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Abstract: The present study determined if metal ions (zinc sulphate, silver
nitrate, copper sulphate, manganese sulphate and ferric chloride) can be
used as precursors to prepare nanoparticles using a baker’s yeast culture
medium. The particles were characterized using Fourier transform infrared
(FTIR), scanning electron microscope—energy-dispersive X-ray (SEM-
EDX), transmission electron microscopy (TEM), and X-ray powder
diffraction (XRD). The antibacterial activity against Escherichia coli and
Streptococcus aureus was also evaluated. Saccharomyces cerevisiae strain
A12 culture only synthesized nanoparticles using a silver nitrate solution.
FTIR indicated that the protein might play a role in capping the
nanoparticles, which formed large aggregates and contained silver, oxygen
and a small amount of phosphorus. The nanoparticles were spherical,
ranging in size from 9 to 85 nm, crystalline and characterized as Ag,O,
however, they demonstrated weak antibacterial activity.
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INTRODUCTION

Nanoparticles are widely used in various applications including semiconductors [1, 2],
photocatalysis [3-5], and antibacterial agents [6, 7]. They can be synthesized by various
physical [8, 9], chemical [5] or biological methods [6, 10]. However, as most physical
and chemical methods use toxic materials or extreme conditions, the development of
biological methods is currently being explored [11-13]. Biological methods use milder
conditions and non-toxic solvents, therefore are more environmentally friendly,
fulfilling the green chemistry principles requirement.

Potential biological agents for the biosynthesis of nanoparticles include plants extract
[6, 14] and microorganisms, such as bacteria [15], yeast [16] and algae [10]. A yeast
that has been reported to have the ability to synthesize nanoparticles is Saccharomyces
cerevisiae [17, 18], which has been used in the preparation of gold, silver [19] and
manganese [20] nanoparticles. Other microorganisms, namely Pichia fermentans [16],
Aeromonas hydrophila [21], and Lactobacillus plantarum [22] have been used in the
preparation of zinc oxide nanoparticles. Since the ability to form nanoparticles may
differ between yeast species or strain depending on both internal (i.e. genetic factor) and
external (i.e. environmental) factors [12], there might be differences in the ability of a
yeast strain to synthesize nanoparticles from different metal ions precursors [12, 23].
Therefore, the present study investigated the ability of a baker’s yeast strain to
synthesize nanoparticles using five salts as the source of different metal ions.

MATERIALS AND METHODS
Materials

All chemicals used including analytical grade zinc sulphate, silver nitrate, copper
sulphate, manganese sulphate, ferric chloride, ammonium sulphate, potassium
dihydrogen phosphate, and glucose were obtained from Sigma Aldrich (Singapore).
Yeast extract, bacteriological peptone and bacto agar for growth media preparation were
purchased from Difco Laboratories (Madison, USA).

Microorganism

The microorganism used was Saccharomyces cerevisiae strain A12, a baker’s yeast
strain [24] and a gift from A/Prof. Robert Learmonth, University of Southern
Queensland. The yeast cells were maintained on slopes of a complete medium, yeast
extract peptone (YEP), containing (w/v) 0.5 % yeast extract, 0.5 % bacteriological
peptone, 0.3 % (NH4)2SO4, 0.3 % KH,PO4, 1 % glucose and 1.5 % agar. Slopes were
stored at 4 °C and sub-cultured every 6 months.

Preparation of media for nanoparticle biosynthesis
Cells were grown in YEP media containing (w/v) 0.5 % yeast extract, 0.5 %

bacteriological peptone, 0.3 % (NH4)2SO4, 0.3 % KH,PO4, and 1 % glucose. Starter
cultures were inoculated from slopes and grown overnight (~16 h) at room temperature
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and 180 rpm in an orbital shaker (DLab SK-O330-Pro), then used to inoculate 50 mL of
growth media to give a final optical density of ~0.1 at 600 nm (ODgyo nm). The cells
were grown in a 250 mL Erlenmeyer flask sealed with an oxygen-permeable cotton
wool bung. After 24 hours, the cells were separated from the growth media by
centrifugation (Beckman TJ-6 centrifuge) at 8000 g and the supernatant was used for
the biosynthesis of nanoparticles.

Biosynthesis of nanoparticles

Five salts were tested, namely zinc sulphate, silver nitrate, copper sulphate, manganese
sulphate, and ferric chloride. The salt solutions were prepared to give a final
concentration of 0.1 M and 25 mL was mixed with 10 mL of media from the previous
step and 15 mL distilled water in a 250 mL Erlenmeyer flask The solution was then
shaken at 180 rpm for 24 hours and the formation of nanoparticles was indicated by the
presence of precipitate in the solution. The solution was centrifuged at 8000 g for 10
minutes and the precipitate was dried in a 60 °C oven for 24 h for further analysis.

FTIR analysis

Fourier Transform Infrared Spectroscopy (FTIR) analysis was performed to investigate
the presence of chemical groups. Briefly, 0.5 mg of sample was ground with 50 mg of
dried KBr, then pressed to form a pellet which was analyzed using an FTIR instrument
(Perkin Elmer Spectrum-100, USA)

SEM-EDX Analysis

SEM-EDX analysis was performed to investigate the morphology and elemental
composition of the nanoparticles. Around 0.5 g sample was attached to a tape and
placed in the sample holder before scanning with an SEM-EDX instrument (Hitachi
EDAX Team, Japan).

TEM Analysis

The morphology and size of the nanoparticles were analyzed by TEM (JEOL JEM-
1400plus, USA) using a TEM Grid Cu 400 mesh.

XRD Analysis

XRD characterization was performed using Cu Ka ray radiation with a 20 angle from 20
to 80°. The X-ray diffractogram was refined using Highscoreplus software to check the
sample structure phase and crystallinity. Around 500 mg sample was spread evenly on
the sample holder and analyzed with an XRD instrument (Bruker D8 Advance,
Germany).
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Antibacterial activity assay

The antibacterial activity of the nanoparticles was evaluated by the Kirby—Bauer test
using paper discs (@ = 6 mm) on a yeast extract-peptone-dextrose (YPD) agar plate.
The concentration of particles tested was 100, 500 and 1000 ppm, with 100 ppm
amoxicillin (PT. Kimia Farma, Indonesia) used as a positive control, while water was
used as a negative control.

RESULTS AND DISCUSSION
Biosynthesis of nanoparticles

Five salt solutions were used as the source of metal ions for the biosynthesis of metal
oxide nanoparticles and the results are shown in Table 1. Out of the five salts tested, the
yeast strain used was only capable of forming nanoparticles with silver nitrate (AgNOs).
This result indicates that the yeast strain used in the present study has specificity for the
particle biosynthesis. The present finding suggests that not all metal ion present in the
media can be turned into metal oxide by the yeast strain used in this study.

Table 1. Formation of particles from various salts using S. cerevisiae strain A12
growth medium

Salt Precipitate formed
ZHSO4 -
AgNO3 +
CuSOy -
MHSO4 -
F€C13 -

Characterization of nanoparticles

The FTIR analysis of the nanoparticles is presented in Figure 1. The peak at 3239 cm™
corresponds to the —OH stretching vibration and the peak at 1652 cm™ corresponds to
the -NH stretching vibration of the amide group, while the peaks at 1384 cm™ and 1114
cm™ correspond to the aromatic and aliphatic amines of C-N stretching vibration of
protein [24]. This result indicates the presence of protein which might be responsible for
the formation of the particle and agrees with previously published results which suggest
that protein molecules have a role in the formation of nanoparticles as capping agents
[25-27].
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Figure 1. FTIR spectrum of Ag>O parﬁcles formed by culture medium of
S. cerevisiae A12 using silver nitrate as a precursor

450.0

The morphology of the particles was examined by SEM-EDX, which can also
determine the elemental composition of a particle. The SEM results are presented in
Figure 2, while the EDX analysis is shown in Figure 3.

SU3500 108KV 5. 4mm x200k SE SUZ500 3.00kY 5.4mm x5.00k SE 10.0um

(b)
Figure 2. SEM micrograph of Ag,0 particles formed by S. cerevisiae AI12 culture
medium using silver nitrate as a precursor. (a) 2000 and (b) 5000 x magnification

The SEM analysis indicates that the particles form aggregates, hence, have a larger
particle size typical of nanoparticles synthesized by microorganisms [15, 28] and plant
extracts [14] and are composed of silver (Ag), oxygen (O) and phosphorus (P), with Ag
being the most dominant component. This indicates that the particle formed is silver
with some impurities and the presence of phosphorus (P) is most likely because it is
present in the yeast growth culture media and co-precipitates with the particle. TEM
analysis was conducted to further investigate the aggregation phenomenon and the
particle morphology and size (Figure 4).
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Figure 3. EDX spectrum of particles formed S. cerevisiae A12 culture medium using
silver nitrate as a precursor. The inserted table contains the mass and atomic
composition of the particles

Figure 4. TEM micrograph of Ag,0 particles formed by S. cerevisiae A12 culture
medium using silver nitrate as a precursor

The morphology of the particles is mostly spherical, with particles clumping together to
form larger aggregates with protein most likely become a capping agent between the
nanoparticles. This finding confirms the SEM results which showed aggregates of
particles composed of smaller particles. This aggregation phenomenon was also
reported in a previous study [14, 18, 28]. TEM also can be used to determine the size of
the particle, revealing that the particle diameter ranged from 9 to 85 nm, with a mean
value of 27 nm, hence can be categorized as a nanoparticle. The crystallinity was
determined by XRD as shown in Figure 5, the sharp peaks indicating that the particles
were in a crystalline state and characteristic of Ag,0.
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Figure 5. Diffractogram of the Ag,0 particle prepared by
S. cerevisiae A12 culture medium using silver nitrate as a precursor

Evaluation of antibacterial activity

Silver nanoparticles are widely known for their antibacterial activity, so the particles
synthesized in the present study were also evaluated for their antibacterial activity. The
assay was conducted by the paper disc method using Escherichia coli ATCC 11229
(representing gram-negative bacteria) and Staphylococcus aureus ATCC 6538
(representing gram-positive bacteria) as presented in Figure 6 and Table 2.

Staphylococcus aureus

1000 ppm 500 ppm

100 ppm
100 ppm RE

Amoxycillin Amoxycillin

100 ppm Aquadest ! 100 ppm Aquadest

-

(a) (b)
Figure 6. Antibacterial activity of Ag,0 particles prepared by S. cerevisiae culture
medium against E. coli ATCC 11229 (a) and S. aureus ATCC 6538 (b)
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Table 2. Clear zone value obtained from the Kirby—Bauer test

Sample Clear zone (mm)
E. coli ATCC 11229 S. aureus ATCC 6538

Control (+) 10.33 +£0.39 28.50 £ 0.00
Control (-) 0.00 = 0.00 0.00 = 0.00
Samples

1000 ppm 6.53£0.32 6.85+0.28
500 ppm 6.18+0.04 0.00 = 0.00
100 ppm 0.00 £+ 0.00 0.00 £+ 0.00

The data is presented as a mean and standard deviation of three experiments

These results indicate that the synthesized particles had relatively weak antibacterial
activity compared to the positive control (100 ppm amoxicillin), possibly due to the
formation of large aggregates [29, 30]. As previous studies indicated the high
antibacterial activity of silver nanoparticles [6, 25, 31], further studies could be
conducted to reduce the formation of large aggregates and improve the antibacterial
activity of the particles.

CONCLUSIONS

The baker’s yeast strain used in this study, S. cerevisiae A12, can synthesize silver
nanoparticles from a solution of silver nitrate. However, the nanoparticles formed large
aggregates and had relatively weak antibacterial activity so further studies are required
to optimize the synthesis conditions to reduce the formation of aggregates and improve
the antibacterial activity.
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