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The synthesis of nanoparticles with desired size and shape is an important area of research in nanotechnology. Use of biological
system is an alternative approach to chemical and physical procedures for the synthesis of metal nanoparticles. An efficient
environment-friendly approach for the biosynthesis of rapid and stableGold nanoparticles (AuNPs) usingwhole cells ofGeotrichum
candidum is discussed in this paper. The enzymes/proteins present in the microorganism might be responsible for the reduction
of metal salts to nanoparticles. Various reaction parameters such as culture age, temperature, pH, metal salt, and cell mass
concentrations were optimized. The AuNPs were characterized by UV-visible spectroscopy, dynamic light scattering (DLS),
energy dispersive spectroscopy (EDS), scanning electron microscope (SEM), and Fourier transform infrared spectroscopy (FTIR).
Nanoparticles were isolated by sonicating the whole cells after treatment with Tween 80. The whole cell mediated process showed
the simplistic, feasible, easy to scale up, and low-cost approach for the synthesis of AuNPs.

1. Introduction

Metal nanoparticles have been an extensive area of research
because of their unique chemical, physical, and optical
properties [1]. These make them potential candidates in
the field of catalysis, labeling, biosensing, drug delivery,
antimicrobial, and so forth [2, 3]. AuNPs have wider ranges
of applications in the biomedical field for biosensor devel-
opment, drug delivery, imaging, photo diagnostics, and so
forth [4]. Development of reliable processes for the synthesis
of metal nanomaterials with excellent dispersity and stability
with minimum harmful effects is the need of the day [5].
Traditional chemical and physical methods reported in the
literature involve the use of hazardous chemicals and extreme
reaction conditions [6–8]. The current research is directed
towards the development of eco-friendly protocols for the
synthesis of nanomaterials/nanostructures of desirable sizes
and shapes [9, 10]. Considering applications of AuNPs in
the fields of biology and medicine, environment, and tech-
nology, there is a growing need for the development of
cost-effective method for the synthesis of new nanoparticles

[11]. The biological methods fulfil all the requirements of
a process to be green [12]. Synthesis of nanoparticles utilizing
biological system such as bacteria, fungi, and several plant
extracts have been widely reported in the literature [6, 13–
15]. Microorganisms are able to produce metal nanomate-
rials either intra- or extracellularly. Intracellular synthesis
of metal nanoparticles (Pseudomonas stutzeri, Escherichia
coli, Vibrio cholerae, Pseudomonas aeruginosa, Salmonells
typlus, and Staphylococcus currens) has been investigated
by many workers [16, 17]. The formation of extracellular
silver nanoparticles by photoautotrophic cyanobacteria, Plec-
tonema boryanum, has been described in [18]. The intra-
cellular synthesis of AuNPs by microbial reduction of Au+3
using Shewanella algae has been investigated by Konishi et
al. in 2006 and Konishi et al. in 2007 [19, 20]. The synthesis
of AuNPs of different sizes and shapes has been reported
in both aqueous and nonpolar organic solvents [21, 22].
Some well-known examples of plant mediated synthesis of
gold nanotriangles using aloe-vera extract and tamarind
leaf extract are also available in literature [23, 24]. In this
paper, we report the intracellular synthesis of AuNPs using
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yeast, Geotrichum candidum, its downstream processing and
characterization.

2. Materials and Methods

2.1. Chemicals. Gold (III) chloride trihydrate salt (99.99%)
was purchased from Sigma-Aldrich (Steinheim, Germany).
Different salts, buffer, andmedia componentswere purchased
from Qualigens Chemicals (Mumbai, India), Hi Media
(Mumbai, India), and Central Drug House (P) (New Delhi,
India).

2.2. Microorganism and Culture Conditions. Geotrichum can-
didum NCIM 980 was procured from National Collection of
Industrial Microorganisms, National Chemical Laboratory,
Pune, India.The organismwas grown in YPDmedium (yeast
extract 3 g/L, peptone 3 g/L and dextrose 10 g/L, pH 6.5) at
30∘C in an incubator shaker (200 rpm).

2.3. Synthesis of Gold Nanoparticle and Its Downstream
Processing. The cells were grown in specified medium for
24 h at 30∘C in shaker incubator (200 rpm).The fermentation
broth was centrifuged at 7,000×g for 15min; cells were
washed thoroughly and resuspended in deionised water.
Suspension of wet cell mass (10%) in deionised water was
prepared. Tetrachloroauric acid trihydrate (AuCl

4
⋅3H
2
O)was

added to the cell suspension (10%) to final concentration
of 1mM. The reaction was carried out at 30∘C, 200 rpm
for 72 h and observed for visual colour change. For the
isolation of nanoparticles from the whole cells, various dis-
ruption methods were used. Cell disruption was performed
using ultrasonication after treatment with surfactant (Tween
80). The supernatant was collected after centrifugation at
10,000×g for 15min and lyophilized to concentrate the
AuNPs.

2.4. Characterization of Nanoparticles. An essential part in
the synthesis of nanoparticles is its characterization. The
synthesised AuNPs were characterized by UV-visible spec-
trometry, dynamic light scattering (DLS), scanning electron
microscopy (SEM), Fourier transform infrared spectroscopy
(FTIR), and energy dispersive spectroscopy (EDS). Observa-
tion of strong broad surface plasmon peaks at visible regions
(510–525 nm) has been well documented for AuNPs, with
sizes ranging widely from 10 to 100 nm.The reduction of pure
Au+3 ions to Auo was monitored by measuring through UV-
Vis spectroscopy by taking the samples of reaction mixture
(gold nanoparticle solution). Dynamic light scattering (DLS
or Zeta-sizer) was used to measure the size, size distribu-
tion, and potential (charge) of nanoparticles dispersed in a
liquid. Scanning electron microscopic (SEM) analysis was
done using the instrument (S-3400, Hitachi) operated at an
excitation voltage of 25 kV. The nanoparticles or whole cell
suspensions were mounted onto steel stage using double-
sided adhesive tape on a glass cover slip by just dropping
a very small amount of the sample on the cover slip, and
the film was allowed to dry and coated with gold using
ion sputter (E-1010, Hitachi). The SEM was used for the

determination of size and morphology of the nanoparticles.
The functional groups and capping of the synthesized AuNPs
were confirmed by FTIR spectroscopy. Elemental analysis
and chemical composition of NPs were determined using
energy dispersive spectroscopy.

2.5. Optimization of Various Reaction Parameters

2.5.1. Culture Age and Its Concentration. Cell age has pro-
nounced effect on the synthesis of nanoparticles. In order
to determine the optimum culture cell age for nanoparticle
production, the cells were harvested at different phases of
growth. After harvesting, the cells were thoroughly washed,
resuspended in deionised water, and tetrachloroauric acid
trihydrate (AuCl

4
⋅3H
2
O) was added to make final concen-

tration of 1mM, and reaction mixture was incubated at 30∘C
(200 rpm). After 48 h, cells were harvested by centrifugation
at 7,000×g for 15min. The effect of cell mass concentration
was studied by incubating different concentrations of cells
(25–250mg/mL) with gold salt at 35∘C (200 rpm) for 72 h.
From time to time, the samples were taken from the reaction
mixture, and nanoparticles were characterized according to
the set procedures.

2.5.2. ReactionTemperature. Tetrachloroauric acid trihydrate
(AuCl

4
⋅3H
2
O) was added in 1mM concentration to the

resuspended whole cells, and the flasks were incubated at
a range of temperature of 15 to 40∘C (200 rpm). Samples
were collected at a regular interval of time and characterized
accordingly.

2.5.3. Reaction pH. To the cell suspension, tetrachloroauric
acid trihydrate (AuCl

4
⋅3H
2
O) was added to achieve a final

concentration of 1mM, and the flasks were incubated at 35∘C
(200 rpm). A range of pH (3–13) of the reaction mixture was
chosen. Samples were collected at a regular interval of time
and characterized accordingly.

2.5.4. Metal Salts. To the whole cell suspension, different
concentrations (1 to 10mM) of AuCl

4
⋅3H
2
O were added,

and the flasks were incubated at 35∘C (200 rpm). Samples
were collected at a regular interval of time and characterized
accordingly.

3. Results and Discussion

The shape, size, and size distribution of metal nanoparticles
produced by the reduction of gold ion (Au3+) by Geotrichum
candidum in solution depend on various reaction conditions
such as temperature, cell age, cell mass pH, and concentration
of metal salt. After downstream processing, the nanoparticles
were characterized by various techniques.

3.1. Characterization of AuNPs

3.1.1. Visual Observation. It has been reported [25] in the lit-
erature that the formation of AuNPs is detected by observing
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Figure 1: Visual observations of AuNPs produced by whole cell
Geotrichum candidum.
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Figure 2: UV-Vis spectra of AuNPs produced by whole cell Geotri-
chum candidum.

the colour change of reaction mixture. In this case, also
the formation of nanoparticle was preliminarily identified
by observing the colour change of the reaction mixture
(Figure 1). The cell mass of G. candidum turned light yellow
(Figure 1(a)) to purple colour (Figure 1(b)) indicating the
synthesis of AuNPs. The synthesis might be either intracel-
lular or on the cell surface.

3.1.2. UV-Vis Spectral Analysis. As previously reported by
other workers [26] on the colloidal solution of gold nanopar-
ticle when subjected to UV-Vis spectrometry, a strong peak
was absorbed at 520–530 nm (Figure 2).

3.1.3. Control of Size and Shape of AuNPs. To achieve the
better size and shape of AuNPs synthesised by the cells
of Geotrichum candidum, parameters such as cell age, pH,
temperature, metal ion, and cell mass concentration were
optimized. Metabolic activities of cell vary with the cell
age. The cellmass harvested at 48 h of growth produced
highest amount of AuNPs (Figure 3(a)). This may be due to
expression of higher amount of reductant at that the time
of harvest (48 h growth) resulting in higher reduction. With
the increase in temperature, reaction rate increased up to
a certain value and then it started decreasing. Temperature

of 35∘C was found to be optimum for nanoparticle syn-
thesis, beyond which the absorption at 520 nm decreased
(Figure 3(b)). This may be due to instability of reductive
compounds (protein/peptide) at higher temperatures. Ger-
icke and Pinches [27] also found similar effect for the Au-
nanoparticle synthesis. Nanoparticle synthesis is a crystalli-
sation phenomenon that depends upon solubility of salt in
the media. pH affects the solubility and thus can affect the
nanoparticle formation. The optimum pH for synthesis of
gold nanoparticle was found to be 7 where the maximum
absorptionwas observed (Figure 3(c)). Both above and below
pH 7, aggregation took place. Higher concentration of auric
chloride was found to be toxic to the microbial cell. Lower
concentration of auric chloride (1mM) was very efficiently
reduced by the cells of G. candidum (Figure 3(d)). Cellmass
concentration also showed prominent effect on the nanopar-
ticle formation. Keeping all the other parameters constant,
the cellmass concentration was varied from 25 to 250mg/mL,
and 50mg/mL was found to give maximum yield of AuNPs
(Figure 3(e)).

3.1.4. Zetasizer. The synthesized nanoparticles have average
particle size of about 76.58 nm and PDI of 0.231 (Figure 4(a))
which indicates monodispersity, and Zeta potential of
−17.5mV (Figure 4(b)) shows that the synthesized AuNPs are
capped by -vely charged groups and are moderately stable.

3.1.5. Scanning Electron Microscopy (SEM) Analysis. A rep-
resentative SEM image of the synthesized AuNPs is shown
in Figure 5. This SEM image shows that the synthesized
nanoparticles lay on the surface of Geotrichum candidum
(Figure 5(a)). The average nanoparticle size lies in the range
of 65–70 nm. Figure 5(b) shows the harvested AuNPs isolated
from the cellmass of G. candidum.

3.1.6. Energy Dispersive Spectroscopy (EDS). An area profile
EDS spectra of AuNPs (Figure 6) synthesized by whole cells
of G. candidum after purification showed the presence of
strong signals of the gold atoms.

3.1.7. FTIR Spectroscopy. FTIR spectroscopy analysis was
done to reveal the involvement of possible biomolecules
affecting the reduction and subsequent capping of the metal
nanoparticles [28] synthesized by G. candidum. The proteins
can bind to nanoparticles through its various functional
groups [29]. The FTIR spectra revealed the presence of
different functional groups such as amide and –COOH
linkages on amino acid residues in protein and synthesized
AuNPs.The bands were observed at 1299 cm−1, 3433.14 cm−1,
2923.27 cm−1, and 1735.66 cm−1 (Figure 7), acknowledged as
amide III band, –OH stretching, C–H stretching, and C–
O stretching of carboxylic acid, respectively [30]. The band
at 1647 cm−1 represents C=O stretching of amide bond. The
band at 1351.71 cm−1 represents C–N stretching which is
commonly present in proteins, indicating the presence of
protein as ligand for AuNPs, which increases the stability
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Figure 3: Optimization of various physicochemical parameters for AuNPs synthesis by whole cells of Geotrichum candidum.

of synthesized nanoparticles [31]. All peaks of FTIR spectra
showed the presence of protein attachment to the AuNPs.

4. Conclusion

Geotrichum candidum was reported for the first time to
synthesize AuNPs. Various reaction parameters like cell age,
temperature, pH, cell mass, and metal ion concentration,
were optimized to increase the yield and to improve the
dispersity of nanoparticles. Proteins are responsible for the
reduction of metal salts as well as its stabilization by capping.
The gold nanoparticle throughout the cellmass suggests that

Au+3 ions entered the cells through a transport system. The
presence of different metabolic enzymes inside the cells or
cytoplasm probably reduced Au+3 to Auo and capped it by
protective peptide/proteins. The microorganism mediated
synthesis of metal nanoparticles can be a viable alternative to
physical and chemical methods and can be easily scaled up.
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Figure 4: (a) Zetasizer distribution and (b) Zeta potential of AuNPs
synthesized by whole cell of Geotrichum candidum.
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Figure 5: SEM images of AuNPs synthesized by Geotrichum
candidum (a) in the whole cell and (b) after downstream processing.
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Figure 6: EDS spectra of AuNPs synthesized by whole cells G. can-
didum.
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Figure 7: FTIR spectra of AuNPs synthesized by whole cell
Geotrichum candidum NCIM 980 after harvesting.
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