. Cell lysate supernatant (CLS) of microbes as a pool is rich in
such reductase agents make it highly efficient for the production of
MtNPs [18]. Thus, due to the search for developing new methods for
synthesizing suitable PtNPs with appropriate characteristics, this work
proposes the microbial synthesis of PtNPs using CLS of different Gram-
negative, Gram-positive, genetically engineered bacteria and yeast. To
the best of our knowledge, this would be the first report on developing a
general, facile, green, and low-cost method for biosynthesis of PtNPs
with different properties depending on the type of microorganisms.

2. Materials and methods

2.1. Microbial strains

The different bacterial strains including the Gram-negative bacteria
Pseudomonas kunmingensis ADR19, Psychrobacter faecalis FZC6, Vibrio
fischeri NRRL B-11177, the Gram-positive bacteria Jeotgalicoccus co-
quinae ZC15, Sporosarcina psychrophila KC19, Kocuria rosea MN23, the
genetically engineered bacterium Pseudomonas putida KT2440, and the
yeast Rhodotorula mucilaginosa CCV1 were used for PtNPs biosynthesis.
Pure cultures of all experimental bacteria and yeast were obtained from
previously maintained laboratory stock cultures.

2.2. Preparation of cell lysate supernatant (CLS)

The selected bacterial strains were grown in 250 mL of
Luria–Bertani broth medium (LB, tryptone 10 g/L, sodium chloride
10 g/L, yeast extract 5 g/L) at 30 °C for 48 h in a shaker at 200 rpm.
Each sample was centrifuged at 7500 rpm for 15 min. The resulting
pellet (bacterial cells) was washed three times with sterile distilled
water (SDW) to remove possible organic contamination. Finally, 1 g of
the pellet was suspended in 50 mL of SDW and was sonicated for three
consecutive times for 5 min at 30 s intervals. The cell debris was re-
moved by centrifugation of the lysate at 13,000 rpm for 15 min and the
supernatant was filtered using a 0.22 μm filter to obtain cell lysate
supernatant. Then it was adjusted to neutral pH with 1 N NaOH.

A yeast strain, Rhodotorula mucilaginosa CCV1, was grown in yeast
extract–peptone–glycerol medium (YPG, yeast extract 10 g/L, dextrose
20 g/L, peptone 20 g/L) for 7 days at 30 °C in a shaker at 200 rpm.
Then, the yeast cells were separated by centrifugation at 7500 rpm for
15 min and followed by the procedures used for bacteria, to obtain

Fig. 1. Flasks showing visible color change, proving the biosynthesis of platinum nanoparticles by different microbial strains. A: Control flasks containing CLS
without platinum salt (H2PtCl6.6H2O) and platinum salt (H2PtCl6.6H2O) without CLS. B: Biosynthesized PtNPs by different microbial strains. C: PtNPs powders
biosynthesized by different microbial strains. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
article.)
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yeast CLS.

2.3. Production and purification of PtNPs

For PtNPs biosynthesis, the 20 mL of CLS was added to the 20 mL of
5 mM H2PtCl6.6 H2O (37.7%, Merck, Germany) and incubated in a
water bath at 90 °C for 1 h. To purify the prepared PtNPs, the solution
containing yellow-brown colloids was centrifuged at 14,000 rpm for
30 min and washed by SDW, afterward the resultant precipitate was
dried by freeze dryer (Christ, Germany) and each sample was named
based on the bacterial and yeast species code used. A solution con-
taining SDW and H2PtCl6.6H2O was used with a similar experimental
condition as the control. All reactions were performed in dark condi-
tions and in triplicate.

2.4. Characterization of PtNPs

Biosynthesis of PtNPs was monitored by visual inspection at first
and afterward by UV1700 spectrophotometer (Shimadzu, Japan) within
the absorbance range of 200–400 nm. For this purpose, 0.001 g of each
sample was dispersed in 1 mL of SDW and used to obtain the UV–visible
absorption spectrum. The Fourier transform infrared spectroscopy
(FTIR) spectra of the samples were recorded on AVATAR 370 FTIR
spectrophotometer (Nicolet Avatar, USA) using the KBr pellet method
in the range of 400–4000 cm−1 to demonstrate the bioactive molecules
responsible for the reduction of Pt ions and subsequent stabilization of
the PtNPs. The crystalline phases of the samples were identified via X-
ray diffractometer (GNR Explorer, Italy), using Cu Kα X-ray
(λ= 0.15406 nm) as the radiation source and scanning from 20° to 80°.
To determine the size and shape of the samples, the TEM was used.
Each sample was dispersed in methanol for 1 h and sonicated for
30 min, then the samples were visualized using 912AB TEM (LEO,
Germany). The HRTEM micrographs of B-11177-PtNPs and KT2440-

PtNPs were obtained from a TEC9G20 high resolution transmission
electron microscope operating at 200 kV (FEI, USA) equipped with an
energy dispersive spectrometer (EDS) at an energy range of 0–20keV.
Besides, the selected area electron diffraction (SAED) pattern was also
depicted. The surface topography of the samples in two and three di-
mensions was determined by atomic force microscopy (AFM). Each
sample was dispersed in 1 mL of methanol under ultrasonic waves and
the AFM images were taken by an AFM 0101/A instrument (Ara
Pajoohesh, Iran) in non-contact mode. The zeta potential was de-
termined using a zeta compact (CAD, France) at neutral pH and tem-
perature of 22 °C.

2.5. In-vitro antioxidant Assay of PtNPs

The antioxidant activity of PtNPs was evaluated by measuring their
capability to scavenge synthetic stable radicals of 2,2-diphenyl-1-pi-
crylhydrazyl (DPPH, Sigma-Aldrich, USA) which is a common method
for antioxidant studies of natural compounds [19]. To perform the test,
100 μL of freshly prepared DPPH (0.04% w/v) dissolved in methanol
was added to each well containing different concentrations of PtNPs
(31.2, 62.5, 125, 250, 500, and 1000 μg/mL). Finally, the microplate
was incubated for 30 min in dark at 25 °C. The absorbance of stable
DPPH was recorded at 492 nm using an ELISA reader (Stat Fax 2100,
USA). The negative control (wells containing DPPH and methanol) and
the blank (wells containing different concentrations of PtNPs and me-
thanol) were used. The experiments were performed in triplicate. Acid
ascorbic was used as the standard. Free radical scavenging activity was
expressed as the percentage of inhibition that was calculated using the
following formulas:

− =A A AT B S

= − ×DPPH radical scavenging activity (%) [(A A )/A ] 100C S C

Fig. 2. UV–visible spectra of samples. A: The adsorption peak of H2PtCl6.6H2O at 260 nm. B: The adsorption peak of the prepared PtNPs at 330 nm. Red, green, blue,
and orange colors respectively indicate PtNPs biosynthesized by Gram-negative bacteria, Gram-positive bacteria, genetically engineered bacteria, and yeast. Also, the
name of each microbial strain is mentioned on its related graph. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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where AT is the absorbance of test wells, AB is the absorbance of
blank wells, AS is the absorbance of the samples, and AC is the absor-
bance of control well.

2.6. Antibacterial activity

The antibacterial activity of prepared PtNPs at different con-
centrations (3.12, 6.25, 12.5, 25, 50, 100, 200, 400, and 800 μg/mL)
was evaluated against Gram-negative bacterium (Escherichia coli ATCC
25922) and Gram-positive bacterium (Staphylococcus aureus ATCC
25923) using a broth microdilution method [18]. In general, 10 μL of
each bacterial suspension (108 CFU/mL) was added to each well con-
taining 100 μL nutrient broth medium with varying nanoparticle con-
centration. The microtiter wells containing different concentrations of
nanoparticles suspended in culture medium without bacteria inoculum
(blank), wells containing bacteria inoculum with culture medium
without nanoparticles (positive control), and wells containing only
culture medium (negative control) were also considered as controls.
The microplates were incubated at 37 °C and the optical density (OD) at
600 nm was recorded after 24 h using ELIZA microplate reader ELX 800
(BioTeck, USA). The percentage of bacterial survival was determined by
the following formula:

= − + − ×Bacterial survival% [(T (B N)/(P N) 100]

where T is the absorbance of test wells, B is blank well, N and P are
the absorbance of the negative and positive control wells, respectively.
The Minimum inhibitory concentration (MIC) defined as the lowest
concentration of the nanoparticles that inhibits the growth of the bac-
teria. Similarly, the effect of PtNPs synthesized by ADR19 strain was
also investigated on two more pathogenic bacteria (Pseudomonas aeru-
ginosa PTCC 1047, Listeria innocua ATCC 33090) to find out the anti-
microbial activity spectrum of a selected PtNPs.

3. Results and discussion

3.1. PtNPs synthesis

The biosynthesis of PtNPs using various bacteria strains and yeast
has not been widely exploited. In literature, there are some reports of
PtNPs biosynthesis just using Gram-negative bacteria including
Pseudomonas aeruginosa SM1 [20], Shewanella sp. [21,22], Escherichia
coli MC4100 [23], Desulfovibrio sp. [24], Plectonema boryanum UTEX
485 [25], and Acinetobacter calcoaceticus [26]. There is no report of
Gram-positive, genetically engineered bacteria, or yeast mediated

Fig. 3. The FTIR spectra of biosynthesized PtNPs by different microbial strains. Red, green, blue, and orange colors respectively indicate PtNPs biosynthesized Gram-
negative bacteria, Gram-positive bacteria, genetically engineered bacteria, and yeast. Also, the name of each microbial strain is mentioned on its related graph. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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PtNPs synthesis. In the present study, the precursor salt solution was
added to the bacteria and yeast CLS and the mixture was incubated in
the water bath at 90 °C. At the beginning of incubation time, the color
change from yellow to yellowish-brown and deposition at the bottom of
the flask was observed due to the reduction of Pt4+ to Pt0 which in-
dicated the formation of PtNPs (Fig. 1). No color change and conse-
quently PtNPs synthesis were observed in tested controls. The color
change as the first evidence of PtNPs synthesis was reported by other
researchers [27–29]. Some researchers reported the color change and
formation of PtNPs after 8 h of incubation at 65 °C or 24 h at 180 °C
[24,25] while in our study the formation of PtNPs using different mi-
crobial strains occurred at the early incubation time that is very ad-
vantageous among PtNPs synthetic methods and can be considered as
one of the fastest methods ever since reported. Also, the potency of
nanoparticle synthesis was very high as the most amount of platinum
metal ions used in the synthesis was recovered in the form of nano-
particles [30].

3.2. Characterization of PtNPs

Optical spectroscopy is one of the simplest and easiest techniques
for determining the geometrical properties of metal nanoparticles e.g.
shape and size [31]. The UV–visible spectrum of H2PtCl6.6H2O solution
showed an absorption peak at around 260 nm due to the presence of
PtCl62− in water (Fig. 2A) [28,32–34]. By forming PtNPs, this

absorption peak disappeared and replaced with the absorption peak at
around 330 nm for all samples (Fig. 2B) indicated the complete re-
duction of precursor salt to zero-valent platinum [24]. The presence of a
unique absorption peak (330 nm) for all prepared samples indicates the
spherical morphology of PtNPs due to the way they are polarized (di-
pole mode) [35]. Furthermore, it was reported that the smallest PtNPs
have the sharpest peak [36] that is in accordance with our results in
which the sharpest peaks were observed for CCV1-PtNPs and FZC6-
PtNPs with 2.83 and 2.49 nm, respectively. The morphology and size
obtained by UV–visible spectra were confirmed via TEM (Fig. 5).

The FTIR spectra were recorded to identify the presented functional
groups on the surface of samples which are responsible for the bior-
eduction and stability of PtNPs. Fig. 3 shows a significant resemblance
between the FTIR spectrums of the PtNPs samples. The strong absorp-
tion bands at around 3400, 2900, 1600, 1500, 1240, 1050, 600 cm−1

were observed for all prepared PtNPs. The intensive broad absorption
peak at 3400 and 2900 cm−1 attributed to OeH stretching of hydroxyl
bonds and aldehydic CeH stretching, respectively. The three absorption
peaks at around 1600, 1500, and 1240 cm−1 corresponded to C]O
stretch of amide I, -COO symmetrical stretching vibrations of amid II,
and the amide III bands of proteins, respectively [37,38]. The absorp-
tion peak at around 1050 cm−1 shows CeN stretching vibrations of
aliphatic amines. The band at around 600 cm−1 indicates the presence
of R-CH group. The band at around 1380 cm−1 for some samples show
a resemblance to the CeN stretching vibrations of aromatic amines

Fig. 4. The XRD patterns of biosynthesized PtNPs by different microbial strains. Red, green, blue, and orange colors respectively indicate PtNPs biosynthesized by
Gram-negative bacteria, Gram-positive bacteria, genetically engineered bacteria, and yeast. Also, the name of each microbial strain is mentioned on its related graph.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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[38]. It is well recognized that proteins can bind to PtNPs through ei-
ther free amine and carboxyl groups and assisted the fabrication and
stabilization of PtNPs.

The XRD was used to determine the crystal structure and phase
purity of the prepared samples (Fig. 4). Three distinct diffraction peaks
were detected for all samples assigned to the crystal planes of (1 1 1), (2
0 0), and (2 2 0), compared to Joint Committee on Powder Diffraction
Standards file (JCPDS No 96-101-1104). No spurious peaks were de-
tected in XRD patterns of our prepared PtNPs indicated the formation of

the high purity of face-centered cubic (fcc) structure. The XRD data
were in good agreement with the reported results by Gurunathan et al.
[27], Al-Radadi [36], and Syed et al. [39].

Transmission electron micrograph analysis was performed to de-
termine the size and shape of the PtNPs. As illustrated in Fig. 5, all
prepared PtNPs have a spherical shape. The PSD (particle size dis-
tribution) plots were obtained by determining the size of 50 particles
for each sample (using Digimizer 4.0, Belgium). The average particle
size was obtained 3.95, 2.49, and 3.84 nm for PtNPs synthesized using

Fig. 5. The TEM micrographs of PtNPs synthesized by different microbial strains show the spherical morphologies of nanoparticles and average particle size of less
than 10 nm. Red, green, blue, and orange colors respectively indicate PtNPs biosynthesized by Gram-negative bacteria, Gram-positive bacteria, genetically en-
gineered bacteria, and yeast. Also, the name of each microbial strain is mentioned on its related graph. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)
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Gram-negative ADR19, FZC6, and B-11177 bacteria, respectively and
for those synthesized by Gram-positive ZC15, KC19, and MN23 bacteria
were 5.74, 4.24, and 5.85 nm, respectively. It can be concluded from
the results that PtNPs synthesized by Gram-negative bacteria were
smaller in comparison with those nanoparticles synthesized by Gram-
positive bacteria. The size of yeast originated PtNPs was among the
smallest (2.83 nm). However, the largest PtNPs (8.06 nm) were ob-
tained by a genetically engineered bacterium.

HRTEM analysis was used to examine and also obtain the size of the
synthesized B-11177-PtNPs and KT2440-PtNPs samples (Fig. 6). The
average particle size obtained was 3.62 ± 0.79 and 7.99 ± 3.31 nm
for B-11177-PtNPs and KT2440-PtNPs, respectively. These values are in
accordance with the particle size obtained using TEM micrographs.
Also, the HRTEM lattice fringe patterns clearly show the well-crystal-
line PtNPs. The calculated lattice spacing was found 0.2 nm which
corresponds to (1 1 1) plane of PtNPs [40]. SAED pattern (Fig. 6C)
exhibited bright circular spots which are related to (1 1 1), (2 0 0), and
(2 2 0) Bragg's reflection planes [41] verifying the XRD pattern and the
crystalline nature of the synthesized PtNPs. The EDS profiles of both
samples show the existence of platinum support the formation of PtNPs.
The presence of C, O, and S might be associated with the existence of
microbial enzymes or other proteins involved in the biosynthesis of our
PtNPs samples.

The AFM images (Fig. 7) confirmed the size and shape of the PtNPs
obtained by TEM. Srivastava et al. synthesized spherical PtNPs using
cell pellets of Pseudomonas aeruginosa with a particle size of 450 nm
[20]. They attributed the large size of their PtNPs to the instability of
their samples and their tendency to accumulate together. Also, the

spherical PtNPs with the size range of 1–6 nm were prepared by She-
wanella loihica [21].

The zeta potential is another important parameter mostly related to
nanoparticle stability. Nanoparticles with zeta potential values greater
than +30 mV or less than −30 mV typically have a high degree of
stability [41]. Results showed that the zeta potential of PtNPs synthe-
sized by Gram-negative ADR19, FZC6, and NRRL B-11177 strains were
−36.88,−29.37, and−21.60 mV respectively while for Gram-positive
ZC15, KC19, and MN23 strains zeta potential were −35.64, −30.90,
and −26.08 mV, respectively (Fig. 8). The zeta potential of PtNPs
synthesized by a genetically engineered bacterium and yeast were
−20.37 and −19.29 mV, respectively (Fig. 8). It seems that bacterio-
genic PtNPs possess more negative zeta potential than PtNPs prepared
by yeast. Furthermore, in comparison more stable PtNPs were produced
by Gram-positive bacteria than Gram-negative bacteria. Nishanthi et al.
[28] produced PtNPs by using Garcinia mangostana fruit extract with
the surface charge of −13 mV. Their PtNPs were aggregated within a
short time due to the low electrostatic repulsion in the dispersion. Other
plant extracts were also used for high stable PtNPs synthesis with the
mean diameter of 137.5 nm and zeta potential of −35.8 mV [28]. In
our studies, we demonstrated that microorganisms in comparison to
plant extracts would be able to produce even more stable PtNPs.

3.3. Antioxidant activity

The antioxidant property of PtNPs was evaluated by the scavenging
of DPPH radicals. DPPH radicals with an intense purple color interact
with antioxidant compounds and receive either electrons or hydrogen

Fig. 6. The HRTEM micrographs, EDS profiles, and PSD plots of A: B-11177-PtNPs and B: KT2440-PtNPs samples. C: SAED pattern of PtNPs. The yellow dotted-circles
and white lines show PtNPs and the interplanar spacing of 0.2 nm, respectively. The EDS profiles exhibit Pt elements for both samples corresponding to synthesized
PtNPs, the C, O, and S peaks are most probably resemble some microbial components e.g. enzymes. The Cu and some of C peaks come from the supported grid for
HRTEM measurement. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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atoms, neutralize, and the color transforms to pale yellow [42]. It was
observed that in the presence of PtNPs, the color of DPPH radicals was
changed to pale yellow. This observation indicated that PtNPs had
electron/hydrogen transferability and could neutralize the free DPPH
radicals. The antioxidant activity of PtNPs synthesized in this study
microbiologically was found to be dose-dependent as by increasing
PtNPs concentration, the inhibition percentage increased (Fig. 9). Ac-
cording to the microbial strain used for PtNPs biosynthesis, the degree
of antioxidant activity of PtNPs (1000 μg/mL) can be ordered from
highest to lowest as follow: ZC15 > FZC6 > CCV1 > B-
11177 > KC19 > KT2440 > ADR19 > MN23.

According to the results, the antioxidant activity is believed to de-
pend mostly on the physicochemical characteristics of the prepared

nanoparticles namely zeta potential and size of nanoparticles. The value
of zeta potential and size of the nanoparticles can depend on the
method used (type of microorganisms) for the synthesis of nano-
particles. Unfortunately, we could not find any report regarding the
possible relationship between antioxidant activity and the biogenic
nanoparticles surface residue agents. However, because some of the
bacterial components can influence certain characteristics of micro-
biologically biosynthesized PtNPs (zeta potential and size), the anti-
oxidant activity might be affected in such a way according to changes
caused by such surface agents. Among PtNPs synthesized by Gram-ne-
gative bacteria, smallest nanoparticles (FZC6-PtNPs) showed better
antioxidant activity, while the most negatively charged PtNPs (ZC15-
PtNPs) among those prepared by Gram-positive bacteria had superior

Fig. 7. The 2D and 3D AFM images of microbiologically synthesized PtNPs. Red, green, blue, and orange colors respectively indicate PtNPs biosynthesized by Gram-
negative bacteria, Gram-positive bacteria, genetically engineered bacteria, and yeast. Also, the name of each microbial strain is mentioned on its related graph. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 8. The Zeta potential of biogenic PtNPs at
neutral pH and temperature of 22 °C. Red, green,
blue, and orange colors respectively indicate
PtNPs biosynthesized by Gram-negative bacteria,
Gram-positive bacteria, genetically engineered
bacteria, and yeast. Also, the name of each mi-
crobial strain is mentioned on its related graph.
(For interpretation of the references to color in this
figure legend, the reader is referred to the web
version of this article.)

Fig. 9. The antioxidant activity of PtNPs synthe-
sized by various microbial strains (acid ascorbic
considered as positive control). Red, green, blue,
and orange colors respectively indicate PtNPs
biosynthesized by Gram-negative bacteria, Gram-
positive bacteria, genetically engineered bacteria,
and yeast. Also, the name of each microbial strain
is mentioned on its related graph. (For inter-
pretation of the references to color in this figure
legend, the reader is referred to the web version
of this article.)

Table 1
Overall comparison of essential characteristics of PtNPs synthesized microbiologically different in this study.

Microbial strain PtNPs characteristic Antioxidant activity (%)

Size (nm) Zeta potential (mV)

Gram-negative bacteria P. kunmingensis ADR19 3.95 ± 1.20 −36.88 ± 0.78 55
P. faecalis FZC6 2.49 ± 0.39 −29.37 ± 2.19 93
V. fischeri NRRL B-11177 3.84 ± 0.90 −21.60 ± 5.99 77

Gram-positive bacteria J. coquinae ZC15 5.74 ± 1.12 −35.64 ± 11.05 97
S. psychrophila KC19 4.24 ± 1.24 −30.90 ± 13.16 75
K. rosea MN23 5.85 ± 1.23 −26.08 ± 8.13 28

Genetically engineered bacteria P. putida KT2440 8.06 ± 3.59 −20.37 ± 6.09 70
Yeast R. mucilaginosa CCV1 2.83 ± 0.48 −19.39 ± 5.69 84
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9



antioxidant activity (Table 1).
In other words, antioxidant activity may correlate with nanoparticle

size or zeta potential when Gram-negative or Gram-positive bacteria are
involved in the synthesis. Aiuchi et al. [43] demonstrated that PtNPs
with size 2 nm and zeta potential −40 mV had 100% antioxidant ac-
tivity at 0.08 μg/mL. They attributed this activity to the electrons
transferred from PtNPs (due to negative zeta potential) to DPPH radical.
The 25 nm PtNPs synthesized using Fusarium oxysporum had anti-
oxidant activity about 79% at 25 μg/mL, but the activity decreased at
higher concentrations [44]. Sri Ramkumar et al. synthesized PtNPs
using seaweed Padina gymnospora retaining 30% DPPH free radical
scavenging activity at 1000 μg/mL PtNPs [45] while the PtNPs pro-
duced in this work demonstrated higher antioxidant activity at the
same concentration. In our study, the DPPH free radical scavenging
activity percentage was appeared to be 95% for PtNPs from FZC6 and
ZC15 strains and more than 70% for PtNPs from B-11177, KC19,
KT2440, and CCV1 strains which was a remarkable results comparing
with their plant originated counterpart. These priorities of micro-
organisms over plants in the biosynthesis of PtNPs could be due to the
presence of very complex and diverse components and compounds such
as various enzymes, coenzymes, specific inclusion bodies, etc. that some
of them have only seen in the microbial system.

3.4. Antibacterial activity

The minimum inhibitory concentration (MIC) values of prepared
PtNPs were determined against Gram-negative E. coli and Gram-posi-
tive S. aureus bacteria (Table 2).

The results indicated that PtNPs with positive zeta potential have
better antibacterial activities against both Gram-negative and Gram-
positive bacteria which were in line with previous reports [46]. The
nanoparticles surface electrical charge is one of the significant factor
that affects nanoparticles antibacterial activity [47]. Moreover, amino
groups of protein residue present on the nanoparticles surfaces can
create more positive zeta potential facilitating the interaction of na-
noparticles with the negatively charged bacterial cell wall [18].
Meanwhile, both Gram-negative and Gram-positive bacteria surface are
negatively charged due to the presence of lipoteichoic acid (in Gram-
positives) and lipopolysaccharide (in Gram-negatives) [48]. Therefore,
the biogenic nanoparticles carrying amino groups on their surfaces can
attach more effectively to both Gram-negative and Gram-positive bac-
terial cell walls and destroy them at lower MIC values.

In our study, the proper antibacterial activities were observed for
CCV1-PtNPs, KT2440-PtNPs, B-11177-PtNPs, and MN23-PtNPs with
zeta potential −19.39, −20.37, −21.60, and −26.08 mV, respectively
while ADR19-PtNPs with the most negative zeta potential (−36.88 mV)
had the maximum MIC. Moreover, it was observed some of PtNPs in-
cluding ADR19-PtNPs, FZC6-PtNPs, KT2440-PtNPs, and CCV1-PtNPs
had better antibacterial activities on Gram-negative bacteria compared
to Gram-positives which might be due to their thick peptidoglycan
layer. Jeyapaul et al. [46] reported a better antibacterial activity of

PtNPs against Gram-negative bacteria than Gram-positive ones.
It is noteworthy to mention that the antibacterial activity of PtNPs

has been investigated in the previous reports [49] and this is believed
that free radicals produced from the antioxidant response of PtNPs
damage bacteria [50]. While one study reported that PtNPs increase the
level of intracellular reactive oxygen species (ROS) in bacterial cells.

We also tried to find out the antimicrobial activity spectrum range
of one of the selected biogenic PtNPs (ADR19-PtNPs) against two other
pathogenic bacteria (Pseudomonas aeruginosa PTCC1047 and Listeria
innocua ATCC25924). Results showed that for both bacteria higher
concentrations of PtNPs are required to inhibit the growth of these two
bacteria (MIC = 800 μg/mL). Therefore, the behavior of various pa-
thogenic bacteria could be different when exposed to certain PtNPs
make it the route open for investigating the PtNPs biosynthesis poten-
tial of other bacteria.

Subramaniyan et al. [51] found that platinum nanoclusters bio-
synthesized by the proteins of fresh green spinach leaves could inhibit
the expansion of Salmonella typhi (a foodborne pathogen) with MIC
12.5 μM. Also, Zou et al. [49] showed the great antibacterial property of
the PtNP treated silk fabrics against E. coli. Similar to our biogenic
PtNPs, another biologically synthesized PtNPs using Date plants had
antimicrobial activity against both Gram-negative and Gram-positive
bacteria [36]. The same antimicrobial behavior was observed for other
plant-mediated Pt NPs (synthesized via seed of Black Cumin) with
spherical shape and an average particle size of 3.47 nm [52].

In our study, although B-11177-PtNPs and KT2440-PtNPs had al-
most similar zeta potential (−21.60 ± 5.99 and −20.37 ± 6.09 mV,
respectively), their antibacterial activity was somehow different as B-
11177-PtNPs inhibited S. aureus growth more effectively than PtNPs
synthesized by KT2440 which had more or less similar antimicrobial
activity on E. coli. These differences could be most probably because of
either the nanoparticles size or the thickness of peptidoglycan layer in
Gram-positive bacteria [53]. Therefore, B-11177-PtNPs with smaller
size (3.84 nm) could pass more effectively through the thick cell wall of
S. aureus. Also, its relatively larger surface area to volume ratio can
cause more production of ROS. These reasons resulted in better anti-
bacterial activity and a decrease in the MIC value of B-11177-PtNPs for
S. aureus compared to KT2440-PtNPs with larger size (8.06 nm). In
general, according to results obtained both zeta potential and size of
nanoparticles can have a meaningful influence on antimicrobial activity
of PtNPs biosynthesized using different microbial strains.

4. Conclusion

In this study, a facile, eco-friendly, rapid, and low cost method for
PtNPs synthesis using microbial cell lysate supernatants (CLS) has been
developed. In the best of our knowledge, no record has been released on
PtNPs synthesis by yeast or genetically engineered bacteria. The for-
mation of the high purity of face-centered cubic structure was de-
termined for all prepared PtNPs regarding XRD analysis. The FTIR
spectra and EDS profiles revealed proteins-assisted fabrication and
stabilization of PtNPs. These PtNPs had a spherical shape and an
average particle size of less than 10 nm. All nanoparticles had re-
markable antioxidant activity as the samples with superior antioxidant
activity were appeared to be synthesized by a Gram-positive bacterium
(ZC15 strain) with the zeta potential of −35.64 mV and by a Gram-
negative bacterium (FZC6) with the size of 2.49 nm. Also, the suitable
antibacterial properties were found for prepared PtNPs against both
Gram-negative and Gram-positive bacteria. It was revealed that zeta
potential and size of nanoparticles are two major characteristics that
could have a significant effect on the antibacterial activity as the
highest antibacterial activity was observed for CCV1-PtNPs with zeta
potential −19.39 mV and size 2.83 nm. In overall, it assumes that the
type of microorganisms can have a meaningful impact on the char-
acteristics and properties of PtNPs as Gram-negative bacteria were
more beneficial to produce smaller nanoparticles, while using Gram-

Table 2
Minimum inhibitory concentration (MIC) of PtNPs synthesized by different
strains.

MIC (μg/mL)

PtNPs E. coli S. aureus

ADR19 200 400
FZC6 50 100
B-11177 6.25 6.25
ZC15 200 200
KC19 200 200
MN23 12.5 12.5
KT2440 6.25 12.5
CCV1 3.12 6.25
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positive bacteria, more negatively charged nanoparticles were synthe-
sized.
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