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A B S T R A C T

Enzyme-mediated nanoparticles synthesis has found promising attention by researchers. In this project, a
powerful uricase-producing bacterium was screened from poultry soil samples which are generally rich in uric
acid. GH3 isolate was identified as Alcaligenes -faecalis. Biosynthesis of AgNPs was done using the cell extract of
A. faecalis GH3 treated with an aqueous solution of AgNO3. SEM results show that AgNPs were spherical in shape
and were in size ranging from 32 to 49 nm. Also, the zeta potential of synthesized AgNPs in colloidal solution
was −21 mV, which displays the good stability of the particles in the colloidal solution. Results showed that the
maximum improvement in antibacterial activity of AgNPs mixed with antibiotic was about 162.5% for ampicillin
against B. cereus, compared to antibiotic alone. Furthermore DPPH and ABTS+ radical scavenging activities
showed increased activities with increasing concentration of AgNPs. IC50 values of AgNPs was obtained as 710
and 220 μg/ml for DPPH and ABTS+ scavenging activities, respectively. These results indicate that AgNPs
synthesis by cell extract of uricase producing Alcaligenes has potent application in antibacterial and antioxidant
approaches.

1. Introduction

Nowadays silver nanoparticles are one of the greatest commercia-
lized nanoparticles having a lot of applications in catalysis, molecular
diagnostics, textile, cosmetics, photography, and photonics (Singh
et al., 2015; Fariq et al., 2017). In addition, AgNPs have been used as
antimicrobial mediators in surgical bandages, dental hygiene, bone
substitute biomaterials, and eye treatment (Sharma et al., 2015; Fariq
et al., 2017). Conventional chemical and physical methods of synthesis
of nanoparticles are related to high energy consumption, and the con-
tribution of toxic compounds which make them not to be environ-
mental friendly. Moreover, researchers have cautioned the probable
risks of exposure to AgNPs produced using diverse chemical procedures
(Nakkala et al., 2017). Some recent papers have shown the toxic out-
come of orally ordered PVP-coated AgNPs and sulfadiazine AgNPs,
which gathered in kidney and liver and caused toxicity (Chaby et al.,
2005; Van der zande et al., 2012). In recent years, green chemistry
methods have encouraged scientists to synthesis nanoparticles by con-
suming green approaches (Shivaji et al., 2011; Rajeshkumar et al.,
2016; Fariq et al., 2017; Premkumar et al., 2018; Nanda et al., 2018;
Vijayabharathi et al., 2018).

Because of using nontoxic, eco-friendly compounds, and moderately
easier production procedure at ambient environments in green creation

of AgNPs, it has gained remarkable impact against physical and che-
mical techniques (Singh et al., 2013; Ghosh, and Sarkar, 2014; Ocsoy
et al., 2018). Furthermore, biomolecules act as a stabilizing agent for
AgNPs, which preventing from the time-course of aggregation of AgNPs
more than chemical methods (Singh et al., 2013; Ocsoy et al., 2018).
Due to easy cultivation, fast growth rate, and capability to develop at
ambient environments of temperature, pressure, and pH of bacteria
species, they are generally preferred for nanoparticles (NPs) synthesis.
Some bacteria like Bacillus (Wei et al., 2012; Priyadarshinia et al., 2013;
Velmurugan et al., 2014; Lateef et al., 2016a,b; Ghiut et al., 2018),
Stenotrophomonas maltophilia MKH1(Rostami et al., 2018), Streptomyces
(Abd-Elnaby et al., 2016), Escherichia coli (Viswanathan et al., 2016),
and Lysinibacillus (Bhatia et al., 2016) have been employed for green
synthesis of nanoparticles.

Bacterial production of nanoparticles occurs either intra- or extra-
cellularly concerning the localization of the reductive elements (Fariq
et al., 2017). Intracellular process of NPs production involves supple-
mentary phases to isolate the gathered nanoparticles from bacterial
cells and, consequently is less favored (Sneha, and Yun, 2013;
Kalishwaralal et al., 2010; Singh et al., 2015). Some new approach for
extracellular NP synthesis is synthesis using cell-free extract (CFE) and
culture supernatant (Kumar and Mamidyala, 2011; Shivaji et al., 2011;
Zonooz and Salouti, 2011). In the first strategy, silver nanoparticles
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produced from culture supernatant surround in the media constituents,
which could impede their colloidal dispersion, retrieval, and char-
acterization (Singh et al., 2015). Although, the last method confirms the
complete elimination of organic media constituents and bacterial bio-
mass (Singh et al., 2013, 2015), but long period of incubation of bac-
teria in distilled water may be inactivate biomolecules, especially en-
zymes.

In an efficient approach for NPs synthesis, well-grown bacteria
could be washed, centrifuged, and then sonicated in ice. Cell free ex-
tract was used a high concentrated and an ideal source for organic
molecules and biomolecules, especially reductive enzymes (Wei et al.,
2012; Gholami-Shabani et al., 2015; Wadhwani et al., 2018). This
technique not only confirms the whole elimination of organic media
components and bacterial biomass through frequent washings, but also
protects biomolecules against denaturation and proteolytic degrada-
tion. It qualifies nanoparticles to be produced just from organic bio-
molecules produced.

Up to now, several enzymes such as alpha amylase, laccase, kera-
tinase, xylanase, nitrate reductase, and protease have been used for
synthesis of AgNPs (Lateef et al., 2015a,b; Lateef et al., 2015a,b;
Adelere and Lateef, 2016; Elegbede et al., 2018a,b). These nano-
particles showed excellent properties, such as antioxidant, larvicidal,
anticoagulant and thrombolytic activities. The process may also be
catalyzed by whole enzyme or amino acids released due to enzyme
denaturation during reaction processes. Durán et al. (2014) showed the
participation of thiol groups and disulfide bounds of enzymes as the
reaction sites of nanoparticles synthesis. Similarly, the S–S and S–H
bounds of denatured enzymes could convert metallic ions to nano-
particles (Durán et al., 2014; Adelere and Lateef, 2016).

In the current study, cell extract of Alcaligenes faecalis GH3 was
applied in green synthesis of AgNPs. This isolate which screened from
soil produced a high potent uricase as a reductive enzyme. Effects of
different factors such as time, Ag concentration, pH and temperature on
the creation of AgNPs was also optimized. The created Ag nanoparticles
were characterized by analytical techniques. Their antimicrobial ac-
tivities were evaluated against the pathogenic Gram-positive and Gram-
negative bacteria, and the antioxidant activities also determined.

2. Materials and methods

2.1. Screening of uricase-producing bacteria

Since birds are uricotelic animals, poultry soils samples are gen-
erally deliberated to be rich in uric acid. These soils were gathered from
Kerman (Southeast, Iran). Uric acid consuming bacteria was isolated by
addition of poultry samples (1.0%) into enrichment medium (0.06%
KH2PO4; 0.15% K2HPO4; 0.01% NaCl; 0.005% CaCl2; 0.005% MgSO4,
7H2O; 0.5% Uric acid; pH 7.5). These flasks were maintained in an
orbital shaker incubator at 30 °C with shaking at 160 rpm for three
days. After that, the culture was reassigned to the new medium three
times. Then, samples were dispersed onto rich agar medium g/L (uric
acid: 2.0; peptone: 4.0; NaCl: 1.0; beef extract: 2.0; agar: 20.0 and the
pH was adjusted to 7.0). The initial screening was achieved by obser-
ving the presence of vibrant areas around the bacterial colonies re-
presenting zones of uric acid utilization (Ghosh and Sarkar, 2014). The
strains forming larger areas at the same time were nominated for uri-
case production. Finally, the best isolates were also cultured on the
specific agar medium (uric acid: 2.0; NaCl: 1.0; agar: 20.0 g/L), and the
pH was adjusted to 7.0. GH3 isolate, which produced the highest halo
around the colony at a shorter time, was selected as potent uricase-
producing bacteria.

2.2. Identification of uricase-producing bacteria

The potent strain GH3 was recognized morphologically and bio-
chemically agreeing with Bergey's Manual of Determinative

Bacteriology (Ravikumar and Krishnakumar, 2010). Molecular identi-
fication of this isolate was performed by 16S rDNA gene sequencing,
similar to previous reports (Ramezani-Pour et al., 2015; Azadian et al.,
2016; Afrisham et al., 2016). The amplified 16S rDNA sequence of GH3
strain was recognized by relating their sequence to BLAST in NCBI.
Multiple sequence alignment was performed by Clustal W, and phylo-
genetic analysis was also accomplished using the MEGA6 software
(Tamura et al., 2007). A phylogenetic tree was also assembled by using
the neighbor-joining manner (Saitou and Nei, 1987).

2.3. Uricase assay

The reaction of uricase activity contained 500 μl of uric acid (2mM)
dissolved in 100mM sodium-borate buffer (pH 8.0), 100 μl of phenol
(1.5%), 150 μl of 4-aminoantipyrine (25mM), 50 μl of peroxidase
(12 Uml−1), and 100 μl of uricase solution. The reaction mixture was
maintained at 30 °C for 30min. The reaction was stopped by the adding
of 1ml of ethanol, and the absorbance was measured at 540 nm. One
unit of uricase activity was defined as the quantity of enzyme that re-
liefs 1.0 μmol of H2O2 per min (Ravichandran et al., 2015).

2.4. Bacterial growth and uricase production

GH3 strain was added into 200ml of medium, and the flask was
maintained in an incubator for 72 h at 160 rpm at 30 °C. At diverse time
intervals (12, 24, 36, 48, and 72 h) samples were picked up, and the cell
biomass and uricase production (extracellular and intracellular) were
measured. The fresh medium was also used as a blank. To investigate
the time course of uricase construction, 25 μl of the cell free samples
were poured to the wells of the uric acid specific agar plate. The clear
halo was detected around the wells after 24 h of incubation (Ghosh and
Sarkar, 2014).

2.5. Preparation of crude enzyme

GH3 strain was added into the 20ml LB medium and maintained at
30 °C overnight to gain pre-culture as inoculum. The production
medium (250ml) was inoculated with 5% (v/v) inoculum and main-
tained at 30 °C, 170 rpm for 72 h. Bacterial cells were gathered by
centrifugation with 10,000 rpm for 8min at 4 °C, and then washed
thrice with deionized water. Pellets were re-suspended in Na-phosphate
buffer (0.5M, pH 7.5) and were disturbed by sonication at 4 °C by
protection sonifier output at 45 amplitude and giving 5 hits, each of
30 s, with 30 s break. The obtained homogenate was gathered at
12,000 rpm for 15min at 4 °C. The resulting vibrant supernatant was
gathered and used as crude uricase.

2.6. AgNPs synthesis and optimization

Three glass tubes, first containing 4ml of cell extract of Alcaligenes
GH3 with 2mM AgNO3, another having only cell extract, and the third
having only AgNO3 solution, were maintained for 24 h with 150 rpm.
The presence of brown color from transparent was a pointer for the
production of silver nanoparticles. Production of AgNPs was considered
by using UV–vis spectral analysis during the process. In addition, bio-
synthesis of AgNPs was also investigated at different conditions such as
temperatures (25, 35, 40 °C), pH (5.5, 7.0, 8.5), Ag+ concentration (1,
2, 4 mM) and time (6, 12, 24, 48 h). Samples were picked up and AgNPs
production was examined by using UV–vis spectral investigation, and
detecting color intensity alterations throughout the process.

2.7. Characterization of AgNPs

2.7.1. UV–visible spectroscopy (UV–vis)
Change in the color change of reaction mixture was investigated

through visual detection from pale yellow to brown. In addition, it was
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completed by severe peaks detected by the absorption band of AgNPs
by UV–vis spectrophotometer. At diverse time intervals, an aliquot of
the sample was taken and examined for wavelength scanning from 300
to 700 nm (Singh et al., 2015).

2.7.2. Zeta potential analysis
Zeta potential quantities were achieved on a Malvern Zeta sizer at

25 °C with an occurrence wavelength at 633 nm and a 170° back
sprinkle angle. The refractive index, viscosity, and absorption principles
were delivered in the Malvern software for water (= 0.8872 cP,
RI= 1.330). Nine runs were averaged for each fluid test for the purpose
of precision.

2.7.3. Fourier transform infrared spectroscopy (FT-IR)
For FT-IR spectroscopy, AgNPs produced by cell extract of

Alcaligenes GH3 strain was freeze-dried and subsequently diluted by KBr
(the ratio 1:100). The FT-IR spectrum of the samples were observed on
a JASCO FT-IR-4000 spectrophotometer device. All quantities were
considered in the range from 400 to 4000 cm−1 at a resolution of
4 cm−1. To recognize the functional groups present in the AgNPs
samples, the spectral information was associated with the reference
graph (Deepa et al., 2013).

2.7.4. Scanning electron microscopy
Scanning electron microscopy (SEM) was performed to detect the

shape, morphology and size of the formed silver nanoparticles. A
sample was done by object a drop of the blend onto an electric sanitary
glass and permitting the solvent to vaporize. The training of scanning
electron microscopy was examined on S-3400 2010 (Japan) at an in-
crease speed voltage of 10,000 V (attached with a CCD camera) (Kumar
et al., 2015).

2.8. Antibacterial evaluation of AgNPs

The antimicrobial activity of green formed AgNPs was considered
alongside different bacterial pathogens. The bacterial test used were P.
aeruginosa, K. pneumoniae, E. coli, S. aureus, B. subtilis, S. typhimurium,
and B. cereus. The antibacterial activity of biologically formed silver
nanoparticles was considered by well diffusion test (Priyaragini et al.,
2013). The Mueller-Hinton agar plates were inoculated with 100 μl
inoculum (1.5×108 CFU/mL) of each certain pathogen. Four wells
were prepared with sterile borer into cultivated agar plates. The green
formed AgNPs (70 μL) were discharged into one well of inoculated
Mueller-Hinton agar plates. In the other two wells, an equal volume of
AgNO3 and cell extract was transferred. After incubation at 35 °C for
24 h, the region of inhibition was considered as average ± SD of the
triplicate experiment.

2.8.1. Minimum inhibitory concentration
Minimum inhibitory concentration (MIC) of produced AgNPs

against test pathogens (E. coli, B. subtilis, P. aeruginosa, S. aureus and C.
albicans) was considered by well diffusion test on Mueller-Hinton agar
(Perez et al., 1990; Bhatia et al., 2016). To observe the minimum in-
hibitory concentration of produced AgNPs, different concentrations of
AgNPs were prepared. A uniform inoculum (1.5×108 CFU/mL) of
each pathogen (100 μL) were picked up, and spread with sterile swabs.
The wells with 8mm size were prepared with sanitary borer into these
agar plates. The lower slice of wells was wrapped with a petite molten
agar. Subsequently, the different concentration of AgNPs were trans-
ferred into different wells of these cultivated plates. The obtained plates
were maintained at 30 °C for 24 h. The lowest concentration of AgNPs
that prevents the growth of pathogens was measured as the minimum
inhibitory concentration (MIC).

2.8.2. Silver nanoparticles and their synergistic actions with antibiotics
The antimicrobial function of the produced silver nanoparticles was

investigated against bacterial pathogens. The collective construction of
AgNPs with standard antibiotic discs having a different manner of ac-
tion contains: Ampicillin (AM, 10 μg/disc; beta-lactam antibiotics
group), Ciprofloxacin (CIP, 5 μg/disc; fluoroquinolones group),
Tetracycline (TE, 10 μg/disc; sulphonamides group), and Gentamicin
(GN, 10 μg/disc; aminoglycoside). They were used to examine the sy-
nergistic effect of AgNPs-Ab against different bacterial pathogens. The
plates were maintained at 30 °C for 24 h and the inhibition region (mm)
was considered (Zarina and Nanda, 2014a,b). The rise in fold zone was
valued by calculating the average clear inhibition region caused by an
antibiotic alone and in blend with AgNPs (Fayaz et al., 2010; Zarina and
Nanda, 2014a,b).

2.9. Antioxidant assays

The biosynthesized silver nanoparticles were investigated for anti-
oxidant activity using three approaches as follows.

2.9.1. Scavenging of DPPH radicals
The efficiency of silver nanoparticles for scavenging DPPH (2, 2-

diphenyl-1-picrylhydrazyl) radical was considered using the procedure
of Chang and coworkers (Chang et al., 2002). Different concentration of
silver nanoparticles (12.5, 25, 50, 100 and 200 μg/ml) were dispersed
in methanol. To each sample, the equivalent volume of DPPH solution
(0.135mM in methanol) was added, vortexed thoroughly and left in the
dark for 30min at room temperature. The absorbance of the diverse
samples was investigated at 517 nm. The capacity of silver nano-
particles to scavenge the DPPH radical was measured as a percentage of
inhibition as follows:

=
−

×Inhibition
ODcontrol ODsample

ODcontrol
(%) 100

2.9.2. ABTS cation radical scavenging assay
The scavenging activities of ABTS+ were measured as described by

Mohan and coworkers with minor alterations (Mohan et al., 2012). At
first, ABTS+ was produced by a combination of ABTS solution (7mM)
and potassium persulfate solution (2.45mM) at a ratio of 2:1 (v/v) after
keeping for 16 h at 30 °C in the dark. The newly formed ABTS+ solution
was diluted with ethanol to an absorbance of 0.70 ± 0.04 at 734 nm.
The reaction system enclosed 50 μL of silver nanoparticles at con-
centrations of 10, 25, 40, 50, 70, 100 and 120 μg/mL and a 400 μL
prepared ABTS+ dilution. The blend was kept at 25 °C in the dark for
10min, and then, the absorbance of the mixture at 734 nm (A734) was
measured (Wang et al., 2018). The ABTS+ solution without any anti-
oxidants was stated as 100%. The ABTS+ radical scavenging assay was
measured as revealed in the following Eq.:

=
−

×Inhibition
OD control OD sample

ODcontrol
(%) 100

2.9.3. Total antioxidant assay
The total antioxidant activity of silver nanoparticles was calculated

following the technique defined by Prieto and coworkers (Prieto et al.,
1999). An aliquot of 300 μl of each concentration prepared as defined
above was added to 3ml of reagent solution (28mM sodium phosphate,
4 mM ammonium molybdate, and 0.6M sulfuric acid), maintained at
95 °C for 90min. After cooling the samples, the absorbance of the so-
lutions was considered at 695 nm, and the antioxidant activities were
measured as % following this equation (Gomaa, 2017):

=
−

×Total antioxidant
OD control OD sample

ODcontrol
(%) 100

2.9.4. Reducing power
Fe3+ reducing capacity of silver nanoparticles was investigated by
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the manner of Oyaizu (1986). Different concentrations of silver nano-
particles (0.75 ml) were added with equivalent volumes of phosphate
buffer (0.2M, pH 6.6) and K3Fe(CN)6 (1%, w/v), maintained at 50 °C
for 20min. Trichloroacetic acid (TCA) solution (10%) was inoculated to
stop the reaction and then centrifuged at 10,000 g for 15min. Finally,
FeCl3 (0.1%, w/v) added to the diluted supernatant for 10min, the
absorbance was considered at 700 nm (Kida, 1966).

3. Results and discussion

3.1. Isolation and identification of the uric acid utilization strains

Four bacterial strains were isolated from poultry soil which could
consume uric acid as a sole carbon and nitrogen sources. The devel-
opment of the clearance zone around the colonies in specific agar plates
directed utilization of uric acid. The most potent GH3 isolate which
showed the highest area was designated for the following study. Fig. 1
showed the cell growth and uric acid consumption in specific agar
media. Results showed that uricase production commenced after 6 h of
incubation and reached the highest after 72 h of incubation (39mm).
Ghosh and Sarkar (2014) reported that uric acid was degraded by
uricase from Comamonas sp. BTUA within 9 h and it reached 99% at
33 h of growth.

Genomic DNA of Alcaligenes GH3 was isolated, and the gene of 16S
rDNA was amplified. The results of nucleotide BLAST defined scores of
16S rDNA sequence of GH3 isolated in association to analogous strains.
GH3 isolate was categorized as genera Alcaligenes, having 97% max-
imum identity. Fig. 2 showed the phylogenetic relationships between
Alcaligenes GH3 strain and some of the most strictly related species.
Some recently identified bacteria for generating uricase have been re-
ported as Micrococcus, Brevibacterium, and Escherichia coli (Kida, 1966),
Proteus vulgaris (Azab, 2005), Sphingobacterium thalpophilum
(Ravichandran et al., 2015), Streptomyces albosriseolus (Bongaerts and
Vogels, 1976; Ammar et al., 1987), Pseudomonas aeruginosa (Khade
et al., 2016), and Bacillus thermocatenulatus (Lotfy, 2008).

3.2. Synthesis of silver nanoparticles

Results showed that the GH3 strain produced about 42 U ml−1 after
48 h of cultivation. Formation of silver nanoparticles was confirmed by
color alteration of the medium from pale yellow to dark brown (Fig. 3).
Simultaneously, two other flasks, one contained only cell extract of

Alcaligenes GH3, and the other contained only AgNO3 solution were also
used as controls. No color change of these two flasks established that
cell extract of Alcaligenes GH3 with silver nitrate was owing to the
construction of AgNPs (Fig. 3). The green synthesized AgNPs was
characterized by UV–vis spectrum scanning (200–700 nm), as shown in
Fig. 3. This technique investigates the absorption spectra of AgNPs
production owing to collective excitation of conduction electrons in the
Ag metal. So, it has been revealed to be an operational method for the
nanoparticles analysis. It has been previously reported that the max-
imum absorbance of spherical AgNPs occurred between 420 and
450 nm (Talekar et al., 2014; Lateef et al., 2015a,b). Lateef et al.
(2015a,b) showed that Keratinase from Bacillus safensis LAU13 pro-
duced AgNPs with dark brown color after 1.5 h of incubation.

3.3. Optimization of production of silver nanoparticles

Time course of silver nanoparticles synthesis by cell extract of
Alcaligenes GH3 was also investigated by a color change and UV–Visible
spectroscopy approaches. Results in Fig. 4, showed that biosynthesis of
silver nanoparticles was perceived after 1 h of incubation and it reaches
maximum after 24 h of incubation. It was noted that, no significantly
AgNPs production was detected after 48 h of incubation. So, production
after 24 h was used as the best time for NPs synthesis.

Results of the consequence of different pH values on the silver na-
noparticles is shown in Fig. S1. These results indicate that the extreme
of silver nanoparticles production was attained at pH 7.0, compared to
other levels (pH 5.5, 8.0). At lower and higher pH, the absorbance and
color change was respectively lower. It might be indicated that the
reductase enzyme may be inactivated at the acidic and alkaline con-
dition. Consequently, pH 7.0 was used as an optimized pH for the
production of Ag nanoparticles and also it related to the surface charge
and pI of the protein. Bio-synthesis of silver nanoparticles was also
explored at diverse temperatures (25, 35, and 45 °C). As shown in Fig.
S2, good production of silver nanoparticles was achieved at different
studied temperatures. Although, the best fabrication of AgNPs was
observed at 35 °C after 6 and 12 h of incubation, the synthesis of AgNPs
were highest after 24 h of incubation at 35 and 45 °C. So, synthesis at
35 °C was selected for further studies. Effect of substrate concentration
on the AgNPs production was investigated after 24 h of incubation. Cell
extract was incubated with 1.0, 2.0, and 4.0 mM of AgNO3. The highest
production was observed at 4.0 mM, as shown in Fig. S3. But silver
nanoparticles have been aggregated at this concentration. So, 2 mM of
substrate concentration was used for further study. Patil et al. (2014)
showed that the optimum conditions for the synthesis of silver nano-
particles were at pH 7.0, 0.05% of silver nitrate, 5 mg/ml of cells, and
ambient temperature (26–36 °C).

3.4. Characterization of silver nanoparticles

The FTIR spectrum of Ag nanoparticles gives insight about the
presence of different functional groups in the produced AgNPs to realize
how bio-molecules like enzymes and proteins could probably perform
as stabilizing, capping, and reducing agent for the biosynthesis of the
Ag nanoparticles by the cell extract of uricase producing Alcaligenes
GH3.

The FTIR spectrum analysis for silver nanoparticles signified deep
absorption bands at 3447.20, 2920.95, 2851.78, 1634.48, 1543.03 and
1002.54 cm−1, respectively, similar to previously reports (Zarina, and
Nanda, 2014; Singh et al., 2016, 2018). The deep spectrum of FTIR
peak at 3447 cm−1 was stated as the intense stretching vibrations of
O–H functional group. In addition, this strong peak maybe related to
the N–H stretch, which was specific of the amine group (Fig. 5A).
Furthermore, the band at 2920 cm−1 point out C–H stretching of me-
thylene groups of the protein. The moderate intense peak was detected
at 1634 and 1543 cm−1 indicating C–O stretching of amides I, which is
because of carbonyl stretch ambiances in the amide associations of

Fig. 1. a) Time course of cell growth and uric acid consumption of Alcaligenes
GH3 on specific agar medium.
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proteins (Ogi et al., 2010). Also, the typical peak 1002 cm−1 was at-
tributed to the functional group of amide-II of proteins. These signs
propose that the biomolecules existent in the cell extract of Alcaligenes
GH3 could probably implement the function for the development of
stable silver nanoparticles. It was identified that the silver nanoparticles
could bind to protein through free amide groups, which designate that
the proteins act as covering mediator for the stabilization of nano-
particles (Lok et al., 2006; Sarkar et al., 2007).

Results in Fig. 5B shown that AgNPs were globular in shape and
were in size ranging from 32 to 49 nm. It specified that cell extract of
Alcaligenes GH3 has a potent capacity for the biosynthesis of AgNPs.
Devika and co-workers stated that the spherical AgNPs have a diameter
that reached from 40 to 50 nm (Devika et al., 2012). Furthermore,
Faghri and Salouti reported that the extracellular production of AgNPs
was globular, and the size alternated from 10 to 100 nm (Faghri and
Salouti, 2011). But, Bhosale and co-workers reported that the produced
AgNPs were irregular in shape (Bhosale et al., 2015), while Saminathan
presented that the average size of produced AgNPs was larger than

50 nm and globular in shape (Saminathan, 2015).
In the literature, α-amylase was used for AgNPs synthesis, which

their shapes were hexagonal and triangular with sizes ranging from 22
to 44 nm (Mishra et al., 2012) while spherical AgNPs synthesized by
laccase exhibited effective antimicrobial activities (Durán et al., 2014;
Lateef et al., 2015a,b). In addition, keratinase synthesized spherical-
shaped AgNPs of 5.0–30 nm with strong antibacterial activities (Lateef
et al., 2015a,b). Also, nitrate reductase and cellulose have been used for
synthesis of spherical-shaped AgNPs (Talekar et al., 2014). Further-
more, Lateef and Adeeyo produced AgNPs using Laccase of Lentinus
edodes were walnut-shaped and the size ranged between 50 and 100 nm
(Lateef and Adeeyo, 2015). Also, Azeez and co-workers showed that the

Fig. 2. Phylogenetic tree of GH3 strain showing relativeness with similar species. The branching pattern was generated by the neighbor-joining method (MEGA6
Genome sequencing software; based on 1000 replications, bootstrap percentages above 50% are shown).

Fig. 3. UV Visible Spectrum analysis of biologically synthesized AgNPs.

Fig. 4. Time course synthesis of AgNPs by cell extract of Alcaligenes GH3.
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spherical CBE-AgNPs had size variety of 8.96–54.22 nm (Azeez et al.,
2017).

The DLS graph of green production of silver nanoparticles is re-
vealed in Fig. 6A. The size stately by DLS technique is not only the size
of AgNPs, but it also contains the compounds absorbed on the surface of
metallic nanoparticles. Consequently, the size obtained by DLS method
is higher than obtained by other methods. The zeta potential is a sign of
the constancy of colloidal aqueous diffusions. Generally, particles with
zeta potential (n > 30mV) are assumed to be stabilized because of
electrostatic revulsion (Jacobs and Muller, 2002). In this study, the zeta
potential of synthesized silver nanoparticles in colloidal solution was
−21 mV, which displays the outstanding stability of the silver

nanoparticles in the colloidal solution (Fig. 6C).

3.5. Antibacterial activity of synthesized AgNPs

The antimicrobial activity of AgNPs explored against Gram-negative
(P. aeruginosa, K. pneumoniae, and E. coli) and Gram-positive bacteria (S.
aureus, B. subtilis, S. typhimurium, and B. cereus). AgNPs synthesized by
cell extract of Alcaligenes GH3 displayed good antibacterial activity
against all tested strains compared to control (Fig. S4). The Gram-ne-
gative bacteria (E. coli, K. pneumoniae) exhibited a maximum zone of
inhibition of 13.10mm, which might be because of the thicker cell wall
of Gram positive bacteria compared to the Gram negative bacteria. So,

Fig. 5. FTIR and SEM analysis of biologically synthesized AgNPs.
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this rigid structure causes difficult penetration of the AgNPs through
the cell wall of Gram positive bacteria. Previously reports clarified that
silver ions from AgNPs committed to the negatively charged bacterial
cell wall and so, causes protein denaturation, gathering of envelope
protein precursors, improved membrane permeability, the indulgence
of the proton motive force, causing depletion of intracellular ATP and
lastly cell death (Lin et al., 1998; Dibrov et al., 2002; Salopek-Sondi,
2004; Shrivastava, 2007; Anbu et al., 2019).

3.5.1. Determination of minimum inhibitory concentration
3.5.1.1. (MIC) of synthesized AgNPs. The zone of inhibition of diverse
values of AgNPs around each well was studied and the average of three
replicates presented in millimeter (Table 1). Results showed that the
MIC against S. aureus and B. cereus was 15 μg/mL. Higher
concentrations of silver nanoparticles (30 and 60 μg/mL, respectively)
inhibited the growth of P. aeruginosa and B. subtilis (Table 1).
Shrivastava and co-workers reported the MIC value of AgNPs against
S. aureus as 100 μg/mol (Shrivastava et al., 2009), as well as in the
report of Dos Santos et al. (2014). The MIC of silver nanoparticles

Fig. 6. DLS and Zeta potential analysis of biologically synthesized AgNPs.
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against P. aeruginosa has been stated as 75 μg/mL, and 20 μg/mL in two
dissimilar studies (Palanisamy et al., 2014). But the MIC of AgNPs
against B. subtilis was reported as 40 μg/mL (Ruparelia et al., 2008).

Some parameters such as source and strain of pathogens, stabiliza-
tion method in nanoparticles synthesis and diverse size and shape of
nanoparticles are some factors that are responsible for the different
values of MIC for the same pathogens (Pal et al., 2007). Furthermore,
other factors include releasing of Ag from AgNPs, the value of the
surface-to-volume ratio effect on the bactericidal activity of silver na-
noparticles (Stobie et al., 2008). So, the silver nanoparticles produced
using eco-friendly and green way can be used for biomedical applica-
tion.

3.5.2. Synergistic effect of synthesized AgNPs with antibiotics
The different bacterial pathogens displayed diverse susceptibilities

to silver nanoparticles. The mutual effect of silver nanoparticles with
four standard antibiotic discs (Ampicillin, Tetracycline, Ciprofloxacin

and Gentamicin) was considered against some pathogenic bacteria (P.
aeruginosa, K. pneumoniae, E. coli, K. planticola, S. aureus, B. subtilis, S.
typhimurium, and B. cereus). The inhibition area for standard antibiotics
alone, and in blend with AgNO3 and AgNPs established an important
rise in the fold zone for the most pathogenic bacteria (Table 2).

Results showed that the maximum improvement in the antibacterial
activity of AgNPs mixed with antibiotic were about 162.5 and 122.2%
for ampicillin against B. cereus and tetracycline against E. coli, respec-
tively, compared to antibiotic alone. In spite of that, the negative results
also obtained for AgNPs-Ab complex, which yields lower area of in-
hibition when associated with the antibiotic area, such as Gentamicin
against K. planticola and Ampicillin against S. aureus. Similar results
were also reported that the combination of silver nanoparticles with
antibiotics improved the antimicrobial activity of standard antibiotics
(Zarina and Nanda, 2014a,b; Fayaz et al., 2010). Rajeshkumar reported
that the highest inhibition zone was obtained in the combination of
AgNPs with Gentamycin and Ampicillin against B. subtilis, and K.
planticola, respectively (Rajeshkumar et al., 2016). Sarkar et al. also
stated that for S. aureus (ML 422), and E. coli (ATCC 10536) AgNPs
revealed more bactericidal competence compared to penicillin (Sarkar
et al., 2007).

Oladipo and co-workers exhibited that the development of
13.6–71.4, 8.3–57.1 and 71.4–85.7% were found for ampicillin, cipro-
floxacin, and cefuroxime respectively when used in mixture of AgNPs
(Oladipo et al., 2017). Azeez and co-workers were also enhanced ac-
tivities of ampicillin, cefuroxime, cefixime, and erythromycin by
42.9–100% in synergistic studies (Azeez et al., 2017). Enhancement of
activities of augmentin, ofloxacin, and cefixime to the adjustment of
7.4–142.9% was reached in synergistic training (Lateef et al., 2015a,b).

Table 1
MIC of silver nanoparticles by agar disc diffusion assay.

Zone of inhibition (mm)

pathogen Silver nanoparticles concentration (in μg/ml)

256 128 64 32 16

P. aeruginosa 8.5 ± 0.1 8 ± 0.3 7.5 ± 0.23 7 ± 0.1 0
S. aureus 9.5 ± 0.21 9 ± 0.2 8.5 ± 0.4 8 ± 0.1 7 ± 0.1
B. subtilis 10 ± 0.12 9 ± 0.1 8.5 ± 0.2 0 0
B. cereus 10.5 ± 0.11 10 ± 0.3 10 ± 0.2 9.5 ± 0.5 9 ± 0.13

Table 2
Synergistic effect of antibiotics with and without silver nanoparticles against different pathogenic bacteria.

Inhibition Zone (mm) Antibiotic Pathogenic bacteria

Improvement (%) of AgNPs-Ab mix to Ab alone Ab + AgNPsc Ab + AgNO3
b Aba

+36.3
+45.4
+94.4
+25.0

30
32
35
10

23
23
29
10

22
22
18
8

Gentamicin
Ciprofloxacin
Tetracycline
Ampicillin

P. aeruginosa

- 35
+14.8
+112.5
−5.3

13
31
34
36

20
23
16
41

20
27
16
38

Gentamicin
Ciprofloxacin
Tetracycline
Ampicillin

K. pneumoniae

+111.5
+62.5
+122.2
+150

19
26
20
20

10
17
12
10

9
16
8
8

Gentamicin
Ciprofloxacin
Tetracycline
Ampicillin

E. coli

−38.5
+13.3
−21.4
−5.9

8.0
34
11.0
16

12.5
32
10.5
14

13
30
14
17

Gentamicin
Ciprofloxacin
Tetracycline
Ampicillin

K. planticola

+26.1
+56.5
+46.1
−33.3

29
36
38
8.0

23
24
27
10

23
23
26
12

Gentamicin
Ciprofloxacin
Tetracycline
Ampicillin

S. aureus

+116.7
+36.8
+88.9
+180

26
26
34
14

21
18
23
8

12
19
18
5

Gentamicin
Ciprofloxacin
Tetracycline
Ampicillin

B. subtilis

+22.7
+15.4
+87.5
+13.3

27
30
30
34

24
26
30
31

22
26
16
30

Gentamicin
Ciprofloxacin
Tetracycline
Ampicillin

S. typhimurium

+50
+43.5
+68
+162.5

30
33
42
21

25
25
25
19

20
23
25
8

Gentamicin
Ciprofloxacin
Tetracycline
Ampicillin

B. cereus

a Ab=Antibiotic alone.
b Ab + AgNO3=Antibiotic with silver nitrate.
c Ab + AgNPs = Antibiotic with silver nanoparticles.
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Lateef and Adeeyo described that the AgNPs prompted a 20mm in-
hibitory area at 141 μg/ml concentration for AgNPs (Lateef and Adeeyo,
2015). The interaction between AgNPs, and phosphorus of biomole-
cules of the bacterial cell can helps the entry of these particles into the
bacterial cell, so resulting in cell-killing (Lateef and Adeeyo, 2015;
Oladipo et al., 2017; Lateef et al., 2015).

AgNPs and ampicillin interact with each other through weak bonds
such as van der Waals forces. Also, antibiotics have some active func-
tional groups such as hydroxyl groups on their surface which can de-
finitely react with silver nanoparticles by chelation (Fayaz et al., 2010).
This complex acts on the bacterial cell wall and then leading to diffu-
sion of silver nanoparticles into the cell (Fayaz et al., 2010). Further-
more, phosphorus-containing elements like DNA, and sulfur-containing
proteins are possible to be the favored positions for AgNPs binding
(Bragg and Rainnie, 1974; McDonnell and Russell, 1999; MubarakAli,
2011). Fayaz and co-workers reported that AgNPs-ampicillin complex
inhibits DNA unwinding and ciprofloxacin-AgNPs complex operated on
DNA gyrase as compared to antibiotic or AgNPs alone (Fayaz et al.,
2010). However, green synthesis of AgNPs using cell extract of Alcali-
genes GH3 can make nanoparticles more biocompatible and reduce the
adverse effects of chemical agents.

3.6. Antioxidant activity

Reactive oxygen species (ROS) triggered the destruction of complex
cellular molecules such as proteins, carbohydrates, DNA, and lipids.
This can lead to development of several diseases like cancer,

cardiovascular diseases, renal failure, liver diseases, and inflammatory
problems. Antioxidants are agents that limit the toxic effects of these
oxidant reactions. The antioxidant activity of silver nanoparticles was
considered using four diverse colorimetric assays. DPPH assay is con-
stant, simple and more viable assay. Fig. 7a showed the results of the
DPPH radical scavenging function of silver nanoparticles. The absor-
bance at 517 nm diminished when the concentration of silver nano-
particles improved from 160mg/ml to 960mg/ml signifying pro-
liferation in free radical scavenging function. The IC50 value of silver
nanoparticles was 710mg/ml. Similar dose-dependent DPPH activity
was reported by AgNPs biosynthesized (Seralathan et al., 2014;
Moteriya et al., 2017; Wang et al., 2018). ABTS cation radical scaven-
ging function of AgNPs is shown in Fig. 7b. ABTS+ radical scavenging
function increased by growing the value of silver nanoparticles. The
IC50 value of silver nanoparticles was 220 μg/ml. The concentration
dependent ABTS+ radical scavenging assay in plant-mediated silver
nanoparticles have been previously reported (Patra et al., 2016;
Moteriya and Chanda, 2017; Moteriya, and Chanda, 2018;
Khoshnamvand et al., 2019; Wang et al., 2018). The phosphomo-
lybdenum process of whole antioxidant ability test was based on the
reduction of Mo (VI) to Mo (V) by the antioxidant complex and de-
velopment of a green phosphate/Mo (V) complex. The IC50 value of
silver nanoparticles was 65 μg/ml (Fig. 7c). The same results were also
obtained by silver nanoparticles synthesized by Allium cepa extract
(Gomaa, 2017). The reducing ability of silver nanoparticles is shown in
Fig. 7d. Results indicated that reducing power improved by growing the
value of silver nanoparticles. The increased absorbance at 700 nm

Fig. 7. Antioxidant activity of AgNPs (A) DPPH free radical scavenging activity, (B) ABTS radical scavenging activity, (C) total antioxidant capacity, and (D)
Reducing capacity assessment.
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showed an increase in reductive capacity of silver nanoparticles. Results
obtained were similar to previously described parallel results in Cleis-
tanthus collinus extract and Caesalpinia pulcherrima stem metabolites
synthesized silver nanoparticles (Kanipandian et al., 2014; Moteriya
and Chanda, 2017).

4. Conclusion

This study exhibits the creation and characterization of Ag nano-
particles by cell extract of uricase producing Alcaligenes GH3. Protein in
the cell extract was responsible for the bio-reduction, stabilization, and
capping agent of silver ions. DLS consideration displayed the spreading
of silver nanoparticles in range of 30–50 nm and zeta potential ex-
hibited very respectable consistency in colloidal solution. Silver nano-
particles produced by cell extract of Alcaligenes GH3 displayed excellent
antibacterial activity against some Gram positive and Gram-negative
bacteria. Furthermore, AgNPs-antibiotic complex showed excellent sy-
nergic effect on the most of tested pathogenic bacteria. In addition, it
showed appreciated antioxidant properties with increasing concentra-
tion. Taken together, this study showed that biologically synthesized
silver nanoparticles have an excellent capacity of an antimicrobial and
antioxidant agent.
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