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Abstract: Graphene is a captivated requirement in multiplicity in almost all the fields especially,
solar, sensor, battery and biomedical applications due to its superior physcio-chemical and
biological properties. Natural sources such as plants, micro and macromolecules and micro
organisms are used as reducing agents in graphene nanoparticles synthesis to avoid the hazardous
of conventional methods. This study focused isolation of actinobacteria from mushroom
associated rhizosphere soil and its role in graphene oxide reduction and bioactive compound
production from isolated actinobacteria and analyze its potential. The morphological,
microscopical, field emission-scanning electron microscopical view and biochemical
identification of isolated actinobaterial strain MAA-1 was observed as Gram-positive, grey color
aerial mycelium, non-motile in nature with spiral spore chain morphology and belong
to Streptomyces sp. A compound drived from agar surface fermentation of MAA-1 was subjected
on methicillin- resistant Staphylococcus aureus and vancomycin resistant Enterococci and found
diminutive activity. The intracellular content of Streptomyces sp. changes the brown colour
graphene oxide to black colour graphene under specified condition which confirmed the reduction
of oxide. and leads to formation of graphene. A disc diffusion method confirms the superior antifungal activity of microbial reduced graphene oxide among the prepared nanoparticles. This is the
first report for environmental friendly reduction of graphene oxide using mushroom associated
actinobacteria and bioactive compound production to control infections in immune depressive
patients. The results suggested that the further optimization, purification, characterization and in
*Author for Correspondence. E-mail: kkavitha07@gmail.com, rbalaguru@yahoo.com

www. ijamicro.com

2

KAVITHA .K e t al

vitro analysis of bioactive compound and nano-graphene will be useful for assortment of
biomedical and environmental applications.
Keywords: Actinomycetes; Agaricus bisporus, Bioactive Compound, Graphene, Natural
products; Streptomycetes.

Introduction
Microorganism has ability to produce secondary metabolites, which have found application in
combating a variety of human infections [1]. Among the microorganisms, marine bacteria
particularly actinomycetes produce unique and novel secondary metabolites and it is useful for
different biological activities, such as antifungal, antibacterial, antitumor, anticancer, anti-parasitic
and immunosuppressive activities [1,2]. Soil dwelling, actionbacteria are more potent source of
novel enzymes and secondary metabolites, including many antibiotics and bioactive compounds
than the other microorganism. Nearly 80% of naturally occurring antibiotics have been isolated
from different actinomycetes especially from Streptomycetes. Streptomycetes yielded many
therapeutic agents such as streptomycin, erythromycin, tetracycline, amphotericin,
chloramphenicol, daptomycin fosfomycin, lincomycin, neomycin, puromycin, anticancer drugs
exemplified by adriamycin and the immunosuppressant tacrolimus [1,3]. There are more bioactive
compounds such as avermectin (Streptomyces avermitilis), bleomycin (Streptomyces verticillus)
and daunomycin (Streptomyces peuceticus) as antitumor compounds, Tacrolimus, is an binding
protein formerly known as FK506 or fujimycin (Streptomyces tsukubaensis) as an
immunosuppressant, and validamycin (Stereptomyces hygroscopicus var. limoneus) as a treatment
of rice sheath blight disease [2,4]. .
Methicillin- resistant Staphylococcus aureus (MRSA) is a pathogen responsible for a wide range
of infections such as boils, pneumonia, osteomyelitis, endocarditis, bacteremia, etc. and has
developed resistance to the majority of conventional antibiotics [5]. Similarly, Enterococcus
infections are caused mostly by vancomycin resistant Enterococcus faecalis and E.coli (VRE).
Clinical pathogens such as Staphylococcus aureus, Pseudomonas, and Enterobacteriaceae,
Candida albicans, C. glabrata and Cryptococcus neoformans plays vital role in many
degenerative diseases [6-9]. Similarly, Candida species such as C. albicans, C. glabrata and
Cryptococcus neoformans cause arthritis, infections in immune suppressed individuals and
infections with bone rupture and cause degenerative diseases [6,8]. Pathogens often transform
their genomic alignment against existing antibiotics and loss their sensitivity and became a drug
resistant pathogens. The number of drug resistant pathogens are increasing day by day and
become serious public health problems [6,8]. In addition, recent years new therapeutic agents
have entered in the clinical area, unfortunately with some side effects [9,10].
Compare than the graphene oxide, reduced graphene oxide facilitates incredible properties such as
high surface area, bacterial inhibition, enhanced mechanical property, bioactive nature [12].
Especially, nano-graphene possess unique reinforcing behaviour with a large surface area plays a
key role in osteoinduction and osteoconduction which promotes cell adherence. Hence, graphene
is used for orthopaedic and bone regeneration application vitally. In addition, the cancer cell
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targeting and diagnosis through graphene attract us more towards the biomedical application [11,
12]. The most commonly used chemical reducing agents for graphene oxide are anhydrous
hydrazine, hydrazine monohydrate, sodium borohydride, and hydroquinone. These reducing
agents are highly toxic and harmful. Moreover, hydrazine-reduced graphene tends to agglomerate
irreversibly and converts into graphite. Metal/hydrochloric acid reduction is another alternative;
however, an impurity formed from the residual metal hinders further applications. Therefore,
search towards the environmental friendly, green production of graphene is increased. Especially,
microbial mediated syntheses are focused for owing to its simplicity, nill-toxicity, stability,
viability, and scalability [13-17].
Hence, researchers are focused on potential microbial secondary metabolites to overcome the side
effects of existing drugs and obstruction of drug resistant pathogens and microbial mediated nanographene oxide reduction for toxic free biomedical application. Actinomycetes are producers of
reducing enzymes, metabolites with antimicrobial, anti-parasite, antiviral, antitumor activity,
cytotoxic, etc; whose chemical structures are unique. Especially, Streptomycetes has a great
potential for new and improved generations of antibiotics for multi-drug resistant pathogens and
cancer treatments [7-10]. Agaricus bisporus is an edible basidiomycete mushroom have rich
nutritional value especially, antioxidants and hydrazine, which are the main key of reduction
activity. Mushroom contains hydrazine derivatives, including agaritine, gyromitrin poses no
toxicological risk to humans when mushrooms are consumed in typical amount. In addition,
mushrooms are well known for their antioxidant, antimicrobial, anti-inflammatory, anti-tumor and
anticancer activities [14]. Muthoosamy et al., 2015 reports the graphene oxide reduction using
mushroom and used for various technological application such as nano electronice, polymer
nanocomposities, drug delivery sytems, biosensing, solar cell transistor devices, etc. [14]. In the
present study, the production of bioactive compound and biological reduction of nano-graphene
oxide through mushroom associated rhizosphere actinobacteria will be focused. In addition, the
antibacterial activity of produced biocompound and nano-graphene tested against clinical
pathogens are reported.

2. Materials and Methods
2.1. Sample Collection and Isolation of Actinobacteria
The mushroom samples were collected from the surrounding areas of Dharmapuri district, Tamil
Nadu and were brought to the laboratory. Mushroom associated rhizosphere soil was serially
diluted from 10-2 to 10-6 with 1 g of mushroom associated rhizosphere soil. Then the Starch casein
plates were prepared (Soluble starch, Casein, KNO3, MgSO4.7H2O, K2HPO4, NaCl, CaCO3
,FeSO4.7H2O and agar, pH 7±0.2) and then 0.1 ml of sample from serial dilution was inoculated
in starch casein medium using the L-Rod (spread plate technique) and incubated at 28°C for 4 to 7
days. After the incubation period, morphologically different colonies were isolated and subcultured in International Streptomycetes Project -2 (ISP2) medium [8] and named as MAA-1 and
the subcultures were stored at 4°C.
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2.2. Morphological and Taxonomical Identification of Isolated Strain
Based on the results obtained, potential actinobacterial strain was selected for further
investigations. Isolated colony was taken from the agar plate and smeared on a clean glass slide
for microscopical view and Gram staining [14-16]. In addition to the aerial staining, motility,
mycelia formation and spore chain morphology, and taxonomic identification of the strain was
carried out based on Nonomura’s key and Bergey’s Manual [15,16].

2.3. Bioactive Compound Production from Actinomycetes Biomass
The ISP2 broth was prepared and sterilized at 121°C with 15 lbs for 20 minutes. After
sterilization, broth was cooled and the loop of isolated actinobacterial (MAA-1) culture was
inoculated. Then the broth was placed on the incubator at 28°C for 7 days. After incubation
period, biomass is observed in the broth. The broth was centrifuged at 4°C, 5000 rpm, for 20 mins
to separate the supernatant MAA-1S [17]. Potential actinobacteria strain was inoculated in Yeast
Extract-Malt Extract (YEME) agar medium (20 ml of medium/ plate) with 50% seawater and
incubated for 5-7 days at 28°C. After removing the mycelia aseptically from the agar surface, the
antibiotic containing agar medium was cut into small pieces and extracted using organic solventethyl acetate for overnight at room temperature. The solvent extract was concentrated under
reduced pressure, quantified and named as MAA-1BAC.

2.4. Biomass Production and Intracellular Reduction of Nano-graphene Oxide
The ISP2 broth was prepared and sterilized at 121°C for 15 lbs. After sterilization, broth was
cooled and loopful of isolated MAA-1 strain was inoculated in sterile ISP2 broth and incubated in
the shaker at 28°C for 7 days. After incubation period biomass are observed in the broth. The
broth was centrifuged at 4°C, 5000 rpm, for 20 mins to separate the pellet MAA-1P [17-19]
For the intracellular mediated actinobacterial nano-graphene oxide reduction, nano-graphene
oxide was prepared by modified Hummer’s method [12]. The phyisco-chemical characterisation
of graphene oxide was thoroughly analysied as given by Kavitha et al., 2013 and stored in
desiccators for further use. Instead of chemical reducing agent (hydrazine), intracellular content
of mushroom associated actionbacteria (Streptomyces sp.) was used in this study to reduce the
nano-graphene oxide to nano-graphene. For that, 100 mL of prepared MAA-1P along with 2.5mg
of nano-graphene oxide was added in sterile conical flask and incubated in shacking incubator at
200 rpm for 7 days at 25°C. After incubation period, the colour change will be observed. The
reduction of graphene was monitored by visual inspection of the flask for change in colour of the
culture medium [17-19].

2.5. Antimicrobial Activity
Common clinical pathogens such as gram-negative bacteria (vancomycin resistant Escherichia
coli and drug sensitive Klebsiella pneumoniae), gram-positive bacteria; methicillin resistant
Staphylococcus aureus and drug sensitive Bacillus subtilis) and drug sensitive Candida albicans
and Cryptococcus neoformans were collected from the Actinobacterial Research Laboratory
(Department of Microbiology, Periyar University, Salem, Tamil Nadu, India) were grown in LB
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broth. For the antibacterial activity study, the stock cultures of the above bacteria were
subcultured in a nutrient broth and stored for 6-10h at 37°C [7, 8]. The antibacterial activity of the
prepared bioactive compound (200µL from 50 mg ml1concentration of MAA-1C stock) was
examined by disc-diffusion method on Muller Hinton Agar (MHA) with freshly grown bacterial
smear (24 hrs at 37°C) [7].
Similarly, the extracellular synthesized nanographene was tested against most affecting fungal
pathogens such as Candida albicans and Cryptococcus neoformans. 200µL from 50 mg
ml1concentration of each nanosample was loaded on the disc and incubated on Sabouraud’s
dextrose agar (SDA) agar for 24-48 hrs at 37°C [12]. After 24-48 hrs of incubation, the inhibition
zone around the disc was measured and compared with the control. The antimicrobial assessment
for bioactive compound and nano-graphene was performed in triplicate, and the mean value with
standard deviations was reported in table 2 [7-9].

3. Results
3.1. Isolation and Identification of Actinobacteria from Mushroom Associated
Rhizosphere Soil
Mushroom associated rhizosphere soil actinobacteria were isolated from starch casein plates after
5 days of incubation (Fig. 1). The total numbers of population and CFU values were tabulated in
table 1. Isolated colonies were streaked on ISP2 plates and incubated at 28˚C for 7 days. After
incubation period, the organisms were grown well and shown similar morphological characters on
ISP2 medium confirms the single actinobacteria colony from the mushroom rhizosphere soil and
named as MAA-1.

Fig. 1 Isolation of actinobacteria from mushroom associated rhizosphere

Table 1 shows the total number of population such as number of bacterial and actinobacterial
colonies and colony forming unit (CFU/ml) which revealed the actinobacteria was grown
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Table: 1 Totall microbial poppulation of mush
hroom associateed rhizosphere

S. No

Serial
d
dilution

1.
2.
3.
4.
5.

10-2
10-3
10-4
10-5
10-6

Total number of
T
o
colonies
200
150
120
70
300

Number off microbial pop
pulation
Diffferent
CFU/m
ml
bactterial
coloonies
2.0X10
04
2
20
1.5X10
05
1
15
6
1.2X10
0
1
10
0.7X10
07
8
3.0X10
08
5

Different
acctinobacteria
0
0
1
1
1

Thhe microscoppic view (Figg. 2b) of the MAA-1show
wed well form
med mycelia growth, whiich
coonformed the isolated organnism is actinoobacteria. In th
he Gram staining result (Figg.2c), the purp
ple
coolour long mycelium
m
suppports that thee isolated miccroorganism MAA-1
M
is acctinobacteria. In
adddition to the above, the FE-SEM image (Fig. 2d) allso confirmedd the above state. In additio
on,
biiochemical annalysis such as oxidative and catalase test, and taxxonomical ideentifications are
a
coonfirmed the isolated
i
strain is Streptomycces sp. [15-17].
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Thhe obtained actinobacteriall (MAA-1) bioomasses in ISP2 broth weree centrifuged at 5000 rpm for
f
300 min to sepaarate the intraa and extracellular contentss. The obtaineed pellet from
m actinobacterrial
biiomass was name
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as MAA
A-1P and storeed at refrigeraator for furtheer analysis. T
The reduction of
grraphene oxidee was analyzedd using abovee microbial biomass under defined condiition. The visu
ual
innspection of thhe flask for chhange in colorr from a clearr light brown to
t black colouur was observ
ved
annd confirmed the reduction of graphene oxide
o
(Fig.3) [17-19].
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3.3. Antibacterial and Antagonistic Activity
Mushroom associated rhizosphere soil collected from Dharmapuri, India exhibited no antagonistic
activity against Gram negative VRE and K. pneumoniae and gram-positive MRSA and B. subtilis
strains. However, the bioactive compound isolated from MAA-1 shows 12 mm zone of inhibition
against MRSA and 10 mm zone of inhibition against VRE. In our results, Gram-positive bacteria
(S. aureus), shows higher reactivity with the bioactive compound than that of Gram-negative
bacteria (E. coli), which is due to the positive–negative interaction thereby controlled cellular
process [8,19] (Table 2). It was suggested that secondary metabolites produced by mushroom
associated actinobacteria have an ability to kill the multi drug resistant pathogens at a certain
level. Further optimization in extraction solvent, inoculated medium and on other clinical
pathogens may give better result. The anti-fungal activity shows microbial reduced graphene
oxide has higher activity than the chemically synthesised graphene oxide and reduced graphene
oxide. The activity against C. albicans and C. neoformans of microbial reduced graphene oxide
may be due to the environment friendly reduction without any chemical hazards [16-18]. Kavitha
et al., 2013 reported the cell wall play a key role in antimicobial activity ie., the component
existing in the cell wall kill the pathogens habitually [7, 20-22].
Table: 2 Antibacterial and antifungal activity of mushroom associated rhizosphere actinobacteria
S.NO

Organisms

1

E. coli (VRE)
S. aureus
(MRSA)
C. albicans
C. neoformans

2
3
4

Bioactive compound
from MAA-1C
10±1.5

Zone of inhibition (mm)
Chemically
GO
syntheised RGO
-

Intracellular syntheised
(MAA-1P) RGO
-

12±1

-

-

-

-

13±1.5
12±0.5

0
0

18±0.5
17±1

4. Conclusion
Actinobacteria isolation from mushroom associated rhizosphere soil was successfully achieved.
The isolated actinobacterium was predicted as rod shaped chain, Gram positive and non-motile
bacterium. The antibiotic susceptibility test for the bioactive compound (MAA-1C) tested against
VRE and MRSA shows diminutive activity. Optimization in medium may give better bioactive
compound. Moreover, it needs further optimization in different bacterial, fungal and anti-cancer
cells. Variation in concentration of samples as well as quality of dispersion may also give better
activity. The present study reported the capability of mushroom associated actionobacteria to
synthesis graphene intracellularly is the first time by using environmental friendly method. The
further processing such as purification of graphene from intracellular actinobacterial medium and
toxicity study may be a great remedy for cancer related orthopaedic replacements without toxic in
nature and side effects. The present study concludes that, the isolated Streptomyces sp. are the
next and best alternative source for the synthesis of environment friendly graphene nanoparticles,
and produce bioactive compound, which will be utilized for various post orthopaedic and
biomedical treatments.
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