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The ability of a natural stabilizing and reducing agent on the synthesis of silver nanoparticles (Ag NPs) was
explored using a rapid and single-pot biological reduction method using Nocardiopsis sp. GRG1 (KT235640)
biomass. The UV-visible spectral analysis of Ag NPs was found to show a maximum absorption peak located at a
wavelength position of ~422 nm for initial conformation. The major peaks in the XRD pattern were found to be
in excellent agreement with the standard values of metallic Ag NPs. No other peaks of impurity phases were
observed. The morphology of Ag NPs was confirmed through TEM observation, demonstrating that the particle
size distribution of Ag NPs entrenched in spherical particles is in a range between 20 and 50 nm. AFM analysis
further supported the nanosized morphology of the synthesized Ag NPs and allowed quantifying the Ag NPs
surface roughness. The synthesized Ag NPs showed significant antibacterial and antibiofilm activity against
biofilm positive methicillin-resistant coagulase negative Staphylococci (MR-CoNS), which were isolated from
urinary tract infection as determined by spectroscopic methods in the concentration range of 5-60 pg/ml. The
inhibition of biofilm formation with coloring stain was morphologically imaged by confocal laser scanning
microscopy (CLSM). Morphological alteration of treated bacteria was observed by SEM analysis. The results
clearly indicate that these biologically synthesized Ag NPs could provide a safer alternative to conventional
antibiofilm agents against uropathogen of MR-CoNS.

1. Introduction embedded in a complex polymer matrix of several bacterial cells, adapt

to live in apprehensive conditions and develop resistance to current

Multidrug resistance (MDR) bacteria are an emerging burden and
represent a daily challenge for the management of antimicrobial
therapy in healthcare settings [1]. Therefore, there is an emerging need
to discover effective, secure and affordable antimicrobial agents to
handle this problem. Silver and its derivatives are being utilized owing
to their antimicrobial ability for infections caused by microbes [2].
Most researchers reported that silver nanoparticles (Ag NPs) possess
efficient antibacterial activity against Gram-positive (GP) and Gram-
negative (GN) MDR bacterial strains [3]. In addition to MDR, many
bacteria create a community like structure designated as biofilm, which

antibiotics [4]. The biofilm formations defend the bacterial cells when
compared with free-living cells. In particular, the biofilm forming
bacteria play a major role in urinary tract infection (UTIs) and may
cause death [5]. Among UTI pathogens, GP bacteria Staphylococci
aureus is frequently present in the mixed population of biofilm and it is
related to UTI obstruction, blockage of urinary catheters and kidney
infections [6]. It also linked to other related infections like catheter
association including crystalline biofilms, urinary stones, pyelone-
phritis, and septicemia [7]. Hence, current researchers are investigating
novel strategies and chemical compounds to compete with the biofilm
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inhibition role, which quickly develops resistance.

Nanotechnology is emanating as an expeditious increasing field
with its application in science and technology for the purpose of pro-
ducing new materials that possess nanoscale dimensions [8]. The
synthesis of nanoparticles via biological methods is very reliable and is
an alternative to more complex chemical synthetic procedures to obtain
nanomaterials. Some of these biological methods include the use of
microbes and plants extract [9-11]. In addition, most of the chemicals
used to synthesize NPs are hazardous for the environment and living
organisms [12,13]. Various categories of nanomaterials like metal,
metal oxide and polymer NPs have recently arisen from biologically
mediated syntheses [14,15]. Among these nanoparticles, Ag NPs were
found to be more productive and applied for many applications in-
cluding antimicrobials, therapeutics, anti-biofilm, anticancer, biomo-
lecular detection, biolabeling, catalysis and microelectronics, nonlinear
optics and intercalation materials for electrical batteries [16-20]. In
particular, the excellent antimicrobial efficacy of Ag NPs due to their
special physicochemical properties have been reported.

Marine actinomycete is an important resource for obtaining new
products for healthcare and other industrial applications that are of
potential interest for the synthesis of antimicrobial agents [21]. The
production of Ag NPs by using marine actinomycetes could potentially
offer improved stability and reduced polydispersity due to extreme and
unexplored environments, which was predicted to be a rich source of
novel metabolites. Previously, marine actinomycetes were found to
possess significant biocidal activity against MDR pathogens [22,23].
The present study aimed to synthesize and characterize Ag NPs using
marine actinomycete of Nocardiopsis sp. GRG1 (KT235640) as biolo-
gical stabilizing and reducing agent. In addition, the antibiofilm activity
and their potential effects against GP bacterial strain of methicillin-re-
sistant coagulase negative staphylococci (MR-CoNS) was investigated.

2. Materials and methods
2.1. Preparation of actinomycetes biomass

Nocardiopsis sp. GRG1 (KT235640) was inoculated into starch casein
broth medium, previously prepared with 50% of seawater and in-
cubated at 28 °C for 6 days in a shaker at 120 rpm. The culture was
centrifuged at 5000 rpm at 4 °C for 15 min and the deposited mycelium
was subsequently stored at 4 °C after consecutive washing with distilled
water [24].

2.2. Biological synthesis of Ag NPs

In brief, ~20g of Nocardiopsis sp. GRG1 (KT235640) biomass was
transferred to 100 ml of 1 mM silver nitrate (AgNO3) solution and in-
cubated at 28 °C for 6 days in a shaker at 120 rpm. The flask was as-
certained for the visible color change from yellow to brown at regular
interval. The experimental actions were carried out under dark condi-
tion. After the incubation, the solution was centrifuged at 5000 rpm for
30 min and the pellets were collected.

2.3. Characterization of Ag NPs

The UV-visible absorption spectrum (Shimadzu UV-2500) of Ag NPs
was recorded using the absorption mode and in the wavelength range of
200-800 nm. Fourier transform infrared spectroscopy (FTIR, NEXUS-
870) of synthesized Ag NPs was performed in the wavenumber range of
4000-400 cm ! and the KBr disc method was used for recording the
spectra. XRD patterns of the samples in a powder form were recorded at
a voltage of 40kV, a current of 30 mA, 26 range from 30° to 80° in a
fixed time mode at room temperature using a XPERT-PRO X-ray dif-
fractometer equipped with Cu Ko radiation (A = 1.54178A). The
roughness factor of the Ag NPs was measured by atomic force micro-
scopy (AFM, SU-70 ModellL-hi-0028-0001). Structural morphology
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characterization of Ag NPs was imaged by transmission electron mi-
croscopy (TEM) (Hitachi JEM-2100).

2.4. Specimen collection

The retrospective study was performed from November 2017 to
December 2017 at K. A. P. V. Government Medical College & Hospital,
Tiruchirappalli, Tamil Nadu, India. A total of 100 urine specimens were
obtained for 1 month from 55-year-old men using sterile container.

2.5. Isolation and identification of bacterial strain

The urine specimens were streaked on biplates, including 5% sheep
blood agar (BA)/MacConkey agar (MCA). All the plates were incubated
at 37 °C for 24 h. After incubation, the presence and absence of the
colonies in the plates was observed based on the hemolysis and pigment
production [25]. Consequently, the positive cultures were streaked on
bile esculin plates for Enterococci sp. and mannitol salt agar (MSA) for
Staphylococci sp. Based on the color and hemolysis variation of MSA was
used as a specific agar for Staphylococci sp.

2.6. Detection and characterization of CoNS strain

The isolates were identified by catalase and tube coagulase tests. If
the isolates were confirmed as CoNS, biochemical tests and anti-
microbial discs were used for their characterization up to species level.
All the procedure was used according to Bergey's manual [26].

2.7. Antimicrobial susceptibility pattern (ASP)

The antibiotic resistance of CoNS strain was determined using spe-
cific UTI panel for staphylococci including HX UTI 012 & HX UTI 077
antibiotic discs method, imipenom (IPM-10 pg), azlreonam (AT-30 pug),
cefoperazone/sulbactum (CFS-75/10 ng), piperacill/tazobactam (PIT-
100/10 pg), ceftazidime (CAZ-30 pg), netillin (NET-30 ug) and amox-
yclav (AMC-30 pg), ampicillin (AMP-10 pg), ciproflaxacin (Cip-5 pg),
co-Trimoxazole (Cot-25 png), gentamicin (Gen-10 pg), norfloxacin (NX-
10 pg) respectively. The control strain of S. aureus ATCC 25923 was also
used for comparison [27].

2.8. Detection of methicillin resistant uropathogens

The detection of methicillin resistance effect in the control S. aureus
ATCC 25923 and selected CoNS was conducted by Kirby-Bauer disk-
diffusion method [28]. Around the methicillin, third generation ce-
phalosporin antibiotics including ceftazidime, cefotaxime, ceftazidime/
clavulanic acid, ceftazidime/clavulanic acid were also used for this
study.

2.9. Identification of biofilm formation

The detection of biofilm formation in MR-CoNS was performed by
quantitative tissue culture plate method (TCP) [29]. Briefly, the 24h
cultures of MR-CoNS were cultivated in 96-well polystyrene plate (Hi-
media, India) supplemented with 0.1% glucose as the growth medium,
combined with tryptic soy broth (TSB) at 37 °C for 24 h. After incuba-
tion, all the wells were washed with 0.2 ml of phosphate buffered saline
(PBS) to detach the non-adhering cells. 0.1% crystal violet solution (w/
v) staining was subsequently applied for 15 min and the cells were fixed
with 9% ethanol. A non-biofilm producer of S. aureus ATCC 25923 was
used as a positive control, which was evaluated at a wavelength of
600 nm by spectrophotometry. The isolates are designated as biofilm
positive > 0.240 and all the experiment was performed in triplicate.
Based on the CLSI Guidelines, the values of biofilm positive and nega-
tive are reported in Table 1.



G. Rajivgandhi, et al.

Table 1
CLSI Guideline of biofilm detection for Gram-negative bacteria and Gram-po-
sitive bacteria. OD stands for optical density.

Biofilm formation Adherence Mean value of OD
High Strong > 0.240
Moderate Moderate 0.120-0.240
Non/Weak Non/Weak < 0.120

2.10. Congo red agar assay (CRA)

The selected isolate was streaked on the CRA plates and incubated
at 37 °C for 24 h. The MR-CoNS biofilm promoter strain exhibited dark
black color colonies and the non-biofilm producer of S. aureus ATCC
25923 exhibited red colonies. The slight pink color indicated the ab-
sence of dry crystalline morphology; while black color colonies pro-
duced a darkening, which represents the variation of dry crystalline
morphology [30].

2.11. Antibacterial activity

The antibacterial activity of the Ag NPs was determined by agar well
diffusion method against the growth of MR-CoNS with the third-gen-
eration cephalosporin ceftazidime as the reference drug, and the zones
of inhibition around the various concentrations were measured.
Inhibition zones =8 mm were considered indicative of inhibitory ac-
tivity [31].
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2.12. Antibiofilm activity

The Ag NPs were evaluated against biofilm positive MR-CoNS using
24-well microtiter plates [32]. Briefly, the 1% of 24 h cultures were
inoculated in 24-well microtitre plates containing TSB incorporated
with 5-60 ug/ml of Ag NPs at 37 °C for 24 h. After incubation, the
biofilm was stained with 0.4% crystal violet solution (w/v) for 5min
after washing with distilled water and air dried. Finally, 1 ml of ethanol
was added, and the OD value was determined at 600 nm by ELIZA
reader. The absence of Ag NPs containing wells acted as control TSB
alone served as a blank. The experiments were performed in triplicates.
The percentage of inhibition (PI) was calculated using the following
formula:

PI = [(Control OD 600 nm — Test OD 600 nm)/Control OD 600 nm] X 100

where OD stands for optical density at 600 nm.

2.13. Confocal laser scanning electron microscope (CLSM)

The colloidal damage of the sticky cells was assessed by CLSM [33].
The 24 h lag phase culture of biofilm positive MR-CoNS was inoculated
in sterile TSB and the cells were treated with 55 pg/ml of Ag NPs. The
plates were incubated at 37°C for 24 h. After incubation, the cen-
trifuged cells were washed three times with phosphate buffer solution
(PBS). 1 mg/ml concentration of acridine orange (AO) was used for
detection of live and dead cells variation in dark condition. The treated
and untreated cells were analyzed by CLSM using a 488 nm argon laser
and a 500-640 nm band pass emission filter.
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Fig. 1. (a) UV-visible spectrum in the wavelength range of 200-800 nm, (b) FTIR spectrum in the wavenumber range of 4500-400 cm ™! and (c) powder XRD pattern

in the 26 diffraction angle range of 10°-80°, for Ag NPs.
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Fig. 2. AFM images obtained in (a) height mode, (b) in orthogonal projection from height mode. TEM micrographs obtained at (c) low and (d) high magnification. (e)

Graph showing the roughness of Ag NPs.

2.14. Scanning electron microscopy (SEM)

The ability of Ag NPs to alter the surface morphology of biofilm
positive MR-CoNS was visualized by SEM [34]. The centrifuged cells
were treated with BIC 55 pg/ml of Ag NPs in 10 mM PBS (pH 7.4),
incubated for 24 h at 37 °C. After incubation, the cells were fixed with
an equal volume of 4% glutaraldehyde. The fixed cells were vacuum
filtered onto a 0.1 mm polycarbonate membrane filters and dehydrated
through a graded series of ethanol (10, 20, 30, 40, 50, 60, 70, 80, 90
and 100%). The filters were then dried and mounted onto aluminum
specimen supports and coated with a 15nm thickness of gold—
palladium metal (60:40 alloy). The samples were examined using a
Cambridge Stereo scan 200 SEM using an accelerating voltage of 20 kV.

3. Results and discussion
3.1. Characterization of Ag NPs

The UV-visible spectrum of Ag NPs synthesized using Nocardiopsis
sp. GRG1 (KT235640) biomass is shown in Fig. la. The UV-visible
spectrum displays a strong surface plasmon resonance band at a wa-
velength of ~423nm due to the inter-band shift and plasmon move-
ment of the NPs and sharp peak, which are known to be related to the
size and shape of Ag NPs [35]. The surface plasmon resonance band
typically shifts towards higher wavelength positions upon changes in
NPs size [36]. This detection is in agreement with the qualitative
analysis of Ag NPs.

FTIR analysis was carried out to further confirm the synthesis of Ag
NPs in the presence of biomass of Nocardiopsis sp. GRG1 (KT235640). A
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Fig. 3. (a) Isolation of uropathogens, including 20 hemolytic (GPB) and 45 lactose-fermenting colonies (GNB), (b) screening of CoNS strain among UTI infections,
isolation of GPB and GNB in biplate method, (c) screening of GPB in MSA agar, (d) screening of GNB in chrome agar plate, (e), morphological observation of
Staphylococci sp. and identification of coagulase negative result in (f) phase contrast microscope and (g) plasma tube.

typical FTIR spectrum analysis for Ag NPs is reported in Fig. 1b,
highlighting four important absorption peaks located at wavenumber
positions of ~3397, 1661, 1387 and 489 cm ~ !, respectively. The broad
peak located at a wavenumber position of ~3441 cm ™" corresponds to
N—H stretching motions of amides. The peak at located at a wave-
number position of ~1643cm ™! is also attributed to the vibrational
motions related to N—H binding of amines and the small peak located at
a wavenumber position of ~617 cm ™! is related to the vibrational
motions of C-Cl moieties in alkyl halides. The peak located at a wave-
number position of ~1643cm™! suggests that amide and amine
bonding may participate in the stabilization of Ag NPs (see Fig. 1b),
which may play an essential role in the capping mechanism of Ag NPs
[37].

The examination of the crystalline structure of Ag NPs was carried
out by powder XRD. The XRD pattern of Ag NPs is shown in Fig. 1c. The
20 values of ~38.0°, 44.4°, 64.3° and 77.4° correspond to the (111),
(200), (220) and (31 1) reflection planes, respectively. This indicates
that the Ag NPs possess a spherical shape and are crystalline in nature

(JCPDS file no: 89-3722). Some additional small peaks located at 26
positions of ~32.2° and 46.2° indicate the presence of bioorganic
compounds/proteins occurring at the surface of the Ag NPs during
synthesis [38]. These bioorganic compounds reflecting peaks were
weaker than that corresponding to the crystalline structure present in
Ag NPs. The powder XRD pattern corresponding to Ag NPs display the
reflection planes typical for a face-centered cubic form of metallic
silver. No other peaks were observed, which suggests the high purity of
the synthesized Ag NPs [39,40].

AFM was used to observe the Ag NPs surface morphology and size.
The corresponding images are reported in Fig. 2a,b. The two-dimen-
sional image of the Ag NPs demonstrated that the NPs possess a sphe-
rical morphology (Fig. 2a). The size of the Ag NPs was measured using
the size measurement tool of the AFM software and their diameter size
was found to be between 30 and 50 nm. The three-dimensional image
allowed revealing the roughness factor of Ag NPs and providing in-
formation on the morphology homogeneity of the NPs (Fig. 2b). Ag NPs
were also examined using TEM analysis, which further confirmed that
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Fig. 4. Multidrug resistant effect of CoNS strain by UTI panel (a) HX 066 (a), (b) HX 077 discs method, control strain of S. aureus ATCC 25923 tested by (c) HX 066,
(d) HX 077 and (e) detection of methicillin resistant CoNS strain against various third generation cephalosporin along with methicillin.

Ag NPs possess a size ranging from 20 to 50nm. Also, the images
suggested that the NPs were relatively well-dispersed and spherical in
morphology, as shown in Fig. 2¢,d. Additionally, the particle size dis-
tribution further revealed that most of Ag NPs possess a 35 nm diameter
size, demonstrating that actinomycetes strain allows obtaining smaller
Ag NPs with potentially high surface area. The roughness of Ag NPs was
quantified by AFM. Values of maximum roughness peak height (R,) of
2.32nm, average maximum roughness (Rpy,) peak height of 1.90 nm,
maximum roughness valley depth (R,) 1.99 nm and average maximum
roughness valley depth (R,;) of 1.72nm were obtained for these Ag
NPs (Fig. 2e).

3.2. Isolation of uropathogens
Among the 100 samples, 65 strains were isolated in biplate

(Fig. 3b), including 20 hemolytic and 45 lactose-fermenting colonies
(Fig. 3a). Based on their observation, the isolated colonies were

inoculated with their respective media plates including BA and MSA for
GPB (Fig. 3c) and chrome agar (CA) for GNB (Fig. 3d). Out of 20 strains
of GPB, 10 numbers of alpha hemolytic Staphylococcus sp. were
screened from MSA plates and the morphology of S. aureus (Fig. 3e) and
alpha hemolysis (Fig. 3f) was observed by phase contrast microscopy
(Fig. 3f). The catalase positive (Fig. 3g) and coagulase negative results
were confirmed, and the isolates were CoNS, which differed from other
GPB, including Entrococcus sp. and Staphylococci sp. After 4 h interval of
coagulase negative, results revealed that 10 strains showed coagulase
negative and were named as CoNS.

3.3. Antimicrobial susceptibility pattern (ASP)

Among the 10 CoNS, 7 strains developed resistance against UTI
panel of HX 066 and HX 077 discs. The selected strains exhibited 4, 2,
2 mm zone against HX 077 and 13, 11, 6, 4 and 2 mm zone against CIP,
AMC, COT, and NX of HX 066 were observed, respectively. The control
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Table 2

CLSI Guideline value of antibiotic zone against multi drug resistant (MDR) S. aureus.

Sample No Antibiotics CLSI guidelines of inhibition zone for MDRs of S. aureus Test pathogens (MDR)
S (mm) I (mm) R (mm)
1 Ceftazidime (CAZ-30 pg) 21 18-20 17 S. aureus
2 Cefotaxime (CTX-30 ug) 26 23-25 22 S. aureus
3 Ciprofloxacin (Cip-5 pg) 21 16-20 15 S. aureus
4 Co-Trimoxazole (Cot-25 ng) 16 11-15 10 S. aureus
5 Gentamycin (GEN-10 pg) 15 13-14 12 S. aureus
6 Imipenom (IMP-10 ug) 23 20-22 19 S. aureus
7 Ceftazidime/clavulanic acid 24 22-24 22 S. aureus
8 Ceftazidime/clavulanic acid 29 24-26 22 S. aureus
9 Cefoperazone/sulbactum (CFS-75/10 ug) 20 17-19 21 S. aureus
10 Piperacill/tazobactam (PIT-100/10 pg) 22 13-16 13 S. aureus
12 Ampicillin (AMP-30 pg) 23 18-21 13 S. aureus
14 Ampicillin (AMP-10 pg) 22 22-23 16 S. aureus
15 Aztreonam (AT-10 pg) 18 14-17 13 S. aureus
16 Norfloxacin (NF-10 ug) 18 14-17 13 S. aureus
19 Methicillin S. aureus
17 Netillin (NET-10 pg) 17 13-16 12 S. aureus
18 Amoxyclav (AMC-30 ug) 16 12-14 10 S. aureus

strains of S. aureus ATCC 25923 were found to be more sensitivity,
including 24, 26, 22, 30, 16 and 14mm and 30, 16, 28, 14, 12 and
22 mm against PIT, CSF, CAZ, IMP, AT and NET and CIP, AMC, COT,
AMP, NX and GEN were observed (Fig. 4a-b), respectively. Based on
the resistance against selected Hexa disc antibiotics of MR-CoNS, the
results were compared with S. aureus ATCC 25923 and the comparison
is presented in Fig. 4c,d. The zone variation of MR-CoNS was compared
with S. aureus ATCC 25923 and the results are presented in Fig. 5a,b.
This zone of inhibition did not reach the same inhibition level against
selected CoNS as reported in the CLSI guidelines [41]. Our previous
report evidenced that the partial zone producing ciprofloxacin and

norfloxacin was sensitive to MDR pathogens and CoNS were the most
recurrent urinary isolates [42]. Hence, the results suggest that the se-
lected isolates developed resistance against all current antibiotics and
confirmed why these are considered as MDR strains. The zone variation
of S. aureus was compared with CLSI guidelines zone and the obtained
results are presented in Tables 2 and 3.

3.4. Detection of methicillin-resistant CoNS strain

After 24h incubation, the amoxicillin/clavulanic acid exhibited
11 mm zone of inhibition and ceftazidime/clavulanic acid, cefotaxime/
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Table 3

The zone interpretation of HX 066 and HX 077 UTI panel discs against multi
drug and methicillin resistant S. aureus. CoNS stands for coagulase-negative
staphylococci. S, I and R stand for Sensitive, Intermediate and Resistant, re-
spectively.

Antibiotics (HX066) Zone of inhibition (mm)

CoNS S. aureus ATCC 25,923
Imipenom (IPM) No zone 30
Azlreonam (AT) No zone 16
Cefoperazone/sulbactum (CFS) 2 26
Piperacill/tazobactam (PIT) 4 24
Ceftazidime (CAZ) 4 22
Netillin (NET) No zone 14
Amoxyclav (AMC) 11 16
Ampicillin (AMP) 14 14
Ciproflaxacin (Cip) 13 30
Co-Trimoxazole (Cot) 6 28
Gentamicin (Gen) 22 22
Norfloxacin (NX) 12 18
Cefotaxime (CTX) 18 No zone
Cefotaxime (CTX) 16 -
Ceftazidime/clavulanic acid (CAC) 27 -
Cefotaxime/clavulanicacid (CEC) 14 -
Methicillin (MET) 0 No zone
Table 4

Confirmation of biofilm formation in S. aureus by UV-visible spectroscopy. OD
stands for optical density.

Name of the isolates Control OD value Biofilm production
MR-CoNS =0.240 0.664 Strong
S. aureus ATCC 25923 <0.240 0.114 Weak

5 pg/mL
Il MR-CoN Staphylococci

e 100 pg/mL

' 50 pg/mL

Zone of inhibition (mm)
5

PC C 5 50 100
Ag NPs Con. (ug/mL)

Fig. 6. Antibacterial activity of Ag NPs against (a) MR-CoNS plate and (b)
graphical representation of antibacterial activity.

clavulanic acid and amoxicillin showed zones of inhibition of 6, 9,
7 mm respectively, whereas no zone of inhibition against methicillin
was observed. However, the results revealed that the selected CoNS
strains have methicillin resistance and revealed that MR-CoNS strains
are comparatively more resistant to all antibiotics (Fig. 4e). Among the
50 isolates, 30 were resistant against methicillin as reported before
from urinary isolates of CoNS [43]. Staphylococcus is the most frequent
and dangerous uropathogens, which developed resistance against at
least one drug due to improper prescription [44]. The present finding is
in agreement with previous studies, which shows MR-CoNS as the most
common in UTL

3.5. Identification of biofilm formation

An OD value of 0.664 was obtained for MR-CoNS whereas the
control S. aureus ATCC 25923 exhibited an OD value of 0.114 (Fig. 5c¢).
The results, however, confirmed that the MR-CoNS pathogen is a

Bioorganic Chemistry 89 (2019) 103008

100 -

I MR-CoN Staphylococci

[~
=]
1

(=)
S
1

Bio-film inhibition (%)

0 10 20 30 40 50 60
Ag NPs (pg/ml)
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to the standard deviation obtained the averages.

biofilm producer (Table 4). Furthermore, the black color colonies of
CRA plate indicated that the exopolysaccharides was synthesized by the
selected strain (Fig. 5e). However, the selected strain was confirmed as
a biofilm producer. The pink color colonies of the control strain (S.
aureus ATCC 25923) confirmed their inability of biofilm production
(Fig. 5d). Recently, Neupane et al. [30] documented that the ESBL
producing GNB E. coli could produce biofilm formation in CRA plates
and leads to recurrent infections in UTIs. The MDR strains of P. mirabilis
and E. coli are biofilm producers due to exopolysaccharide synthesis as
reported by Rajivgandhi et al. [6] using CRA method.

3.6. Antibacterial activity of Ag NPs

The evaluation of Ag NPs against MR-CoNS resulted in inhibition
zones of 18 mm at 50 pg/ml and 15.5 mm at 100 pg/ml. As a result, no
vast difference in the inhibition results were observed between con-
centrations of 50 and 100 pg/ml. Therefore, the highest inhibition
concentration of 50 pg/ml was chosen for further invitro antibacterial
activity study (Fig. 6a,b). The positive control of ceftazidime exhibited
no zone of inhibition. Hence, this result clearly indicates that the syn-
thesized Ag NPs effectively inhibit the bacteria and possess the stron-
gest bactericidal activity. Our result agrees with an earlier finding by
Manukumar et al. [45], which reported that biologically mediated Ag
NPs was effective against food borne pathogens. Gupta et al. [46] also
reported that the synthesized Ag NPs using actinomycete exhibited
better inhibition against MDR pathogens. Hence, our result demon-
strated that the Ag NPs synthesized in the presence of Nocardiopsis sp.
GRG1 (KT235640) biomass is very effective against MR-CoNS, even at
relatively low concentration (55 pg/ml).

3.7. Inhibition of biofilm formation

The synthesized Ag NPs were observed at their effective con-
centration (55 pg/ml), which resulted in 91% of inhibition against MR-
CoNS using 24-well polystyrene plate (Fig. 7). The result revealed that
the biofilm inhibition concentration (BIC) of Ag NP was fixed as 55 pg/
ml. It proved that Ag NPs are more potent against biofilm colonization
and cell adherences. In the future, Ag NPs could potentially be used for
the treatment of infections caused by a highly antibiotic resistant bio-
film [47] since it was documented that Ag NPs modulate the quorum
quenching activity against S. aureus biofilm by 24 well plate. Pre-
viously, the actinomycete mediated metal NPs inhibited the biofilm
formation of MDR pathogens at 100 pg/ml as reported by Mu et al.
[48]. Hence, the Ag NPs synthesized in the present study perform better
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Table 5
Previous report of concentration dependent nanoparticles against biofilm forming bacteria. MIC stands for minimum inhibitory concentration.

Sample Test Organisms Antibacterial activity (ug/mL) MIC (pg/mL) References
Ag NPs Mycrobaterium tuberculosis 250 250 [49]
Ag NPs Pseudomonas aerugino 100 100 [50]
Ag NPs Pseudomonas aeruginosa 200 200 [51]
Ag NPs Streptococcus mutans 100 ppm 100 ppm [52]
Ag NPs Enterobacteriaceae 200-250 250 [53]
Ag NPs Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus 65 65 [54]
Ag NPs Staphylococcu aureus and Pseudomonas aeruginosa 50 and 100 50 and 100 [55]
Ag NPs Escherichia coli, 75 75 [56]

Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis and Acinetobacter baumannii
Ag NPs Acinetobacter baumannii 150 150 [57]

Klebsiella aerogenes 150 150

Escherichia coli 150 150

Klebsiella pneumoniae 150 150

Pseudomonas 150 150

aeruginosa 150 150

Pantoea agglomerans 150 150

Proteus mirabilis 150 150

Staphylococcus aureus 150 150

Streptococcus pyogenes and 150 150

Salmonella typhi
Ag NPs Methicillin-resistant Staphylococcus aureus 55 55 Present study

& |

Fig. 8. Identification of live/dead cells of untreated MR-CoNS strain (a) 2D, (b)
3D and (c) Ag NPs treated MR-CoNS strain 2D, (d) 3D by CLSM. Morphological
alteration of (e) untreated image of MR-CoNS strain and (f) Ag NPs treated MR-
CoNS strain observed by SEM.

when compared with previous study (Table 5). Even a relatively low
concentration of 55 ug/ml, Ag NPs were found to be very efficient for
preventing biofilm formation.

3.8. Confocal laser scanning electron microscope (CLSM)

The biofilm architecture and live/dead cells of MR-CoNS biofilm in
presence and absence of Ag NPs was analyzed by CLSM (Fig. 8a—-d). At
the BIC of 55 pg/ml, the synthesized Ag NPs are vigorously linked to
biofilm producing bacterial receptor and exhibited relatively high in-
tensity green color (AO). In addition, the treated surface topology was
observed with collapsed colonies and detachment of the cell receptors
due to the interaction of cells upon the NPs treatment (Fig. 8c,d). On the
other hand, a clear morphology with sticky nature of the cells was
observed in the control image as shown in Fig. 8a,b. In the 2D and 3D
data sets are termed in pixels and voxels, respectively. For instance, the
x-y images in the z-stack are composed of pixels, whereas the same
point in the 3D volume data set is a voxel. The concentration of AO
easily absorbed the treated and untreated biofilm forming cells [58].
Previously, an inconsistent biofilm formation of GN uropathogens was
observed at 100 ug/ml of actinomycete mediated Ag NPs. It was found
to be very efficient at preventing multiplication of biofilm [42]. Hence,
our result comparatively proved that the actinomycete mediated Ag
NPs are very effective against biofilm bacteria even at a relatively low
Ag NPs concentration of 55 pg/ml.

3.9. Scanning electron microscopy (SEM)

The Ag NPs were found to significantly modify the structural var-
iation upon increasing concentration in GPB and GNB, resulting in the
destabilization of membrane integrity as established before [59,60].
After dehydration, the flat constitution of cocci shaped morphology was
confirmed in untreated control cells (Fig. 8e). On the other hand, the
damaged morphology of treated cells with BIC of Ag NPs retaliated
surface was clearly exhibited as shown in Fig. 8f. From the results, the
cell integrity of bacterial membrane was found to strongly collapse and
thereby prone to cellular leakage and subsequently cell death. The ar-
rangement of wrinkle morphology and reduction in membrane integrity
of Ag NPs treated MR-CoNS was found to occur at 50 pg/ml BIC as
shown by SEM analysis. It revealed that a relatively low concentration
of Ag NPs was very effective to trigger biofilm inhibition activity,
possibly due to the modified surface morphology of GPB induced by Ag
NPs.
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4. Conclusion

In the present study, Ag NPs were evaluated as potential antibiofilm
candidate. These were successfully synthesized using an eco-friendly
biological agent, a biomass of Nocardiopsis sp. These Ag NPs were
characterized using several systematic analyses, which confirmed that
NPs were consistent in size, with an average particles size of 35 nm. The
Ag NPs showed 91% of inhibition against biofilm forming MR-CoNS at a
concentration as low as 55 pug/ml BIC. Interestingly, Ag NPs decreased
the cell viability and increased the intracellular leakage in treated MR-
CoNS S. aureus when compared with untreated control, accordingly
providing a probable mechanism for the improved biological properties
of Ag NPs. This was supported by CLSM and SEM microscopic ob-
servation. Hence, all the morphological assays evidenced that these
synthesized Ag NPs are effective antibacterial drug for MR-CoNS.
Hence, our result brings to convey a quality for future drug develop-
ment and health care settings. Additionally, these findings recommend
the use of Ag NPs for the handling of different communicable diseases
caused by uropathogens.
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