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ABSTRACT

Recently, there has been anincrease in research interest in metal nanoparticles and their synthesis because
of their various applications in different industrial areas. The current study deals with the Actinomycetes-
mediated synthesis of copper nanoparticles (CuNPs) isolated from mangrove soil and to further access its
application in different fields. Eight different soil samples were collected from three different mangrove
sites located in Mumbai. A total of 15 different Actinomycetes isolates were obtained from soil samples
and studied in the present investigation and were screened for metal tolerance. It was found that out of
15 isolates, only 3 were able to tolerate the highest metal salt concentration i.e. 10"M. The synthesized
CuNPs were further investigated with various characterizations such as UV-Vis spectroscopy, FTIR, and XRD.
The identification of isolate GRC1 was done as per Bergey’s Manual of Systematic Bacteriology Volume
5 for preliminary identification of Actinomycetes and was identified as Streptomyces sp. This isolate was
further characterized by Vitek MS and it was identified as Streptomyces verticillus. The inhibition zone
by biosynthesized CuNPs was significantly greater when compared with standard antibiotics and CuSO4.
The calculated degradation efficiency after Shrs of incubation was 59.67% and 96.26% for Red M8B and
Reactive green, respectively. Prevention of biofilm formation by CuNPs was confirmed by microscopic
technique and significant inhibition of biofilm was observed. Thus, the mangrove Actinomycetes mediated
bio-fabrication of CuNPs should gain much attention because of their unique properties like antimicrobial,
anticancer, catalytic activity, wound healing, and antifouling.
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INTRODUCTION

Nanomaterials ~ prepared  from  earth-
abundant and inexpensive metals have attracted
considerable attention because of their potential
as viable alternatives to the rare and expensive
noble metal catalysts used in many conventional
commercial chemical processes [1]. These metal
NPs often exhibit activity different from that
of the corresponding bulk materials because of
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their different sizes and shapes, which give rise
to distinctive quantum properties. Since copper
resembles the properties of gold and silver
according to the periodic table, it can be used as
an alternative cheap nanoparticle to the expensive
gold and silver nanoparticles [2,3]. Copper has
several distinct properties in synthesizing as it
can easily be oxidized at room temperature. Also
copper is a more promising material due to its
abundance in nature and low cost. In comparison,
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with noble metals such as Silver, Platinum, and
Gold, Copper is a cheap material however it is also
accountable for oxidation generally in nanoscale
dimensions. Copper nanoparticles have various
properties like catalytic, anti-microbial, antifungal,
and anti-cancerous.

However, the main concern is the synthesis
methods, which result in stable nanoparticles.
Green synthesis has been an extremely focused
area in the field of nanotechnology and has been
employed for enzymatic and non-enzymatic
production of copper nanoparticles. In the
past, scientist and researchers tried their best to
discover new methods for the synthesis of metal
nanoparticles. One of the breakthroughs was the
discovery of the “Biosynthesis” approach. The
biosynthesis of copper nanoparticles using plant
extracts and microbial agents such as bacteria,
fungi, etc. has received tremendous attention in the
area of nanotechnology for the past few years [4].

The biosynthesis of nanoparticles has been
reported by using unicellular and multicellular
organisms like Actinomycetes, bacteria, fungi, marine
algae, plants, viruses, and yeasts exist as successful
candidates. Actinomycetes are an efficient candidate
for the synthesis of metal nanoparticles as they
exhibit good stability and polydispersity [5]. The
studies on the biosynthesis of nanoparticles from
Actinomycetes are limited and should be scrutinized
more. The mangrove ecosystem comprises different
kinds of extreme environmental conditions and
can be explored for the discovery of new bioactive
metabolites [6]. Thus, the aim of the current study
deals with the synthesis of copper nanoparticles
from Actinomycetes isolated from mangrove soil and
to further access its application in different fields.

MATERIALS AND METHODS
Collection of soil sample

Eight different soil samples were collected
from three different mangrove sites located in
Mumbai. The soil samples were collected from the
following sites a) Gorai beach located in Borivali
(19.250057°N, 72.782021°E), b) Godrej Mangroves
located in Vikhroli (19.324282°N, 72.5775348°E),
c) Diva Mangroves located in Diva (19°8'47°N
72°59’30”E). Soil samples were collected from a
depth of 10 - 15 cm aseptically, labeled, and brought
to the laboratory in sterile plastic containers. The
soil samples were then air-dried for a week and
kept at 45°C for lhr to minimize the bacterial
contaminants [7].
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Isolation of Actinomycetes

After drying soil samples for a week it was
passed through a 2mm sieve and then 1g of the
soil sample was taken and transferred to a 150mL
Erlenmeyer’s flask containing 99mL sterile saline.
The sample suspension was serially diluted up to
10° dilution and about 0.1mL was then spread
onto AIA (Actinomycetes Isolation Agar) (Sodium
caseinate - 2.0g/L, L- Asparagine - 0.1g/L, Sodium
propionate - 4.0g/L, Dipotassium phosphate-
0.5g/L, Magnesium sulfate - 0.1g/L, Ferrous sulfate
- 0.001g/L, Agar - 15g/ L adjusted to a final pH of
8.1 £ 0.2), SCA (Starch Casein Agar) ( Starch -
10g/L, Casein powder 1g/L, Seawater 37g/L, Agar
- 15g/L adjusted to a final pH of 7.2 £ 0.2), and
SNA (Starch Nitrate Agar) (Starch - 20g/L, KNO,
- 2g/L, K HPO, - 1g/L, MgSO,.7H,0O - 0.5g/L, and
Agar - 20g/L adjusted to a final pH of 7.0 + 0.2)
plates [8].

The AIA and SCA plates were then incubated at
27° C for 7 - 14 days. At the end of the incubation,
plates were observed for Actinomycetes growth and
the strains of Actinomycetes were picked out and
purified by repeated streaking on AIA and SCA.
The isolated colonies were further sub-cultured
and pure colonies were transferred on Glycerol
asparagine agar it was labeled and incubated at
room temperature for 7-14 days. After incubation,
the slants were maintained at 4° C until further use

[9].

Maintenance of cultures

Stock cultures were maintained by periodic
transfer on Glycerol asparagine agar (GAA)
medium supplemented with antifungal griseofulvin
(50pg/mL), at 2-week intervals [10].

Screening of Actinomycetes for metal tolerance

The heavy metal tolerance limit of all isolated
Actinomycetes was tested in a minimal medium
with various concentrations of metal viz. 10° M,
107 M, 10° M, 10° M, and 10" M. AgNO,, MnSO,,
CuSO,, and ZnSO,, metal salts were used for testing
the tolerance of isolated Actinomycetes [11]. 0.5ml
of inoculum was inoculated in 10 mL sterilized
Glycerol asparagine broth (GAB) containing metal
salts at various concentrations taken in a tube and
incubated at 35 [J for 5 days. The growth in the
tube was considered as a tolerance to the specific
metal [12]. It was compared with positive and
negative control. Positive control was prepared by
inoculating Actinomycetal inoculum in Glycerol
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asparagine broth and negative control was Glycerol
asparagine broth without inoculation. The metal
tolerance was noted as follows by observing growth
in the tube.

-No growth (sensitive), + Growth (resistant).
Metal-resistant Actinomycetes were selected for
further studies.

Bio-fabrication of copper nanoparticles

Actinomyceteisolates exhibiting metal resistance
were used for biosynthesis of copper nanoparticles
as follows: Actinomycetes strains were inoculated in
a 250 mL flask containing Tryptone Yeast Extract
Broth (Casein hydrolysate — 5g/L, Yeast extract
- 3g/L with a final pH of 7.2 + 0.2) (ISP Medium
No. 1). The flasks was kept in the rotary shaker
and incubated at 28° C for 7 days [13]. After the
incubation period, the cell-free supernatant (CFS)
was collected by centrifugation at 10,000 rpm and
the supernatant obtained was then used for the
synthesis of copper. About 25 mL of the cell-free
supernatant was mixed with an aqueous solution
of 10 mM copper sulfate [CuSO,. 5H,0] and then
heated at 100° C for 15 min, resulting in the color
change from blue to reddish-brown.

After the color change was observed the
suspension was subjected to centrifugation
at 10,000 rpm for 15 min, and the copper
nanoparticles (CuNPs) were then obtained. The
pellet was washed repeatedly with distilled water
and centrifuged again for 10 min, then followed
by ethanol wash to remove the water-soluble
molecules from the CuNPs suspension. The copper
oxide nanoparticles were then dried at 100° C and
stored in an airtight container until further analysis
of nanoparticles [14].

Identification of Actinomycetes
The following factors were considered for the
identification of Actinomycetal isolates:

Colony characteristics

To study colonial characteristics, the isolates
were inoculated on Bennets agar and the plates
will then be incubated for five days at ambient
temperature. The colony characters of well-isolated
colonies were studied.

Pigmentation
The pigmentation character of isolates was
studied on glycerol asparagine agar [15] in terms of
a. Shade: Colony pigmentation was observed

J. Water Environ. Nanotechnol., 7(4): 407-427 Autumn 2022
(@) |

for various shades such as blue, violet, red, rose
yellow, green-brown, and black.

b. Diffusible and Non-diftusible pigments.

c. Colony reverses: Yellow, brown (no distinctive
pigment), blue, green, red, orange, or violet color.

Microscopic characteristics

The samples were prepared by the method
given by Li et al, [16]. The coverslip culture
of Actinomycete isolates was prepared for
morphological characteristics such as aerial
mycelium, substrate mycelium, and sporulation.

A sterilized coverslip was carefully inserted
at an angle of 45° into a solidified medium in
a Petri dish so that half of the coverslip is in the
medium. An inoculum from a slope culture
was then spread along the line, where the upper
surface of the coverslip meets the agar with the
nichrome wire loop. Plates were then incubated at
room temperature for 5 days. Then coverslip was
carefully withdrawn from the medium and placed
in an upward position on a slide and observed
under a high-power microscope. The microscopic
observations like the presence and absence of
aerial mycelium, substrate mycelium, sclerotia
or sporangia, fragmentation of the substrate
mycelium, and sporulation of substrate mycelium
and spore chain morphology were studied using
the coverslip culture technique.

Biochemical characteristics
Biochemical studies were carried out for the
identification of Actinomycetes isolates as follows-

Utilization of carbon sugar

The inoculum was spot inoculated on the
carbon utilization medium with 1% (w/v) of a
specific carbon source [17]. The presence of growth
on the medium after incubation at 35 °C for 5 days
indicates a positive test.

H_S production test

The ability of the isolates to produce hydrogen
sulfide was tested by inoculating isolates into
peptone nitrate broth. The lead acetate strips were
inserted into the necks of culture tubes [18]. The
tubes were then incubated at 35°C for 7 days; the
blackish color of lead acetate paper is to be recorded
as a positive test.

Catalase test
A clean glass slide was taken and a drop of
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culture suspension was placed on it. A few drops of
hydrogen peroxide were then added to the culture.
The evolution of air bubbles from the suspension
indicated a positive reaction [19].

Study of enzyme activity

The isolates were inoculated on the suitable
nutrient medium by spot inoculation method in
order to check different enzymatic degradation
activities. The plates or tubes were incubated at 35°
C for 7 days. The details are given in the table below

The potent isolates were further characterized
by using VITEK MS System. Characterization
was performed according to the manufacturer’s
instructions (VITEK MS System, Biomerieux
Inc.). An unknown bio pattern was compared
to the database of reactions for each taxon, and a
numerical probability calculation was performed.
Various qualitative levels of identification were
assigned based on the numerical probability
calculation [20].

Test data from an unknown organism were
compared to the respective database to determine
a quantitative value for proximity to each of the
database taxa. Each of the composite values was
compared to the others to determine if the data
are sufficiently unique or close to one or more of
the other database taxa. If a unique identification
pattern is not recognized, a list of possible
organisms is given, or the strain is determined to
be outside the scope of the database [21].

Characterization of metal nanoparticles

The UV-Visible absorption spectra were
recorded in the wavelength range of 400 nm -
750nm employing UV-2400 series UV-Visible
spectroscopy in diffuse reflectance mode using
distilled water as a reference. Spectra were recorded
at room temperature [22].To identify the possible
functional groups involved in the synthesis of
nanoparticles FTIR analysis (Agilent Cary 630
FTIR Spectrometer) was performed the infrared
spectra were measured in the wavelength range of
4000 - 600 cm™.

Applications of copper nanoparticles
Antimicrobial activity

Bacterial sensitivity to antibiotics is commonly
tested using a disk diffusion test, employing
antibiotic-impregnated disks. A similar test with
nanoparticle-laden disks was used in this study [23].
Antagonistic activity of biosynthesized CuNPs was
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assessed against prokaryotic and eukaryotic test
organisms represented by Gram-positive bacteria
(Staphylococcus aureus ATCC.25923, Enterococcus
faecalis ATCC.29212), Gram-negative bacteria
(Salmonella typhi ATCC.23594 &Escherichia coli
ATCC.25922), Unicellular Fungi (Candida albicans
ATCC.10231) and Multicellular Fungi (Aspergillus
brasiliensis ATCC.16404) using agar disk diffusion
method (Kirby-Bauer Method). In this technique,
6.0 mm diameter discs were impregnated with
different concentrations of nanoparticles (0.1, 0.5,
1, 2mg/1) followed by sterilization [24].

Mueller Hinton agar plates were used
for prokaryotic and unicellular fungi while
multicellular fungi were inoculated on Czapek
Dox agar as per CLSI guidelines. The plates were
incubated at 35 * 2 [] for 16-18hrs (bacteria
and unicellular fungi) and 28 + 2 [ for 72hrs
(multicellular fungi). Standard antimicrobial agents
ampicillin (for Gram-negative bacteria, 10 mcg/
disc), streptomycin (for Gram-positive bacteria, 10
mcg/disc), and amphotericin B (for unicellular and
multicellular fungi, 100 units/disc) were used as
controls. All assays were performed in triplicates.
The diameter of inhibition zones around the discs
was measured (mm) and the results were recorded
[25].

Photo-oxidative dye degradation:

10 mg of prepared Cu nanoparticle was added
to the 200 mL of different concentrations of Red
MS8B and Reactive green dye solution (100-600ug/
mL) to the suspension in a 250 mL beaker. The
initial concentration of dyes was determined by
taking a little amount of suspension in a semi-micro
test tube just after mixing. Then the subsequent
mixture was allowed to remain underneath the
sunlight for 6h [26]. After that, suspensions were
collected in test tubes for 6hrs and centrifuged at a
constant speed for 20 minutes to settle the degraded
matter. The absorbance of these centrifugates was
measured at A of Red M8B and Reactive green
dye using deionized water as a reference. The pH
of deionized water was kept the same as the pH of
the suspension. The degradation efficiency (%) was
determined by the following Equation.

Degradation Efficiency (%) = [Co -G JX 100
CO
Where, C, is the initial concentration and C,
is the final dye concentration with time t in the
aqueous phase, respectively [27].
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Fig. 1. Collection of soil samples from different locations of mangroves a) Gorai Beach, b) Godrej Mangroves, and c) and d) Vikhroli
Mangroves.

The concentration at which the highest
degradation of dye is observed was used for a time-
dependent degradation assay. The 200 mL of dye
solution of concentration at which the highest
degradation was observed was taken in a 250 mL
flask and 10mg of CuNPs was added to it. After that
at different time intervals (0-6hrs) samples were
collected and centrifuged at a constant speed for 20
minutes. . The concentration of remaining dye after
the photocatalytic experiment was determined by
measuring the absorbance of dye at A of Red
MS8B and Reactive green dye using deionized water
as a reference [26].

Antibiofilm Activity

Prevention of biofilm formation by CuNPs
was confirmed by microscopic technique. Briefly,
the glass slide was dipped in CuNPs solution and
dried in the oven after that this slide along with the
glass slide without CuNPs (Control) was placed in
a tank filled with seawater collected from Indira
dock located in Mumbai (18.9416° N, 72.8409° E)
for 48hrs at room temperature. After incubation,
the slides were subjected to Crystal violet staining
stained glass slides and were inspected by light
microscopy at magnifications 45X and 100X [28].

RESULTS AND DISCUSSION
Collection of soil sample
Eight different soil samples were collected from
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three different mangrove sites located in Mumbai
(Fig 1.). The soil samples collected at 5-15 cm
depth helped to get a maximum number of aerobic
Actinomycetes. The pH of the fresh soil samples was
ranging from 7.5 to 8.2. Air drying the soil samples
for a week and then treating them at 45°C for 1hr
helped to eliminate the vegetative bacteria and
fungi.

Isolation of Actinomycetes

This soil was then serially diluted and a spread
plate was performed on AIA, SNA, and SCA. The
plates were incubated for 5-7 days and the colonies
were distinguished based on colony characteristics
such as tough, leathery, mucoid colonies which
are partially submerged in the agar (Fig 2.). The
suspected Actinomycetes colonies were purified
using the respective media from which it was
isolated. A total of 15 different Actinomycetes
isolates were obtained from soil samples and
studied in the present investigation. Well-grown
isolates were maintained on Glycerol asparagine
agar (GAA) medium supplemented with antifungal
griseofulvin (50ug/mL).

Screening of Actinomycetes for metal tolerance

The Actinomycetes isolates were assessed for
the tolerance of metal at different concentrations
ie. 10° M, 107 M, 10° M, 10° M, and 10" M of
AgNO,, MnSO,, CuSO,, and ZnSO,. It was found
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Fig. 2. Primary isolation of actinomycetes from soil a) on AIA, b) on SCA

Table 1. Growth at different salt concentrations. (+ Resistant, - Sensitive)

Sr. Metal . Isolates
Salt Concentration
No. Salts GRC2 GRC4 GRN2 DBC4 GRN1 VKN3 VKN4 DBC3 GRC3
10°M + + + + + + + + +
10"M - - - + + + +
1. AgNO; 10°M - - - - - + + + +
10°M - - - - - - -
10'M - - - - - -
10°M + + + + + + + + +
107M - - - - + + + + +
2. CuSOs 10°M - . . + + + +
10°M - - - - - . _ -
10'M - - - - - - - -
10°M + + + + + + + + +
107M - - - - + + + +
3 MnSOx 10°M . B . B - + + + +
10°M - - - - - - -
10'M - - - - - -
10°M + + + + + + + + +
107M - - - + + + + +
4. ZnSOs 10°M . B - + . + +
10°M - - - - - - - -
10'M - - - - - - - -

that out of 15 isolates only 3 isolates were able to
tolerate the highest metal salt concentration i.e.
10"' M. All isolates were able to grow at 10”7 except
GRC2, GRC4, GRN2, and DBC4. These isolates
were able to tolerate a minimum of 10 metal salts
concentration. Isolate GRN1 was an exception as
thisisolate was unable to tolerate 107 concentrations
of AgNO, and MnSO, but was able to tolerate the
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same concentration of CuSO,, and ZnSO,. Isolates
VKN3, VKN4, DBC3, and GRC3 were able to
tolerate all metal salts till 10> M concentration but
were sensitive to higher concentrations i.e. 10° M
& 10" M (Table 1.).

Isolates DBC1 was able to tolerate 10°M
concentration of CuSO, and MnSO, but were able
to tolerate only 107 M concentration of AgNO, and
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Table 2. Growth at different salt concentrations. (+ Resistant, - Sensitive)

Salt
Concentration GRC1

Sr No. Metal salts

GRN3

Isolates
DBC1 DBC2 VKN1

1 AgNO; 10°M +

+ + + +

107 M
10° M
10° M
10'M
10° M
107 M
10° M
10° M
10'M
10° M
107 M
10° M
10° M
10'M
10° M
107 M
10° M
10° M
10'M

2 CuSO4

3 MnSO4

4 ZnSO4

+ o+ o+ F o+ o+ o+ F o+ o+ A+ o+ o+ A+ +

o+ o+ o+ o+ o+ o+

+ o+
+ o+ + + o+ o+ o+ o+

+ o+ o+ F o+ o+ o+ F o+ o+ A+ o+ o+ o+ o+
e T T T T S T e S e S T T

ZnSO,. Similarly isolate GRN3 was able to tolerate
10° M concentration of ZnSO, and MnSO, but was
unable to grow at concentrations 10° M, 10° M,
and 10" M of AgNO, and CuSO,. Although isolates
DBC2, GRC1, and VKN1 were able to tolerate even
10! M concentration of all metal salts making them
excellent candidates for nanoparticle biosynthesis
(Table 2.).

The Actinobacteria have an inherent metal
tolerance property due to their metal detoxification
mechanisms. They can alter heavy metal toxicity by
using various metal-independent mechanisms such
as reduction of cellular sensitivity, intracellular
metal sequestration, siderophore-metal
complexation, and exclusion through permeability
barriers. It is already known that few Streptomyces
sp. can tolerate heavy metals like Streptomyces
albulus PD-1 [29], Streptomyces lunalinharesii
[30], Streptomyces fradiae [31], and Streptomyces
zinciresistens [32] which were reported to be
tolerant to heavy metals like Zn (II), Cd (II), Cu
(ID), Cr (VI), Ni (II), and Pb (II).

Bio-fabrication of copper nanoparticles
Actinomycetes  isolates  exhibiting metal
resistance were inoculated in a 250 mL flask
containing Tryptone Yeast Extract Broth and
incubated, after incubation, the CFS was obtained.
When the CFS was added to 10mM CuSO4
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solution color change was observed from colorless
to dark brown color which indicates the synthesis
of CuNPs. Although the CFS of three isolates that
were metal tolerant (DBC2, GRC1, and VKNI)
were used for the fabrication of CuNPs only one
isolate i.e. GRC1 was able to synthesize CuNPs
which was evident by the change in color from blue
to brown (Fig 3.). The color change was due to the
size-dependent property of nanoparticles which
is a property of quantum confinement that affects
the optical property of the nanoparticles. This
reduced aqueous component was further used for
characterization purposes.

Many researchers have reported the biosynthesis
of copper nanoparticles by using CFS as well as
Actinomycetes biomass. Recently microorganisms-
mediated fabrication of CuNPs was achieved
by using Agaricus bisporus [33], Streptomyces
MHM38 [34], Lactobacillus caseisubsp. casei [35],
Pseudomonas fluorescens, Trichodermaatroviride,
and Streptomyces griseus [36]. Hassan et al. [37] in
his study synthesized CuNPs by using endophytic
Streptomyces capillispiralis Ca-1 in which the color
change from light blue to greenish brown color
was reported. In a study by Fouda et al., [38] he
used endophytic Actinomycetes isolated from the
medicinal plant Oxalis corniculata L. to synthesize
CuNPs. The isolates were identified as Streptomyces
zaomyceticus Oc-5and Streptomyces pseudogriseolus
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Fig. 3. Bio fabrication of CuNPs a) 10mM CuSO4, b) CFS, c) CuSO4 + CFS (before heat treatment), d) CuSO4 + CFS (after heat treat-
ment).

Acv-11 and the synthesis was visible by a change in
color from light blue to brown.

Identification of Actinomycetes

As isolate GRC1 was the only metal-tolerant
Actinomycete strain that was able to synthesize
CuNPs thus the identification of isolate GRC1
was done as per Bergey’s Manual of Systematic
Bacteriology Volume 5. Actinobacteria and
fundamentals mentioned by McCarthy and
Williams (1990) for preliminary identification
of Actinomycetes. The following properties of
Actinomycetes were used for the identification of
the isolate GRCI.

Colony characteristics

Isolate GRC1 exhibited white color mycelia and
had yellowish-brown pigmentation when observed
from the back of the plate (Fig. 4.).

Pigmentation

On glycerol asparagine agar, no discussible
pigmentation was observed, colony mycelia
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pigmentation was white in color and the reverse
side of the colony exhibited yellowish-brown
pigment.

Microscopic characteristics

The microscopic observations were studied
using the coverslip culture technique the isolate
GRCI exhibited spore chain morphology (Fig. 5.).
In the study by Rathore et al., [39] the morphology
characters of isolated Actinomycetes strains were
performed for identification. The microscopic
examination revealed long thread-like structures,
fragmentation of the mycelia, and violet-colored
cell morphology. Similarly, Tesche et al, [40]
reported heterogeneous mycelial morphology when
observed under a microscope. The microscopical
examination of Actinomycetes cell morphology
was also explored by Singh and Gohel, [41] for the
identification of Actinomycetes.

Biochemical Characteristics
The isolate GRC1 was able to utilize glucose,
fructose, maltose, and inositol which was evident

J. Water Environ. Nanotechnol., 7(4): 407-427 Autumn 2022
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Fig. 5. Spore chain morphology of GRC1 isolate under microscope

by the growth observed in the tubes. But isolate
GRCI exhibited no growth in sucrose, mannitol,
galactose, rhamnose, raffinose, arabinose, cellulose,
and xylose as there was no growth observed in
tubes containing these sugars (Table 3.). Isolate
GRC1 when inoculated in peptone nitrate broth
with a lead acetate strip and incubated exhibited no
change of color in the lead acetate strip indicating

J. Water Environ. Nanotechnol., 7(4): 407-427 Autumn 2022

that this isolate is unable to produce H.S. After the
addition of hydrogen peroxide on the slide with the
culture of GRC1 evolution of air bubbles was not
observed indicating the absence of catalase enzyme
in the GRCI isolate.

The isolate GRC1 was found to be positive for
gelatinase, caseinase, amylase, cellulose, urease,
and lipase but was negative for only lecithinase.
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Table 3. Utilization of different carbon source (+ Growth, - No growth)

Carbon Substrate

Growth

Sucrose
Glucose
Fructose
Maltose
Mannitol
Galactose
Rhamnose
Raffinose
Arabinose
Cellulose
Xylose
Inositol

+ + +

Table 4. Enzyme activity of GRCI (+ Positive activity, - Negative activity)

Tests

Enzyme Activity

Gelatinase
Caseinase
Amylase
Cellulase
Lacithinase
Urease
Lipase

+ 4+ 4+ o+

+

It was also able to hydrolyze starch all the details
are summarized in Table 4. In these past years,
many researchers in their early investigation have
reported that soil and mangrove water sediment
areas possess enzymatically active Actinomycetes. As
per the Bergey’s Manual of Systematic Bacteriology
Volume 5. (Actinobacteria) and fundamentals
mentioned by McCarthy and Williams (1990) the
isolate GRC1 was identified to be Streptomyces sp.
This isolate was further characterized by Vitek MS
and it was identified as Streptomyces verticillus.

Characterization of CuNPs:

UV-VISIBLE SPECTROSCOPY: UV-visible
absorption spectra of a methanol solution
containing a colloidal suspension of Cu NPs. Due
to the simultaneous vibration of the electrons of
metal nanoparticles in resonance with a light wave,
the surface plasmon resonance (SPR) absorption
band is visible at 576 nm. The wide size distribution
of copper nanoparticles is what causes the broad
absorption band that has been seen. The surface-
plasmon band is significantly influenced by the
solvents, reducing agents, and nanoparticle size
and shape used in the synthesis. (Fig. 6).

TRANSMISSION ELECTRON MICROSCOPY:
In (Fig.7), a study conducted using a high-
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resolution transmission electron microscope, the
behavior of CuNPs was observed. The particle size
of the CuNPs was localized and assigned as a nano
size. Cu-NPs are produced biologically as a result
of electrostatic interactions and molecular bonds
between the bio-organic capping molecules. The
TEM investigation showed that nanocrystalline
Cu-NPs was formed, with the majority of them
adopting spherical morphologies and aggregating
into tiny aggregates with average diameters of about
42 nm (S.D.) and sizes ranging from 13 to 35 nm.
FTIR: The molecules of the physiologically
active compounds found in the Cu NPs powder
were identified using FTIR spectra analysis. This
investigation (Fig.8), is used to recognize the
bio-molecules which account for the reduction,
capping, and stabilization of the fabricated Cu-NPs.
The FTIR spectrum peak at 3330.90 cm™' indicates
the O-H stretching of alcohols and phenols, the
peak at 297295 cm™ represents Methyl C-H
stretching (asymmetrical), the peak at 2882.59 cm™
represents Methyl C-H stretching (symmetrical),
peak at 1465.11 cm™ denotes the vibrations of
bending modes, peak at 2368.78 cm™ represents
N-H band of primary amines related components,
peak at 2281.85 cm™ indicates the C=C Medial
Alkyne groups, peak at 2124.805 cm™ indicates the
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Fig. 7. TEM

C=C Terminal Alkyne groups, peaks at 2091.79 and Thus, FTIR results conclude that the proteins and
1921.772 cm™ represents copper carbonyls, peak acids surrounding the Cu-NPs are inducing the
at 1734.07 cm™ denotes Alkyl Carbonate, peak at reduction of copper ions into nanoparticles.
1379.67 cm™ corresponds to the Nitrate ion, peak

at 1044.503 cm™ indicates the Carbonate ion, while Applications of copper nanoparticles

the last corresponding peak at 802.112 cm™ shows Antimicrobial Activity

the Aliphatic Chloro-compound C-CI stretching. The zone of inhibition in mm exhibited by
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Fig. 9A. & Fig. 9B. Antimicrobial sensitivity of Staphylococcus aureus

D/W was 0 for all the test organisms and the
zone of inhibition exhibited by CuSO, solution
against Staphylococcus aureus ATCC.25923 (Fig.
9A.), Streptococcus pyogenes ATCC.25663 (Fig.
10A.), Shigella sp. ATCC.23354 (Fig. 11A.),
Escherichia coli ATCC.25922 (Fig. 12A.), Candida
albicans ATCC.10231, and Aspergillus brasiliensis
ATCC.16404 were 7mm, Omm, 14mm, 18mm,
0mm, and Omm respectively.
Thezoneofinhibition observed by Amphotericin
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B for Aspergillus brasiliensis ATCC.16404 and
Candida albicans ATCC.10231 was 10mm and
19mm respectively. Similarly zone of inhibition
by Ampicillin for Shigella sp. ATCC.23354
and Escherichia coli ATCC.25922 were 10mm,
and 24mm respectively. The zone of inhibition
obtained by Streptomycin against Staphylococcus
aureus ATCC.25923 and Streptococcus pyogenes
ATCC.25663 was 25mm and 20mm respectively.
Finally the zone of inhibition obtained by
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Fig. 10A. & Fig. 10B. Antimicrobial sensitivity of Streptococcus pyogenes

T

Fig. 12A. & Fig. 12B. Antimicrobial sensitivity of Escherichia coli
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Table 5. Antimicrobial activity of CuNPs

Zone of inhibition (mm)

Sr No. Test Microorganisms
D/W CuSO4 CuNPs AmB Amp Stm
1. Staphylococcus aureus ATCC.25923 o 7 27 25
2. Streptococcus pyogenes ATCC.25663 0 0 30 - 20
3. Shigella sp. ATCC.23354 0 14 35 10 -
4. Escherichia coli ATCC.25922 0 18 35 - 24
5. Candida albicans ATCC.10231 0 0 24 19
6. Aspergillusbrasiliensis ATCC.16404 0 0 15 10
Table 6. Antimicrobial activity by different CuNPs concentrations
Sr No. Test Microorganisms Zone of inhibition (mm)
0.1mg/l 0.5mg/l Img/1 2mg/1
1. Staphylococcus aureus ATCC.25923 8 14 20 27
2. Streptococcus pyogenes ATCC.25663 12 19 24 30
3. Shigella sp. ATCC.23354 16 20 26 31
4. Escherichia coli ATCC.25922 10 16 22 35
5. Candida albicans ATCC.10231 7 11 15 24
6. Aspergillusbrasiliensis ATCC.16404 0 4 10 15

biosynthesized CuNPs for Staphylococcus aureus
ATCC.25923, Streptococcus pyogenes ATCC.25663,
Shigella  sp. ATCC.23354, Escherichia  coli
ATCC.25922, Candida albicans ATCC.10231, and
Aspergillus brasiliensis ATCC.16404 were found
to be 27mm, 30mm, 30mm, 35mm, 24mm, and
15mm respectively. The zone of inhibition was
significantly great by biosynthesized CuNPs when
compared with standard antibiotics and CuSO,
(Table 5.).

After exploring the antimicrobial activity
of synthesized CuNPs the efficiency of CuNPs
with different concentrations (0.1, 0.5, 1,
2 mg/L) was accessed. The zone diameter
observed by 2 mg/L CuNPs concentration
discs for Staphylococcus aureus ATCC.25923
(Fig. 9B.), Streptococcus pyogenes ATCC.25663
(Fig.10B.), Shigella sp. ATCC.23354 (Fig. 11B.),
Escherichia coli ATCC.25922 (Fig.12B.), Candida
albicansATCC.10231, and Aspergillus brasiliensis
ATCC.16404 were 27mm, 30mm, 31mm, 35mm,
24mm, and 15mm respectively, and for 1 mg/L
was 20mm, 24mm, 26mm, 22mm, 15mm, and
10mm respectively. Similarly the concentration of
0.5 mg/L for Staphylococcus aureus ATCC.25923,
Streptococcus  pyogenes ATCC.25663, Shigella
sp. ATCC.23354, Escherichia coli ATCC.25922,
Candida albicans ATCC.10231, and Aspergillus
brasiliensis ATCC.16404 were 14mm, 19mm,
20mm, 16mm, 11mm, and 4mm respectively, and
by 0.5 mg/L was 8mm, 12mm, 16mm, 10mm,
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7mm, and Omm respectively (Table 6.). Metallic
copper nanoparticles (NPCu) and nanoparticles
of copper oxides (NPCuO) have been reported
as active agents against different pathogens of
infections associated with health care. Hassan et
al., [42] reported promising antifungal activities
at different concentrations (5, 10, 15, and 20 mM)
of CuNPs. The maximum inhibition of 57.14,
63.81, 42.61, and 58.05% against Alternaria spp.,
Aspergillusniger, Fusarium spp., and Pythiumspp
were recorded at a concentration of 20 mM by
Kumar et al., respectively [43]. the investigation
of the Hybrid cellulose nanocomposite films
(HCNFs) with Copper nanoparticles and reported
that the hybrid nanocomposites exhibited better
antibacterial properties against E. coli, P. aeruginosa
(Gram Negative), and S. aureus, B. licheniformis
(Gram Positive). In a recent study by Benassai et al.,
[44] he synthesized copper nanoparticles (Cu-NPs)
using aqueous extracts of Vacciniummyrtillus L.
and Vacciniumuliginosum L. subsp. gaultherioides.
He reported that the antimicrobial activity of Cu-
NPs, especially those derived from bilberry waste
residues, appeared to be higher for both Gram-
negative (E. coli ATCC29213) and Gram-positive
bacteria (S. aureus ATCC35218), and fungi (S.
cerevisiae, C. Albicans), compared to the ones of its
single components (cupric salts and berry extracts).

Photo-oxidative dye degradation
In this study, Photo-oxidative degradation
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of Red M8B and Reactive green dyes were
investigated under direct sunlight at room
temperature with continuous stirring at constant
pH. The degradation of Red M8B and Reactive
green dyes were measured at an absorbance at 450
and 630 nm as maximum absorption was observed
at these wavelengths, respectively (Fig. 13A.).
Different concentrations of Red M8B and Reactive
green dye solution (100-600ug/mL) was treated
with CuNPs (Fig.14.) the calculated degradation
efficiency of Red M8B and Reactive green at 100pg/
mL were 61.84% and 87.46% respectively (Fig.

35

For Reactive green
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15.). This is a quite good degradation efficiency as
both Red M8B and Reactive green dye has a very
complex molecular structure and high molecular
weight of 1338.062 g/mol and 1418.93000 g/mol
respectively. A time-dependent degradation assay
was carried out using 100ug/mL concentration
of Red M8B and Reactive green (Fig. 16.). After
5hrs of incubation, almost complete degradation
of Red M8B and Reactive green was observed.
The calculated degradation efficiency after 5hrs
of incubation was 59.67% and 96.26% for Red
M8B and Reactive green respectively (Fig. 17.).
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Fig. 13. Absorption Maxima of Red M8B and Reactive Green Dye
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Fig. 15. Dye degradation at different concentration a) Red M8B before treatment with CuNPs, b) Red M8B after treatment with CuNPs,
¢) Reactive Green before treatment with CuNPs,d) Reactive Green after treatment with CuNPs.

Fig. 16. Dye degradation at different Time Intervals a) Red M8B, b) Reactive Green
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Fig. 17. Percent degradation of Red M8B and Reactive Green Dye at different Time Intervals

Sharma and Dutta [45] reported that the hydroxy
radicals were dominant reactive oxygen species
that contributed to degradation when using
CuONPs. These authors performed the scavenger
experiment in which Isopropyl alcohol was used
as a scavenger for hydroxy radicals. Thus, their
study provided a suitable justification for active
species-based photocatalytic degradation of
dyes when using CuONPs. In this work, control
experiments (both in the presence and absence
of CuNPs) were carried out in the dark to nullify
any possibility of dye self-degradation, dye
adsorption, and catalytic activity of NPs in dark.
After completion of the experiment, negligible
degradation for dye in the absence of CuNPs
was observed. Likewise, under dark conditions,
CuNPs exhibited only an insignificant effect on
the degradation of dye. Thus, it was concluded
that the dyes were not significantly adsorbed/
degraded in dark conditions. In addition, dye
degradation experiments under direct sunlight
in the absence of CuNPs showed negligible dye
degradation. In contrast, under direct sunlight
with a catalyst both Red M8B and Reactive
green were almost completely degraded. These
experiments demonstrated that dye degradation
was driven by a photocatalytic process.
Inastudyby Raheem etal., [46] photocatalytic
degradation of Reactive green was reported. He
observed that as the concentration of reactant
increased the degradation efficiency increased
until the concentration reached 0.12gm/mL after
that it was constant. Salar et al., [47] also reported
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maximum degradation of 62.27% for Red
M8B dye. Similarly, Thakare [48] has reported
degradation of Red M8B and Reactive green with
an efficiency of 30% and 50% respectively. This
indicates that the complex structure and high
molecular weight of the dye play a crucial role in
degradation also very little work has been done
on these two dyes.

Antibiofilm Activity

Prevention of biofilm formation by CuNPs was
confirmed by microscopic technique and significant
inhibition of biofilm was observed (Fig. 18.). This
property of biofilm inhibition by biosynthesized
CuNPs can be used to inhibit marine biofouling. As
marine biofilms easily colonize man-made surfaces,
accelerating corrosion, and biofouling [49], and
may even influence the buoyance of polyethylene
plastic [50].

Summary and Conclusion

Bionanotechnology is a better forthcoming
opportunity for nanomaterial science. Metal
NPs often exhibit activity different from that
of the corresponding bulk materials because of
their different sizes and shapes, which give rise
to distinctive quantum properties. Since copper
resembles the properties of gold and silver
according to the periodic table it can be used as
an alternative cheap nanoparticle to the expensive
gold and silver nanoparticles.

In the present study green, eco-friendly,
simple, and inexpensive techniques were used for
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Fig. 18. Biofilm Slide without CuNPs and with CUNPs

the biosynthesis of copper nanoparticles using
mangrove Actinomycetes isolated from Mumbai,
Maharashtra. ~ Eight different soil samples
were collected from three different mangrove
sites located in Mumbai. A total of 15 different
Actinomycetes isolates were obtained from soil
samples and studied in the present investigation
and were screened for metal tolerance. The
Actinomycetes isolates were assessed for the
tolerance of metal at different concentrations
ie. 10° M, 107 M, 10° M, 10° M, and 10" M of
AgNO,, MnSO,, CuSO,, and ZnSO,. It was found
that out of 15 isolates, only 3 isolates were able to
tolerate the highest metal salt concentration i.e.
10'M.

The present study was focused to examine the
potential of metal-tolerant Actinomycetes for the
synthesis of CuNPs and it was found that only
one of the three metal-tolerant isolates was able to
synthesize CuNPs when its CFS was treated with
CuSO4. The color change from light blue to brown
color indicates the synthesis of CuNPs which was
further investigated with various characterizations
such as UV-Vis spectroscopy, FTIR, and XRD.
As isolate GRC1 was the only metal-tolerant
Actinomycetes strain that was able to synthesize
CuNPs thus the identification of isolate GRC1
was done as per Bergey’s Manual of Systematic
Bacteriology Volume 5. Actinobacteria and
fundamentals were mentioned by McCarthy and

424

Williams (1990) for preliminary identification of
Actinomycetes and were identified as Streptomyces
sp. This isolate was further characterized by Vitek
MS and it was identified as Streptomyces verticillus.
The zone of inhibition obtained by
biosynthesized CuNPs for Staphylococcus aureus
ATCC.25923, Streptococcus pyogenes ATCC.25663,
Shigella sp. ATCC.23354, Escherichia coli
ATCC.25922, Candida albicans ATCC.10231, and
Aspergillus brasiliensis ATCC.16404 were found
to be 27mm, 30mm, 30mm, 35mm, 24mm, and
15mm respectively. The zone of inhibition was
significantly great by biosynthesized CuNPs when
compared with standard antibiotics and CuSO4.
From the result, it can be concluded that
the effectiveness of bio-fabricated CuNPs was
as high as a strong antimicrobial agent which
can be used in the food industry, cosmetics, and
medicine also the biogenic CuNPs were found
to inhibit the growth and multiplication of the
tested bacteria at a very low total concentration
of CuNPs. Biofabricated CuNPs showed very high
photocatalytic activity and were found to be used
in the degradation of dyes like Reactive green, and
Red M8B under the influence of sunlight. The high
photocatalytic activity of CuNPs against molecules
of dye was due to the use of natural, and eco-
friendly Actinomycetes CES extract which reacts
as a reducing agent for the synthesis of CuNPs
and can be used in wastewater treatment plants.
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Moreover, the recycling of biogenic CuNPs could
be performed and used efliciently, thereby making
the process cost-effective. Thus the mangrove
Actinomycetes mediated bio fabrication of CuNPs
should gain much attention because of their unique
properties like antimicrobial, anticancer, catalytic
activity, wound healing, and magnetic and optical
properties.
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