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Abstract: This study reveals the antibacterial and catalytic activity of biogenic gold nanoparicles (AuNPs) synthesised by
biomass of Trichoderma harzianum. The antibacterial activity of AuNPs was analysed by the means of growth curve, well
diffusion and colony forming unit (CFU) count methods. The minimum inhibitory concentration of AuNPs was 20 µg/ml. AuNPs
at 60 µg/ml show effective antibacterial activity as optical absorption was insignificant. The well diffusion and CFU methods were
also applied to analyse the effect of various concentration of AuNPs. Further, the catalytic activity of AuNPs was analysed
against methylene blue (MB) as a model pollutant in water. MB was degraded 39% in 30 min in the presence of AuNPs and
sodium borohydrate and the rate constant (k) was found to be 0.2 × 10−3 s−1. This shows that the biogenic AuNP is an effective
candidate for antibacterial and catalytic degradation of toxic pollutants.

1Introduction
Gold nanoparticles (AuNPs) have gained attention of researchers
due to their applications in various fields such as optoelectronic,
electronic and magnetic devices, and catalysts, sensors and drug
delivery. These applications are mainly depending on shape, size,
crystallinity and structure [1]. The various shapes of gold
nanostructures have been reported like nanocubes [2], nanowires
[3], nanoplates [4], nanospheres [5], nanorods [6], nanopoles [7],
nanobelts [8] and unusual angled shapes [9]. One-dimensional (1D)
metallic nanostructures have long been of consideration to many
groups of researchers [10]. AuNPs have attracted the researchers
due to their unique and tunable surface plasmon resonance. AuNPs
have also gained importance in biomedical application than the
other metallic nanostructures because of their non-cytotoxicity and
biocompatibility [11]. AuNPs can be synthesised easily with high
chemical and thermal stability [12]. AuNPs were utilised as
detection tools in molecular imaging using fluorescence resonance
energy transfer due to their unique biocompatibility and well-
defined surface chemistry [13–15].

Metallic nanomaterials are massive and growing area because
of their potential application in various fields such as healthcare,
agriculture, environment and energy [16–19]. The chemical
method of nanomaterials synthesis is expensive and cause serious
environmental problems. Nowadays, researchers are using
biological methods for synthesis of nanomaterials using plants
extract [16, 20–22], fungal biomass [23–25] and bacterial biomass
[26, 27]. These synthesis methods offer advantages over existing
synthetic method due to its eco-friendliness and also eradicates the
toxicity-related concerns making these materials to be used for a
wide variety of biological applications [16].

Organic dyes are widely used in several industries such as in
textile, food, cosmetics, leather, paper and plastic industries. These
dyes are highly toxic to biological systems and cause serious
environmental effect. These dyes are not degrading in environment
as it is highly chemically and thermo-stable and resistant to
biodegradation. Heterocyclic aromatic azo dyes such as methylene
blue (MB) are used in paint production and textile industries.
Methylene blue is a monoamine oxidase inhibitor [28] and cause
severe serotonin toxicity upon intravenous infusion [29].

The conventional processes such as precipitation, flocculation,
flotation, adsorption, oxidation, reduction, electrochemical,

aerobic, anaerobic and biological treatment methods are not
adequate for completely degradation of dyes. These processes have
inbuilt limitations like less efficiency and production of secondary
sludge, and the removal of sludge is an expensive concern [30–32].
A number of processes have been applied for the wastewater
treatment such as coagulation, flocculation, adsorption, membrane
filtration, biological treatment, electrochemical, ion exchange and
chemical oxidation [33, 34]. Chemical coagulation is required huge
amount of chemical [35]. The flocculation process for wastewater
treatment is cost effective and utilises less energy [36]. Although
chemicals applied such as aluminium chloride and aluminium
sulphate in coagulation and flocculation have become controversial
due to the possibility to cause Alzheimer's disease [35, 36].
Adsorption method for wastewater treatment is simple and
effective but it generally produces huge amount of sludge,
especially in the wastewater with high dye concentrations [37]. The
activated carbon has been found a prominent material for effective
catalyst because of its high specific surface area, high adsorption
capacity, and low selectivity for non-ionic and ionic dyes. Whereas
these materials are costly, need of regeneration after use and loses
adsorption efficiency of regenerated activated carbon [37].
Nowadays, metal/metal oxide nanostrucures are extensively used
for catalytic/photocatalytic activity.

AuNPs were synthesised by biological method using biomass of
Trichoderma harzianum. The antibacterial activity of AuNPs was
evaluated by growth curve, well diffusion and colony forming unit
(CFU) methods against Escherichia coli. Catalytic activity of
AuNPs was also analysed against MB as a model pollutant.

2Materials and methods
2.1 Materials

The fungal strain of T. harzianum was obtained from Department
of Microbiology, College of Life Sciences, Gwalior, India. Luria
Bertani media were supplied by Hi-Media Laboratories, Bombay,
India. Potato dextrose agar, malt extract, yeast extract, peptone and
glucose were purchased from Hi-media, Mumbai, India.
Chloroauric acid, MB and sodium borohydrate (NaBH4) were
purchased from Qualigens Fine Chemicals, Mumbai, India.
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2.2 Biosynthesis of AuNPs

AuNPs were synthesised using biological method developed by
Tripathi et al. [23]. Briefly, T. harzianum was inoculated in 100 ml
MYPG medium (malt extract 0.3%, yeast extract 0.3%, peptone
0.3% and glucose 1%) for preparation of biomass. Culture was
incubated in the dark condition at 28 ± 1°C for 120h. Finally, the
biomass was extracted from the media and washed with deionised
water. The fungal biomass (5 g) was dispersed into deionised water
and adds 1 mM chloroauric acid. The mixture was then kept at 28 
± 1°C in dark condition with continuous shaking at 200 rpm for 72 
h. After 72 h of incubation, AuNPs were separated and purified
from mixture solution (Fig. 1). The size distribution profile of
biosynthesised AuNPs was analysed by dynamic light scattering
(DLS). Transmission electron microscopy (TEM) was used to
analyse the size and morphology of the synthesised AuNPs. The
carbon-coated copper grid was used to prepare thin film of sample
for analysis. 

2.3 Evaluation of antibacterial activity

E. coli MTCC 1302 strain selected for the study to analyse the
antibacterial nature of biosynthesised AuNPs. The reason behind
the selection of E. coli MTCC 1302 is easy to culture, quick
doubling time and easy in culture maintain. E. coli cannot sporulate
as it is Gram-negative bacteria. The antibacterial activity of AuNPs
was analysed by the means of growth curve, well diffusion and
CFU count method.

2.3.1 Growth curve: Bacterial growth dynamics can be studied by
plotting the cell growth (absorbance) versus the incubation time or
log of cell number versus time. The obtained curve is known as
growth curve. The broth media was supplemented with AuNPs
(20–60 µg/ml) and the fresh colonies were inoculated from agar
media and incubated at 37°C for 24 h with continuous shaking at
200 rpm. The growth of E. coli MTCC 1302 in broth media was

indexed by measuring the optical density (at λ = 600 nm) at regular
intervals using UV–vis spectrophotometer. The control culture was
treated with similar fashion but without exposure of AuNPs.

2.3.2 Well diffusion: The antibacterial activity of biosynthesised
nanoparticles was also assayed by the means of well-diffusion
method. Petri-plates were prepared with Luria Bertani (LB) agar
media. The well was created on LB agar media having 8 mm
diameter and bacteria culture was spread on it. AuNPs were loaded
with 4, 6 and 12 μg concentrations in the wells. The control well
was also treated with similar fashion but without exposure of
AuNPs. The plates were incubated at 37°C for 24 h and the
inhibition zones were measured.

2.3.3 Colony forming unit: Bacterial colony counting is a
convincing technique for the analysis of antibacterial activity of
nanoparticles. Antibacterial activity of the AuNPs was further
analysed by measuring the number of colonies grown. The LB agar
media was supplemented with AuNPs ranging from 20 to 60 
µg/ml. E. coli MTCC 1302 was culture on the media and incubate
for 24 h at 37°C. The control culture was also treated with similar
fashion but without exposure of AuNPs.

2.4 Catalytic activity

The catalytic activity of biosynthesised AuNPs was investigated
using model dye MB. UV–vis spectroscopy was used in order to
measure the absorbance. The catalytic activity of AuNPs was
investigated by taking the absorbance values of reaction mixtures.
The freshly prepared 1.0 ml aqueous solution of NaBH4 (15 mM),
1.5 ml M.B (0.2 mM) and 0.25 ml biosynthesised AuNPs were
mixed in the standard quartz cuvette having 1 cm path length. The
absorption spectra were recorded by UV–Vis spectroscopy with
scanning range of 400–700 nm.

Fig. 1 Biosynthesised gold nanoparticles using biomass of T. harzianum
(a) DLS showing size distribution profile of biosynthesised AuNPs, (b) TEM micrograph showing AuNPs synthesised by T. harzianum, (c) TEM micrograph at high-resolution
showing single nanoparticles with clear capping layer. Figures are reproduced from Tripathi et al. [23], with the permission of Elsevier Science
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3Results and discussions
3.1 Biosynthesised AuNPs

DLS was used to analysed size distribution profile of
biosynthesised AuNPs and found in the range of 32–44 nm in
diameter (Fig. 1a). This shows that fungal biomass is supporting
the synthesis of narrow size range of nanoparticles. TEM
micrograph reveals that biogenic AuNPs are having particles size
in the range of 26–34 nm (Fig. 1b) with spherical morphology.
Fig. 1c shows clear layer of biopolymer as capping layer on
nanoparticles which comes from fungal biomass [23].

3.2 Analysis of antibacterial of AuNPs

3.2.1 Growth curve analysis: The growth rate of E. coli MTCC
1302 was studied in the presence of biosynthesised AuNPs to
evaluate their antibacterial activity. The optical densities were
measured and plotted as a function of time for 24 h at regular
intervals in the presence of various concentrations of AuNPs
ranging from 20 to 60 µg/ml. It was scrutinised that optical
densities of bacteria diminish with increase in the concentration of
AuNPs (Fig. 2). It was observed that in the absence of AuNPs,
there is increase in the optical density indicating bacterial growth
but as the AuNPs concentration increases optical density decreases
showing reduction of bacterial growth and shows no growth at 60 

µg/ml as optical absorption was insignificant. The minimum
inhibitory concentration (MIC) of AuNPs was 20 µg/ml (Fig. 2). 

3.2.2 Well-diffusion analysis: The well-diffusion experiment was
another technique for evaluation of antibacterial activity by
measuring the diameter of zone. In our experiment it was found
that the diameter of zone increases with increasing concentration of
AuNPs. The inhibition zone was not observed in case of control
(without any exposure of AuNPs). The diameter of zones was
found to be 3, 5 and 9 mm with 4, 6 and 12 µg concentrations of
AuNPs, respectively. The experimental results indicated that the
AuNPs show effective antibacterial activity (Fig. 3). 

3.2.3 CFU analysis: The antibacterial activity of AuNPs was also
analysed by the means of CFU. AuNPs were supplemented with
LB agar media ranging from 20 to 60 µg/ml. After 24 h of
incubation of culture, dissimilar numbers of colonies were
observed on the surface of media (Fig. 4). The maximum number
of colonies was recorded in case of control culture and number
colonies decreasing with increasing concentration of AuNPs. CFU
graph shows that the 60 µg/ml concentration of AuNPs having
effective antibacterial activity. 

Further, antibacterial activity of nanoparticles was represented
by plotted a graph between viable colony number and the
concentration of AuNPs (Fig. 5). The graph clearly indicates that
the number of colonies decreases with the increasing concentration
of nanoparticles. 

3.3 Catalytic activity of AuNPs

The catalytic reduction of MB by biogenic AuNPs was
investigated. The reduction of MB in the presence of NaBH4 was
analysed and found no visible outcome in the absence of
nanoparticles. The rapid reduction of MB was observed after
addition of AuNPs. UV–vis absorption spectra of the reduction of
MB by NaBH4 in the presence of AuNPs recorded in 10 min
intervals for a period of 30 min (Fig. 6). The absorbance peak
occurred at 664 nm and showed remarkable decrease in the

Fig. 2 Effect of various concentrations of biosynthesised AuNPs on E. coli
MTCC 1302 growth rate

 

Fig. 3 Photograph images of the inhibition zones (mm) observed with
bacterial strain culture (E. coli MTCC 1302) plates loaded with AuNPs
having
(a) 0 µg, (b) 4 µg, (c) 6 µg, (d) 12 µg concentrations

 

Fig. 4 Photograph images of the number of colonies observed with
bacterial strain culture (E. coli MTCC 1302) plates media supplemented
with AuNPs having
(a) 0 µg/ml, (b) 20 µg/ml, (c) 30 µg/ml, (d) 40 µg/ml, (e) 50 µg/ml, (f) 60 µg/ml
concentrations
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absorbance. After 30 min, 39% reduction of MB was observed in
presence of AuNPs. 

The MB concentration is fewer than the NaBH4 in reduction
process which causes the complete reduction of MB and the
concentration of BH4

− remains constant throughout the reaction.
Therefore, catalytic activity of the AuNPs can be determined by the
pseudo-first-order kinetics with respect to MB [38]. The rate
constant (k) was determined from the linear plot of ln (At/A0)
versus reduction time in seconds which was estimated to be 0.2 × 
10−3 s−1 (Fig. 7). 

4Conclusions
In the present study, we have investigated the antibacterial and
catalytic activity of AuNPs. The antibacterial activity of AuNPs
was evaluated by the means of growth curve, well diffusion and
CFU counts methods. The various concentrations of AuNPs were
used and found very small quantity of nanoparticles show effective
antibacterial activity. The MIC of AuNPs was found to be 20 µg/ml
against E. coli MTCC 1305. The biogenic AuNPs were also
showing effective catalytic reduction of MB as 39% reduction was
observed in 30 min. The rate constant (k) was estimated to be 0.2 × 
10−3 s−1. We can conclude that the AuNPs have good catalytic and
antibacterial activity.
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