
Abstract

Myconanotechnology has gained a great attention now a days
due to increased Bio-medical application , eco- friendly nature, cost –
efficient without side effects. The present study was focused on
mycosynthesis of Zinc Oxide nanoparticle using the mycelium of
Macrocybe crassa with zinc nitrate as precursor. The synthesized
nanoparticle was further characterized by UV-VIS spectroscopy, FTIR
spectroscopy and SEM anlaysis  which proved the presence of spherical
shaped nano structure. The Anti-bacterial activity of synthesized
nanoparticle was studied using four bacteria, a high zone of inhibition
was obtained in  Pseudomonas florescens followed by B. subtilis, S.
aureus, E. coli. The Anti-tumor effect of ZnO nano particle was also
analysed against DLA cell line using tryphan blue exclusion method.
The synthesized ZnO nanoparticle could be a excellent supplement when
used along with anti-cancer drug in the medicinal field after proper in
vivo analysis.
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Nano particles can be synthesized by
Physical, Chemical and Biological methods.
The synthesis of nano particles using biological
method is inexpensive,eco friendly and easier13.
The biosynthesis of nanoparticle using microbial
extract / plant extracts mainly contains various
reducing agents which reduces the metal

compounds to elemental metal nanoparticles
(or) metal oxides nanoparticles3. There are
various NPs that can be prepared as their
oxides, including Tio2, tin (IV) oxide, zinc oxide,
silicon dioxide (Sio2)15. The zinc nanoparticles
have gained focus on research due to their
excellent thermal, chemical stability4 conductivity,
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catalytic properties, photonics, optoelectronics,
anti bacterial and anti fungal properties1. The
green synthesis is safe stratergy for the
production of ZnO np because of the least
amount of chemicals used, natural moieties
such as plants and micro organisms is used in
this method9.  Several researchers have
successfully reported the eco friendly nature
of green synthesized  nanoparticle from edible
mushrooms extracts8 and truffles7, few studies
which includes P. florida, V.volvaceae, P.
sajor caju, L. edodes2,10,14,18 have positively
synthesized zinc oxide nanoparticle.However,
there is no report on mycosynthesized ZnONPs
from the mycelium of Macrocybe crassa.
Thus, the present analysis was chiefly
concentrated on the extraction, characte-
rization and its applications (anti bacterial
activity, cytotoxic effect).

Macrocybe crassa is a wild edible
mushroom native to India, Thailand, Sri lanka
etc., with long stipe and broad gap and the
fruitbody weighing upto 200-400g has high
medicinal property Macrocybe crassa which
has been recently explored for its nutritional,
medicinal prospect and identification of
bioactive component. This wild mushroom
grows mainly in tropical region and commonly
known as milky mushroom due to its brilliant
white colour along with sweet flavour. It also
possesses satisfactory nutritional value which
is much promising for commercialization5,16.

Collection of sample and Biomass extraction:

Fresh fruit body of Macrocybe crassa
was obtained from the Mycology laboratory
of S.D.N.B. Vaishnav college, Chennai,Tamil
Nadu, India. Basidiomycetes were produced

on Potato Dextrose Agar medium at 25-30oC
by tissue culture method after 5-8 days from
the active culture (6 mm in diameter)
transferred to PDB medium (Potato dextrose
broth) to obtain the fungal bio-mass and regular
sub culturing was done to maintain the active
sporulation (Figure 1A). All the chemicals
needed for the study are purchased from
Sigma-Aldrich.

Intracellular Nano particle synthesis :

The initial step in biological synthesis
was prepared by taking approximately the 10g
of the washed and dried fungal biomass in a
250 ml Erlenmeyer flask  along  with 100 ml
of sterile double distilled water for 48 hours at
22oC  after incubation17, the extract is filtered
through whatman no. 1 filter paper to get the
cell free culture filtrate (Figure 1B). To this
20 ml of filtrate added  80 ml of  Zinc nitrate
5mM (Zn (NO3)2,.5H2O) at room temperature
in a shaker for 24 h and the mixture turned
pale white indicating the presence of nanoparticle
(Figure 1C). Through centrifugation the pellets
were separated  (8,000 rpm for 10 min) rinsed
with double distilled water two times  and
dessicated by lyophilization process then, the
dry powder (extracted nanoparticle)was stored
in polypropylene tubes (Figure 1D)in dark
condition at room temperature  for future
analysis.

Characterzation :

ZnO NPs were characterized by
ELICO SLIS9 UV VISIBLE spectroscopy
with spectral range between 200-800 nm and
FTIR (Fourier transform infrared spectroscopy)
to find the functional groups with IR range
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between 4000 and 400 cm-1 using SHIMADZU-
IR Spectrophotometer further, the morphology
of the nanoparticle is determined using
Scanning Electron Microscope (SEM, Hitachi
–S3400, Singapore) with an acceleration
voltage of 25.0 kV and 15.0 kV.

Bio-applications :
Anti-bacterial assay :

The pure culture of both gram positive
and gram negative bacterias S. aureus, B.
subtilus, E. coli and P. fluorescens where
obtained from Plant Biology and Plant
Biotechnology department of S.D.N.B.
Vaishnav College, Chennai, Tamil Nadu.
Extracted ZnO NPs where assessed against
the above bacteria at different dose to check
the higher growth inhibition by bacterial disk
diffusion method.Streptomycin as positive
control and Distilled water as negative control
were placed.

In vitro Short-term Cytotoxicity
analysis 12-Tryphan blue exclusion method.

Dalton’s lymphomatic ascites  (DLA)
cell lines were maintained as ascites tumors
in Swiss albino mice. The cells were extracted
and washed three times in  phosphate  buffer
saline  (PBS). The 1 million cell/ml cell slurry
was prepared. The addition of a live suspension
to the synthesized  zinc  oxide  nanoparticle  at
different concentrations (200, 100, 50, 20  and
10 µg) and finally made the  volume upto1 ml
with PBS and incubated for 3 h at 37°C. Each
concentration received 0.1 ml of tryphan blue
dye (1%), non-viable cells gets stained is being
counted by haemocytometer while the viable
cells remains as such. The percentage of

cytotoxicity is calculated by the following
formula,
Cytotoxicity % = [No.of dead cells / No.of
live cells + No. of dead cell] x 100

Nanoparticle from the mycelial extract
was pale in colour (Figure 1) the nanoparticle
thus  concentrated through oven drying which
is used for characterization.

UV-VIS Spectroscopy : ZnO NPs
thus obtained from the M.crassa mycelium
extract shows a strong peak between the spectral
ranges from 200-800nm was investigated at
365nm, proves the presence of nano particle.
This report founds to be in agreement with
the earlier findings6. (Figure 2).

FTIR- Depicts the different functional
group responsible for ZnO NP synthesis
showed peaks at 3428.7, 2843.6, 1685.4,
1166.9, 603.7, 498.6, 471.9 cm-1 were relating
with O-H stretching of alcohol and phenols,
C=C stretch due to aromatic ring, C-OS stretch,
Zn-OH stretch, ZnO vibration respectively
(Figure 3), this findings is in agreement with
earlier investigations6,11. (Figure 3).

SEM : The Morphology of the nano
particle shows spherical shape and well-
distributed without agglomeration6 with size
30.2 nm in SEM analysis (Figure 4).

Anti-bacterial assay : showed good
inhibition zone for both the gram positive and
gram negative bacterias S. aureus, B. subtilus,
E. coli and P. fluorescens with highest zone
21.3 ± 0.5 mm, 22.3 ±0.3 mm, 20.3 ± 0.7mm
and 24.6 ±1.7 mm at 50 µl dose and a least
zone of 8.0.±0.5mm, 5.0 ± 1.5mm, 5.0 ±0.5
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and 7.0 ±1.7 at 10 µl respectively (Figure 5,
Table-1).

Short term cytotoxicity study: As the
earlier investigations5 about the high content
of anti oxidant presence in Macrocybe crassa
could be a reason to develop the anti cancer
property in the mushroom, thus invitro short
term cytotoxicity study using DLA cell line
which shows excellent anti proliferative
property at 200 µg/ml concentration the cell
inhibition percent was high (46.6 ± 1.5%)
whereas, at 10 µg/ml concentration the least
percent was (4.5 ± 0 % ) recorded, this findings
relates with earlier investigation12.  (Figure 6,
Table-2).

 A)Mycelium on                            B)Mycelial
  PDB medium                                   extract

C) Mycelial extract+           D) ZnO NPs
    Zinc nitrate

Figure 1: Synthesis of ZnO nano particles.

Figure 2: UV-Vis spectrum showing peak

Figure 3: FTIR-spectrum

Figure 4: SEM image
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           A.  Staphylococcus aureus                                     B. Bacillus subtilis

   C. Escherichia coli                                      D. Pseudomonas fluorescens

Figure 5: Antibacterial assay. 1. Positive control  2. Negative control  3. 10 µL 4. 20 µL 5. 50 µL

Figure 6: in vitro short term cytotoxicity study



Table -2: in vitro Short-term cytotoxicity
activity-DLA cell line

Drug concentration Cytotoxicity %
µg/ML ZnO NPs
10 4.4 ± 0
20 4.5 ± 0
50 6.42 ± 0
100 34 .7±  1.2
200 46.6 ± 1.5

Data in mean ± SE

The present study is concluded by the
successful extraction of Zinc oxide nanoparticle
from the mycelium of wild edible macro fungus
Macrocybe crassa confirms  the presence
of nano particle showing peak at 365 nm and
FTIR proves the zinc oxide stretch at 471.9cm-1

and the SEM analysis proved the morphology
as smooth edged spherical shaped nanoparticles
of size 30.2 nm without agglomerations.The
anti bacterial assay showed excellent zone of
inhibition at higher drug concentration (50 µl)

for both gram positive and  gram negative
bacterias S. aureus, B. subtilis, E. coli and P.
fluorescens. The mycosynthesized Zinc oxide
NPs showed good anti cancer efficiency in
dose dependant manner at 200 µg/ml concentration
higher the cytotoxic effect (46.6 ± 1.5% ),
while the least percent was seen in 10µg/ml
concentration.Thus,Our study proves the green
synthesized Zinc oxide NPs can be a suggestion
in the  future therapeutical field for combating
cancer with further in vivo analysis.

References :

1. Beegam, A., P. Prasad, J. Jose, M. Oliveira,
F. G. Costa, A. Soares, ... and M. Pereira,
(2016). Environmental fate of zinc oxide
nanoparticles: risks and benefits. Toxicology-
New Aspects to This Scientific Conundrum.
https://doi.org/10.5772/65266.

2. Daizy Philip. (2009). Biosynthesis of Au,
Ag and Au–Ag nanoparticles using edible
mushroom extract. https://doi.org/10.1016/
j.saa.02.037.

Table-1. Antibacterial assay of mycelium extract of Macrocybe crassa
Positive Negative Drug dose

Bacteria Type control control
10 µL 25 µL 50 µL20 µL

A Staphylococ- Gram
30.3 ± 0.3 - 8.0± 0.5 18.3 ± 0.5 21.3 ± 0.5cusaureus positive

B Bacillus Gram
25.6 ± 0.5 - 5.0± 1.5 17.0± 1.5 22.3± 0.3subtilis positive

C Escherichia Gram
24.6 ± 1.7 - 5.0± 0.5 15.0± 1.5 20.3± 0.7coli negative

D Pseudomonas Gram
30.3 ± 1.7 - 7.0 ± 1.7 20.0 ± 1.3 24.6 ± 1.7fluorescens negative

Data (mean ± SE) represents the zone of inhibition (mm) positive control -streptomycin,
negative control-Distilled water

(500)



3. Dorcheh, S.K. and K. Vahabi, Biosynthesis
of nanoparticles by fungi: large-scale
production. Fungal Metabolites, pp. 1–20.
Springer, Berlin (2016).

4. Fakhari, S., M. Jamzad, and F. H. Kabiri,
(2019). Green Chemistry Letters and
Reviews, 12(1): 19-24. https://doi.org/10.
1080/17518253.2018.1547925

5. Krishnendu, Acharya, Somanjana Khatua,
Salman Sahid (2015) Research J. Pharma
and Tech. 8(7): July ISSN:0974-360X.

6. Kumar Manimaran, Govindasamy
Balasubramani, Chinnasamy Ragavendran,
Devarajan Natarajan and Subban Murugesan
(2021). Journal of Cluster  Science  32:
1635-1647 https://doi.org/10.1007/s10876-
020-01927-z

7. Mustafa N. Owaid, Rasim F. Muslim, and
Hatem A. Hamad (2018) Jordan Journal
of Biological Sciences. 11(4): 401 – 405
September ISSN 1995-6673.

8. Mustafa Nadhim Owaid, Tahseen Ali
Zaidan, Rasim Farraj Muslim, Mohammed
Abdulrahman Hammood. (2019) Acta
Pharm. Sci., 57(1):  DOI: 10.23893/1307-
2080.APS.05702.

9. Naveed Ul Haq, A., Nadhman, A., Ullah,
I., Mustafa, G., Yasinzai, M., and I. Khan,
(2017). Journal  of  Nanomaterials.
https://doi.org/10.1155/2017/8510342

10. Ravishankar Bhat, VG Sharanabasava,

Raghunandan Deshpande, Ullas Shetti,
Ganesh Sanjeev, and A Venkataraman.
(2013) J. Photochem Photobiol B. Aug
5: 125:63-9.doi: 10.1016/j.jphotobiol. 2013.
05.002.

11. Senthil Kumar. N., Nandhakumar. E,
Priya P., Soni C., and  N. Vimalan Vetha
(2017). New J. Chem.; 41: 10347-10356.
doi:10.1039/CTNJ02664 A.

12. Shahina. N.K. and K. Madhusundharam
(2018). Indian J. Sci. Res. 18(2): 115-118,
ISSN:2250-0138.

13. Shukla, G., R. Dixit, A. Kumar, R. Singh,
A. Rani, and P. Kumar (2017).  Appl.
Nanotechnol. Introd. https://doi. org/
10.1007/978-3-030-02381-2_5

14. Sujatha. S., and G. Kanimozhi, (2015) Int.
J. Pharm. Sci. Rev. Res., 33(2): 189-191.
July – August; Article No. 40.

15. Talebian, N. and M.R. Nilforoushan (2010).
Thin Solid Films 518(8): 2210–2215.

16. Tantiyaporn, M. and A. Ritthiboon (2005).
International Journal of Medicinal
Mushrooms 7(3): 475.

17. Verónica, Fabiana Consolo, Andrés Torres
Nicolini & Vera Alejandra Alvarez. (2020)
10:20499 http://doi.org/10.38/s41598-020-
77294-6.

18. Yen San  Chan and Mashitah Mat Don
(2012). https://doi.org/10.1016/j.msec.08.041

(501)


