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Cadmium-tolerant (6mM) Aspergillus niger (RCMB 002002) biomass was challenged with aqueous cadmium chloride (1mM)
followed by sodium sulfide (9mM) at 37°C for 96 h under shaking conditions (200 rpm), resulting in the formation of highly
stable polydispersed cadmium sulfide nanoparticles (CdSNPs). Scanning electron microscopy revealed the presence of spherical
particles measuring approximately 5 nm. A light scattering detector (LSD) showed that 100% of the CSNPs measure from 2.7 to
7.5 nm. Structural analyses by both powder X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR)
confirmed the presence of cubic CdS nanoparticles (CdSNPs) capped with fungal proteins. These CdSNPs showed emission
spectra with a broad fluorescence peak at 420 nm and UV absorption onset at 430 nm that shifted to 445 nm after three months
of incubation. The CdSNPs showed antimicrobial activity against E. coli, Pseudomonas vulgaris, Staphylococcus aureus, and
Bacillus subtilis, and no antimicrobial activity was detected against Candida albicans. The biosynthesized CdSNPs have cytotoxic
activity, with 50% inhibitory concentrations (IC50) of 190μgmL-1 against MCF7, 246 μgmL-1 against PC3, and 149 μgmL-1

against A549 cell lines.

1. Introduction

The use of various toxic substances and the higher energy
consumption arising in various chemical and physical pro-
cesses hinder their extensive field applications. Notably, the
microbial biosynthesis of metal nanoparticles emerged as a
significant branch of nanobiotechnology because it is cost-
effective, ecofriendly, and unlike other physical and chemical
processes. These nanoparticles are also size-reproducible and
more monodisperse and have greater stability than syntheti-
cally produced ones [1].

The benefits of using microorganisms to develop efficient
methods for synthesizing quantum dots compared with other
biological objects is their capabilities to function in an
environment under stressful conditions, particularly in the
presence of high metal concentrations as well as sudden
changes in the pH, temperature, and pressure [2].

The capabilities of microorganisms to produce green Cd-
containing nanocrystal were attributed to its ability to resist
heavy metals via the bioreduction and precipitation of

soluble metallic ions, producing insoluble nanometric
complexes [3]. In bacteria, the biosynthesis of intracellular
CdSNPs can be distinguished in Thermoanaerobacter sp.
[4], Klebsiella pneumoniae (5 to 200nm) [5], and Escherichia
coli (2 to 5 nm), [6] and also the extracellular biosynthesis in
Klebsiella aerogenes (20 to 200nm) [7], Rhodopseudomonas
palustris (8 nm) [8], Clostridium thermoaceticum [9], Rhodo-
bacter sphaeroides, Serratia nematodiphila [10], Shewanella
oneidensis [11], Gluconacetobacter xylinus (30 nm) [12],
and Lactobacillus sp. [13], and intra- and extraspherical
NPs measuring 40~50 nm by Desulfovibrio caledoiensis and
Enterococcus sp. (50 to 180nm) [14].

The usage of eukaryotic microorganisms is potentially
exciting since they secrete high levels of proteins and
enzymes, thus increasing yield, and they are simple to
manage in the laboratory and at an industrial scale. Because
of their tolerance and their bioaccumulation ability of metals,
fungi are an attractive center stage in biological group gener-
ation of metal nanoparticles. Few advantages of using a
fungal-mediated green approach to the nanoparticle synthesis
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are as follows: economic capability and ease in scale-up and
handling, thus making it possible to obtain biomass easily
for processing, and large-scale production of different extra-
cellular enzymes [15]. It has been reported that five yeast
strains, namely,Candida glabrata for hexamers that are intra-
cellularly and extracellularly synthesized [16], Candida
glabrata for intracellularly synthesized compounds [17],
Schizosaccharomyces pombe [6–8, 17], Trichosporon jirovecii
[18], and Saccharomyces cerevisiae [19], can produce CdSNPs
when cultured within the presence of cadmium salts. CdSQD
nanoparticles were also extracellularly biosynthesized by
Fusarium sp. ciceris [20] that adhered to the cell wall [21]
via Fusarium oxysporum and from a Fusarium oxysporum
f. sp.-lycopersici 4287 [22] mycelium mat. Trichoderma
harzianum [23], Pleurotus ostreatus [24], and Phanero-
chaete chrysosporium [25] could also biosynthesize CdSNPs,
whereas the white rot fungus Coriolus versicolor has been
capable of synthesizing CdSQDs without the use of an
external source of sulfur [26].

The development of novel cadmium-based quantum dots
shows great potential in the treatment and identification of
cancer and targeted drug delivery due to their better size,
highly optical fluorescence property, and ease to functiona-
lize the tissue [27].

In the present work, the biosynthesis of CdSNPs by
Aspergillus niger is reported for the first time, in which Asper-
gillus niger biomass was challenged with aqueous cadmium
chloride (1mM) and sodium sulfide (9mM) at 37°C for
96 h under shaking conditions (200 rpm), resulting in the
formation of high stable CdS nanoparticles. These CdSNPs
were screened against different microbes and against differ-
ent cancer cell tissues.

2. Material and Methods

2.1. Microorganism. The fungus Aspergillus niger (RCMB
002002) was subjected to 6mM cadmium nitrate and main-
tained on PDA (potato 20% w/v, dextrose 2% w/v, and agar
2% w/v) slants. The Aspergillus niger spores of four-day-old
slants were inoculated with a concentration of 4 × 106 spores
L-1 into 250mL flasks having 100mL of medium MGYP
which consists of yeast extract 0.3% w/v, glucose 1.0% w/v,
malt extract 0.3% w/v, and peptone 0.5% w/v. Then, the
flasks were incubated in the incubator-shaker for 5 days at
30°C and 150 rpm. All experiments were performed in dupli-
cate and repeated twice, and the results are reported with
their associated standard errors.

2.2. Biosynthesis of Nanoparticles. After the end of five days of
the incubation period, the fungal mycelia were collected by
filtration using filter paper No. 1 and washed with twice-
distilled water three times. To initiate nanoparticle biosyn-
thesis, three grams of mycelia was suspended in 75mL of
CdCl2 (1mM), which was shaken for 20min. at 30°C, and
then, Na2S (9mM)was added and left for 5 days. The biomass
was filtered and washed with bidistilled water three times,
then suspended in 10mL and sonicated for 10 minutes. The
sonicated samples were then centrifuged at 6000 × g for
15min to remove the cell debris, and the supernatant was

collected and filtered through a filter membrane for further
characterization experiments.

2.3. Characterization of Nanoparticles. For all the samples,
the UV-Vis spectra from 200 to 600nm were measured by
a Shimadzu UV-1800 (Japan) spectrophotometer against
the cell with distilled water as a reference. The emission spec-
tra were determined using a fluorescence spectrophotometer
(Jobin-Yvon Horiba FluoroMax-4, HORIBA, Ltd., Japan)
with λexc of 360 nm.

The formation of CdS nanoparticles was determined by
X-ray diffraction (XRD) techniques using an X-ray diffrac-
tometer (X’Pert Pro, PANalytical, Netherlands) with Cu-K
radiation (k = 1:5405Å) with a wide range of Bragg’s angles
(20° ≤ 2θ ≤ 60°). In addition, the FTIR spectra (Fourier trans-
form infrared spectra) were determined by Bruker Tensor 27
(USA). The elemental composition of the sample was charac-
terized by using energy-dispersive X-ray (EDS) analysis
(Seron AIS 2300, Korea). Furthermore, the morphology and
the average size of nanoparticles were determined using a
transmission electron microscope (TEM, Philips CM20).
Zetasizer ver. 6.32 DLS (Malvern Instruments Ltd.) was used
to determine the particle sizes.

2.4. Antimicrobial Activity. Antimicrobial susceptibility test-
ing was carried out by the standard well diffusion method
[28] against four bacteria (Proteus vulgaris ATCC 13315,
Escherichia coli ATCC 25955, Bacillus subtilis NRRL B-543,
and Staphylococcus aureus RCMB010010) and one yeast
(Candida albicans ATCC 10231). The bacterial cultures were
grown in Luria-Bertani (LB) broth media, and the yeast
strain was grown in yeast malt broth for 24 h. After that,
100μL (105CFU/mL) of the bacterial and yeast cultures was
spread uniformly on the LB and yeastmalt agar plates, respec-
tively, and wells (8mm) were pricked using a sterile cork
borer. Then, the wells were filled with a fixed volume of the
CdSNPs and water as a control. The plates were placed in a
refrigerator (5–10min) for successive diffusion, and
subsequently, the bacterial strains were incubated at 37°C for
24 h, and the fungal strains were incubated for 48h at 30°C.
After the incubation, the diameter of the inhibition zone was
determined and recorded. The experiments were performed
in triplicate, and therefor, the average diameter of the inhibi-
tion zone with its standard deviation was determined.

2.5. In Vitro Cytotoxicity. The anticancer efficacy of the
biosynthesized CdNPs was evaluated in terms of their
in vitro cytotoxicity against breast cancer (MCF7), human
lung cancer, non-small-cell carcinoma (A549), and prostatic
small cell carcinoma (PC3), which were estimated by a meth-
ylene blue assay. The cell lines were cultured in a 96-well plate
in Dulbecco’s adjusted Eagle’s medium (DMEM) (10,000
cells/well/100μL) containing 10% heat-inactivated fetal
bovine serum, gentamycin (50μg/mL), and 1% L-glutamine
to adhere the cells under appropriate conditions (37°C, 5%
CO2) for 24h. A series of twofold dilutions of the examined
nanoparticles of cadmium sulfidewere added to confluent cell
monolayers, and three wells were used for each dilution and
further incubated for 24 h. The controls were incubated
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without the nanoparticles, with or without dimethyl sulfoxide
(DMSO). After the incubation time, the media were aspirated
and crystal violet solution (1%) was added to all wells for 30
seconds [29]. The plates were washed to remove the excess
dye, and then, glacial acetic acid (30%) was then added and
mixed thoroughly. The absorbance for each well was deter-
mined at 490nm, and the readings were corrected against
the absorbance of the wells without added stain. The relation
between the cell survival and the concentrations of cadmium
sulfide nanoparticle was plotted to obtain the survival curve
and to calculate the 50% inhibitory concentration (IC50).

3. Results and Discussion

The biological synthesis of nanoparticles is believed to involve
free amino acids, soluble proteins, enzymes, flavonoids, terpe-
noids, phenolic compounds, tannins, proanthocyanidins,
carbohydrates, and vitamins [30]. Fungal systems are effective
at the synthesis of extracellular nanocrystal CdS as they
contain sulfate reductase enzymes that reduce the sulfate
groups of the metal salts directly into the culture medium,
leading to the formation of extracellular CdS nanoparticles.
In addition, these fungi have a high level of enzyme synthesis
and secretion also as high protein and carbohydrate com-
pound production [31].

3.1. UV Spectrum. The CdSNP biosynthesis by the Aspergillus
niger was indicated by a color change in the reaction mixture,
to yellow, after the addition of sodium sulfide (Figure 1(a)).
The cadmium sulfide biosynthesis was further confirmed by
the UV-Vis absorption spectrum (Figure 1(b)). The CSNP
sample showed a broad absorption onset at 430nm, which
was attributed to the CdSNP-surface plasmon excitation
bands (Figure 1(d)) [32]; it exhibited a blue shift compared
with 512-515nm of the bulk cadmium sulfide [33] as direct
evidence of the CdS nanoparticle formation with small parti-
cle sizes [34] within the presence of a capping agent, which
prevented the aggregation of the nanoparticles into a bulk
material [35]. Similarly, UV absorbances of the biosynthe-
sized cadmium sulfide nanoparticles from E. coli, Bacillus
licheniformis, Pseudomonas aeruginosa, Fusarium oxy-
sporum, Aspergillus terreus [36], Serratia nematodiphila
[10], the freshwater alga Chlamydomonas reinhardtii [37],
Escherichia coli PTCC 1533, and Klebsiella pneumoniae
PTCC 1053 [38] were shown at 465nm, 459nm, 465nm,
468nm, 428nm, 420nm, 430nm, and 400-450nm, respec-
tively. The absorbance peak that occurred at 273nm accounts
for the presence of aromatic amino acids containing protein
molecules as reported by [39]. This finding may confirm
the presence of proteins and tier possible role in the forma-
tion of the nanoparticles.

Following Mie’s theory, nanoparticles with sphere shape
will give one single SPR band, while nanoparticles differently
shaped, i.e., rods, triangles, and cuboids, will lead to two or
more SPR bands [40]. Accordingly, the biosynthesized
CdNPs in the present study consisted of only a single popu-
lation of spherical nanoparticles.

One of the major characteristics required for any type of
the nanoparticle to be put to good use is its stability at the

room temperature. As clearly indicated in Figure 1(c), there
was a slight shift in the absorption peak of the freshly pre-
pared CdSNPs from 430 nm to 445 nm for samples stored
for three months. Slight aggregation was taking place while
the CdSNPs were stored over a three-month period with a
disappearance in the peak at 273nm which disappeared in
the stored sample, which might be attributed to indicating
the complete protein lysis in the sample.

3.2. Photoluminescence. The fluorescence emissions of
semiconductor nanoparticles are generally due to the contri-
butions from the recombination of exciton, which usually
happened at the absorption edge and owing to release
emissions from the trapped deficiencies [41]. Figure 1(d)
illustrates the photoluminescence (PL) spectrum of the
cadmium sulfide nanoparticles that were excited at 360 nm.
The nanoparticles showed one major peak at 420 nm that
would correspond to emissions of the band edge. The blue
shift in the emission peak was explained by the quantum con-
finement of the exciton because of the decreases of particle
size. The slight heterogeneity of particle size was the reason
of relative broadness of the emission peak width. The absence
of appreciable emissions at longer wavelengths (500–700 nm)
was attributed to the surface traps indicated by the absence of
defect-related emissions as detected from the spectrum. This
finding could be attributed to the surface modifications of
nanoparticle caused by the fungal biomolecules that stabilize
and develop the photoluminescence intensity.

3.3. FTIR. Several vibration bands of the CdSNPs biosynthe-
sized can be observed from 4000 to 500 cm−1 (Figure 2). In
the higher energy region, the absorption peaks located at
approximately 3435 cm−1 can be assigned to the stretching
vibrations of N-H, which may overlap with the O-H bond
in the carboxyl group [42] owing to the amide linkages of
the proteins and amino acid residues in the polypeptides
[8]. The O-H bond of the carboxyl group has a peak at
2923.65 cm−1. Two prominent peaks at 1631 cm−1 and
1562 cm−1 are related to the stretching vibrations in the pri-
mary and secondary amides of the proteins, respectively
[25]. The bands observed for the C-N bond at 1408·CdSNP
cm−1 and 1087·cm−1 correspond to the stretching vibrations
of the aromatic and aliphatic amines, respectively. The peak
located at 624.37 cm-1 is assigned to the out-of-plane wagging
of the N-H bond. The FTIR spectral results showed the
possible interactions of the CdS nanoparticles with proteins,
which might be responsible for the stabilization of the nano-
particles [42].

3.4. XRD. The XRD pattern of the biosynthesized CdS nano-
particles (Figure 3) exhibited diffraction peaks at 2θ values of
26.33, 43.65, and 51.6 corresponding to the (111), (220), and
(311) planes of CdSNP cubic phase (Joint Committee for
Powder Diffraction Standards (JCPDS) 10-454). The occur-
rence of these broad peaks indicated that the particles either
have very small sizes of crystallite or are semicrystalline in
nature. The width of the XRD diffraction peaks was indica-
tive of the relatively small particle size and heterogeneous
particle size distribution [43].
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Figure 1: (a–c) Graphs of the UV-Vis scan: (a) sample incubated for three months; (b) photoluminescence spectra (c) of the cadmium sulfide
nanoparticle biosynthesized by Aspergillus niger (RCMB 002002). (d) The surface plasmon excitation bands for cadmium sulfide nanoparticle
biosynthesized by Aspergillus niger (RCMB 002002).
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3.5. DLS. Figure 4 shows the typical size and distribution of
the biosynthesized CSNP size as tested by DLS. It can be
observed that 100% of the CSNP size distribution falls within
2.7-7.5 nm range, thus displaying a unimodal size distribu-
tion. The particle sizes tested by DLS were significantly larger
than those observed by the TEM, where the technique of DLS
gives a mean of hydrodynamic diameter for CSNP core
surrounded by the organic and solvation layers, and this
hydrodynamic diameter is influenced by the viscosity and
the concentration of the solution [44].

3.6. TEM and EDX. Figure 5 shows that the biologically
stabilized nanosized particle cluster clearly had a polymeric
pattern as uniform and fine particles, which form crystalline
aggregates. As illustrated before, these protein molecules
and the peptide molecules stabilized the generated nuclei
of CdS and disallowed their extra growth [45]. According
to these images, the regular size of the monodispersed

nanoparticles resulted to be within a range of 2–10 nm, and
some larger particles might be due to the aggregation or
smaller particle overlap. The clusters of CSNPs are formed
by individual QDs separated through a thin, less electroni-
cally dense capping.

The CdS nanocrystallite biosynthesis displayed an optical
absorption band that peaked at 3–4 keV (Figure 5), which is
the typical absorption of metallic CdS nanocrystallites due
to the surface plasmon resonance [10, 46]. The derived
EDX spectrum also presented some peaks linked to the
cadmium and sulfur elements, with the atomic weight frac-
tion of the constituent elements reaching nearly 1 : 1 in the
biosynthesized forms. These results are in agreement with
those reported by El-Baz et al. [18].

3.7. Cytotoxicity Assay. Because of their distinctive proper-
ties, such as their tiny size, high surface-to-volume ratio,
and slow release abilities, nanoparticles are considered to
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possess enhanced cytotoxic potential [47]. To study the bio-
synthesized NP cytotoxicity, investigations against different
cancer cell lines have been performed.

Figures 6(a)–6(c) show the cytotoxic effects of theCdSNPs
against theMCF7, PC3, andA549 diseased cell lines of the cell
growth, as examined by the MB assay at different concentra-
tions (3.9, 7.8, 15.6, 31.25, 62.50, 125, 250, and 500μg/mL).
The inhibitory concentrations (IC50) of the CdSNPs were
recorded at 190μg·mL−1 against MCF7, 246μg·mL−1 against
PC3, and 149μg·mL−1 against A549 cells.

Similarly, the inhibitory concentration (IC50) of phyto-
mediated AgNPs was recorded at 60μg·mL−1 against MCF7
and 50μg·mL−1 against A549 cells [48], whereas Prasanna
et al. [49] reported 400mg of IC50 value against the MCF7
cancer cell line for the AuNPs which are prepared from the
leaf extract of Cassia auriculata.

Exposing human prostate carcinoma cell line PC3 cells to
a methanolic leaf extract of Cordia dichotoma (MECD)
increased the cell death significantly (p < 0:001, IC50 = 74:5
μg/mL) [50]. This cell death might have occurred due to (i)
the release of the interior cadmium ion (Cd+2) from CSNPs
into the cell media, causing cell death, and/or (ii) reactive
oxygen species (ROS) formation [51]. The release of
cadmium ions from CSNPs into cell media leads to the
surface oxidation of the CSNPs [52]. It has been postulated
that chalcogenide atoms (Se, S) located on the surface of
the Q-dots could be oxidized by oxygen molecules to form
oxides (SeO2, SO4

2-):

CdS + O2 ⟶ Cd2++SO4aqq1 ð1Þ

In the case of CSNPs, the formed SO4
2- molecules were
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released from the surface, leaving behind “dangling” reduced
Cd atoms [53]. Thus, prolonged CSNP exposure to an oxida-
tive environment can cause the decomposition of CSNPs,
thereby leading to the release of Cd ions.

3.8. Antimicrobial Properties. Since Klabunde and his
coworkers demonstrated that the reactive of metal oxide
nanoparticles displays strong antibacterial activity [54], there
has been great interest in exploring the use of inorganic
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nanoparticles as antibacterial materials. The distinguishing
characteristics of the inorganic nanoparticle materials have
higher surface-to-volume ratios and their nanoscale extent,
which enhance the combination with biological pathogens
[55]. Figure 7 shows the antimicrobial activity of CdNPs
against Bacillus subtilis, Staphylococcus aureus, Escherichia
coli, Proteus vulgaris, and Candida albicans. It could be
concluded that the CdNPs had a greater effect on the gram-
positive bacteria than on the gram-negative ones, as indi-
cated by the zone of inhibition (ZOI) values (Table 1), and
the CdNPs presented significant antibacterial effect against
all the examined bacterial pathogens. The lowest value is
16.0mm (for both Bacillus subtilis and P. vulgaris), which is
greater than the corresponding values given in many other
studies [56, 57].

The difference in microorganism susceptibility might be
attributed to the nature of the cell wall structure, which deter-
mines microorganism permeability. Lipopolysaccharides are
present on the outer membrane of gram-negative bacteria,
and they hinder the entrance of macromolecules and other
hydrophilic molecules. By contrast, lipopolysaccharides are
either present or absent in very minute quantities in gram-
positive bacteria. In addition, these bacteria possess multiple
peptidoglycan layers and negatively charged glycerin chains
(teichoic acid) in their cell wall. Cadmium might disrupt
the cell wall upon interaction with the negative charge of
the cell wall. Mubarak Ali et al. reported that NPs could also
affect the bacterial growth signaling pathway, thus interfering
with the cell viability [58]. No antimicrobial action against
Candida albicans was detected.

Candida albicans Escherichia coli

Staphylococcus aureus

Proteus vulgaris

Bacillus subtilis

Figure 7: Antimicrobial activity of the biosynthesized CdSNPs against Gr+ bacteria, Gr- bacteria, yeast, and fungi in comparison to
gentamycin and ketoconazole.

Table 1: Antimicrobial activity of the biosynthesized CdS nanoparticles against Gr+ bacteria, Gr- bacteria, yeast, and fungi in comparison to
gentamycin and ketoconazole.

Tested microorganisms
Antimicrobial activity inhibition zone (mm)

Sample Ketoconazole 100 μg/mL Gentamycin 4μg/mL

Candida albicans ATCC 10231 NA 20

Bacillus subtilis NRRL B-543 16 26

Staphylococcus aureus RCMB010010 25 24

Escherichia coli ATCC 25955 14 30

Proteus vulgaris ATCC 13315 16 25

RCMB: Regional Center for Mycology and Biotechnology.
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4. Conclusion

The results obtained from this study confirm that the
cadmium-tolerant Aspergillus niger could be considered as
an effective, low cost biological source for the biosynthesis of
cadmium sulfide nanoparticles. These nanoparticles have
antimicrobial and anticancer capabilities, and it could be a
powerful tool for other biotechnological applications such as
fluorescent microscopy and signal transduction. Also, 100%
of the CSNPs measure from 2.7 to 7.5 nm, showing typical
properties of QDs, such as emission spectra with a broad
fluorescence peak at 420 nm and UV absorption onset at
430nm. And these properties could favor its use in the
fabrication of semiconductors when compared with those
chemically synthesized.
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Data will be made available on request.
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