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Abstract
Bioinorganic chemistry has achieved great importance by considering environmental and health issues.
Here we present anticancer, antioxidant, good protein quencher single pot biosynthesized one
dimensional palladium Nanoneedles (PdNNs) as a negative catalyst, where water plays a role of safer
solvent. Needle-shaped one-dimensional PdNNs was synthesized using �lamentous fungal stain of
Aspergillus oryzae (biomass) was successively applied as a suppressant for the growth of human breast,
colon and leukemia cancer Cell Lines. Quenching process of bovine serum albumin by PdNNs was
spontaneous with hydrogen bonding and hydrophilic interaction. Interaction of protein and PdNNs
showed binding constant in the range of 104 M-1 and one binding site. Forster's resonance energy transfer
(FRET) theory applied to �nd out distance between the interaction of PdNNs and protein, where critical
distance and energy transfer distance varies with change in concentrations of PdNNs 4.84 x 10−6 M to
9.69 x 10-7 M from 2.9 to 3.7 nm and 3.2 to 5.4 nm respectively. Radical scavenging method was applied
to �nd out an antioxidant activity which of nanoneedles. Needle-shaped palladium nanoparticles and
particle size found to be    3.0 nm using high-resolution transmission electron microscopes.

1. Introduction
Following all twelve green chemistry principles in chemical research is a di�cult task. Which directly or
indirectly correlated to human health, environment pollution, reduce or eliminate the use and generation
of hazardous substances [1]. Therefore, a scientist tries to follow maximum green chemistry principles
within the respective research area to avoid health and environmental hazards. Where green synthesized
metal nanoparticles took great important due to unique chemical, optical, electronic, magnetic properties
of metal nanoparticles [2], easy availability of bio-material and non-toxic reactant/product, while the
whole process required less energy to synthesize such nanoparticle [3–5]. Recently our research group
presented gold nanoparticles as an invisible barcode and its application [6, 7]. A literature survey
indicates a different type of biomaterials were used for the nanoparticles synthesis as follows proteins
[8], membranes [9], plant leaves [10], plant extracts [10] and whole cells of bacteria [11, 12], fungi [12],
yeast [12] and algae [13]. When we consider properties of nanoparticles, the viability of large surface area
for the reaction is a most important property, which categorizes them in the catalytic application.
Depending on catalytic behavior in reactions catalyst categories in two types: the �rst is the positive
catalyst, which increases the rate of reaction and second is the negative catalyst that suppressed the rate
of reaction. Various metals and its composite was use for catalytic activities such as Co-N doped carbon
[14], Ruthenium supported on ZIF-67 [15], cobalt [16, 17], Fe-doped CoP [1], and Pd [19–21]. While Pd
nanoparticles used as catalyst in heck reaction [22] represents multistep synthesis root, requires massive
energy, such as vacuum, pressure and toxic chemicals [3]. As well as palladium is well known for its
catalytic activity as oxidative convertor of glycerol [23], as automotive catalyst [24], oil re�ning process
[25], polyester manufacturing [26] and bacterial reduction of graphene oxide (GO) and Pd (II) salt
supported E. coli utilized for production of H2 and sodium formate [27]. Chemical synthesis of palladium
nanoparticles was used chemicals such as NH4OH [28], NaBH4[29, 30], SnCl2 [31] and bio-materials like
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cupriavidus necator and cupriavidus metallidurans [32], gardenia jasminoides [33], bark extract of
cinnamom zeylanicum [34], plectonema boryanum [2], desulfovibrio desulfuricans [35], shewanella
oneidensis [36], escherichiacoli [37], desulfovibrio fructosivorans [38], clostridium pasteurianum [39],
coffee [40] and tea [40] extract as a cost-effective method. Among that chemical synthesis method is
complicated, using harsh conditions and chemicals will show side-effect on human health. Hence simple
and non-toxic biosynthesis method for Pd nanoparticles synthesis is necessary for the catalytic
application.

Here we synthesize palladium nanoparticles using fungal stain of aspergillus oryzae which is non-toxic in
nature, as it was utilized in the food industry. China and East Asian Countries used aspergillus oryzae for
making soy sauce and bean paste from fermented soybeans. It also used in the making of alcoholic
beverages, such as huagjiu, sake, makgeojli and shochu. This indicates that aspergillus oryzae is shown
rapid growth, non-toxic in nature, easily availability, safe to handle in the laboratory and commercially
utilized for the fermentation process. Therefore, the fungal stain of aspergillus oryzae is selected for
PdNNs synthesis.

This article presents quick, simple, one pot green synthetic method for synthesis of palladium
nanoparticles (Scheme 1) using fungal stain of aspergillus oryzae in a safer solvent. Green synthesized
PdNNs shows good anticancer activity [41–43] with human breast adenocarcinoma cell lines MCF-7,
where it inhibits a growth of breast cancer cell lines. Interaction of PdNNs–BSA was studied at a various
temperature to calculated kinetic parameters like entropy (ΔS°), enthalpy (ΔH°) and free energy (ΔG°) and
also �nd out interaction distance between PdNNs–BSA using FRET theory. Good antioxidant activity of
PdNNs was observed using DPPH radical scavenging method.

2. Experimental Section

2.1 Materials and Methods
All chemicals used in this work were of analytical reagent grade. A laboratory strain of lyophilized
aspergillus oryzae obtained from National Collection Industrial Micro-organism (NCIM), Pune, India was
used for sterilization. BSA was purchased from Sigma Aldrich, India. Glassware’s were properly washed
with double distilled water and autoclaved at 121°C for about 20 min. Palladium chloride (PdCl2) was
purchased from s. d. �ne- chemical Limited.

2.2 Preparation of Aspergillus oryzae Stain
Aspergillus oryzae cultivated in solid media composed of sabouraud dextrose broth 30 g L− 1 and agar 20
g L− 1 was used for the growth of the fungal biomass, which was preserved by refrigerating at 4°C. The
starter culture was prepared by loop full inoculation of the cultivated fungus in 100 mL liquid medium
(without agar) which was followed by 48 hrs incubation at 25°C. The experimental culture was prepared
using 250 mL of liquid medium inoculated with 5 mL of the starter culture then stored for 25 days at
25°C. The growth media was then centrifuged at 7500 rpm for 30 min for separation of biomass and
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extract. The solid fungal biomass was used for sorption of metal from the environment by solid phase
extraction method and extract utilized for the synthesis of PdNNs. The working solution was preserved at
4°C.

2.3 Synthesis of Palladium Nanoneedles
Pd(II) stock solution was prepared by dissolving an appropriate amount (177.3 mg/100mL) of PdCl2in a
protic solvent. From above stock solution, 10 mM palladium solution was prepared. 25 ml (10 mM)
palladium solution was added in 965 mL of double distilled water followed by 10 ml reducing agent kept
on the magnetic stirrer. The reaction mixture was stirred on 700 rpm at 55°C temperature for reduction of
palladium ions to the nanoneedles, which was monitored by UV-Visible spectroscopy in the range of
200–800 nm on Lab UV 3000 plus double beam spectrophotometer. UV-Visible spectroscopy is a
technique which gives an idea about change in color whereas in the case of nanoneedles it gives a
probable idea about the reduction of metal ion to nanoneedles formation. The color of reaction mixture
changes from light yellow to dark brown which indicates the reduction of PdCl2 to PdNNs.

2.4 Separation of biosynthesized PdNNs from fungal stain
To separate PdNNs of approximately 2 to 25 nm in size from Aspergillus oryzae fungal stain, Solution
containing PdNNs was centrifuged at 11000 rpm for 30 min from larger clusters using research
centrifuge made by REMI ISO 9001:2000 certi�ed with a capacity of 17300 rpm. Centrifuged PdNNs were
settled down to the bottom due to applied of centrifugal as well as gravitational force. The settled
nanoneedles then re-suspended in a small amount of ethanol using ultra sonicator. Suspended
nanoneedles were dried at room temperature for avoiding agglomeration of particles. The PdNNs powder
was used for further study.

2.5 BSA binding experiments
All the experiments involving the interaction of the PdNNs with BSA were performed in phosphate buffer
(0.1M) medium. A stock solution of BSA was prepared by dissolving an appropriate amount of BSA in a
phosphate buffer medium and 1 hr. kept for stirring, which was then preserved in a refrigerator at 4°C in a
dark atmosphere and used within 2 h. The absorption spectra of the BSA in the absence and presence of
successive additions of the stock solution and the palladium complex were measured at 280 nm and
changes in the BSA absorption were recorded after each addition. The strong �uorescence response of
BSA provides a sensitive spectroscopic method to study the interaction with different molecules. The
�uorescence emission spectra were recorded in the wavelength range of 250–500 nm by exciting the BSA
at 278 nm, with the excitation and emission slit widths of 5 nm. Different concentrations of PdNNs (9.69
x 10− 7 M to 4.84 x 10− 6 M) were prepared by serial dilution of stock solution. All the solutions were
sonicated for 5 min and kept for incubation for 20 min then allowed to equilibrate for 10 min after each
addition. The �uorescence emission spectra were recorded at three different temperatures 293 K, 298 K,
and 310 K (Fig. S1 to S3 respectively).

2.6 Determination of synchronous �uorescence spectra
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In order to con�rm the binding sites of PdNNs to BSA molecules, the synchronous �uorescence spectra of
BSA solutions along with a gradual increase of PdNNs concentrations were collected in wavelength
ranges from 245 nm to 400 nm for Δλ = 15 nm (Fig. S4) (for tyrosine residues) and from 290 nm to 400
nm for Δλ = 60 nm (Fig. S5) (for tryptophan residues) respectively. Excitation and emission slit width was
set at 5.0 nm.

2.7 Effect of PdNNs on the conformation of BSA using CD
The spectra were recorded using JASCO, J-815 CD spectrometer and 1 cm path length quartz cell was
used. The measurements were taken in the UV region at the wavelength range of 200–260 nm with band
width of 5.0 nm for the concentration of plane BSA (6.25X10− 6 to 2.50X10− 5M).

2.8 In vitro anticancer study
The human cancer cell lines MCF-7, Colo-205 and K562 were propagated in RPMI1640 medium made up
of 10% fetal bovine serum, 2 mM L-glutamine at 37°C in 5% CO2 atmosphere, 95 % air and 100 % relative
humidity for 24 hrs. Sulforhodamine B dye (SRB) based in vitro cytotoxicity assay was performed to
compare anti-tumor effects of PdNNs and standard drug Adriamycin (ADR) against MCF-7, COLO-205
and K562 cell line using method reported in the literature [43]. MCF-7, COLO-205 and K562 cell lines were
maintained in RPMI1640 medium, 10% fetal bovine serum, 2 mM L-glutamine at 37°C in 5% CO2 and 95%

air atmosphere. Cells were inoculated into 96 well microtiter plates in 90 µl at plating densities 5 x 10− 3

cells/ml. Every drug was tested in 4 times in 4 wells at similar conditions. After incubating the cells in a
logarithmic phase with free ADR, different concentrations of PdNNs solution in different concentrations
(1.0 x 10− 7 M, 1.0 x 10− 6 M, 1.0 x 10− 5 M and 1.0 x 10− 4 M) were prepared by serial dilution of stock
solution, Sulforhodamine B dye 50 µl (0.4 % (w/v) in 1% acetic acid) was added to each well. After
incubation for 4 hrs, the percentage of cell viability was determined at 540 nm and 690 nm relative to
non-treated cells. To investigate the targeting ability of the MCF-7, Colo-205 and K562 cancer cells with
the addition of PdNNs and ADR, plates were incubated at standard conditions for 48 hours and the assay
was terminated by the addition of cold trichloroacetic acid (TCA). Cells were �xed in situ by the gentle
addition of 50 µl of cold 30% (w/v) TCA (�nal concentration, 10% TCA) and incubated for 60 min at 4°C.
The supernatant was discarded; the plates were washed �ve times with double distilled water and dried in
air. SRB solution (50 µl) at 0.4% (w/v) prepared in 1 % acetic acid was added to each of the wells, and
plates were incubated for 20 minutes at room temperature. After staining, the unbound dye was recovered
and the residual dye was removed by washing �ve times with 1% acetic acid. The plates were air dried.
The bound stain was subsequently eluted with 10 mM trizma base, and the absorbance was recorded on
an Elisa plate reader at a wavelength of 540 nm with 690 nm using as a reference wavelength.

2.9 DPPH radical scavenging activity method
The hydrogen atom or electron donation ability of the PdNNs was measured from the bleaching of the
purple colored methanol solution of 1,1-diphenyl-1-picrylhydrazyl (DPPH) [44]. Antioxidant activity of
PdNNs was determined by DPPH (2, 2-diphenyl-1-picrylhydrazyl) assay. A Stock solution of DPPH free
radical in ethanol (2.16 mg/50 ml) was prepared. 1 mL of various concentrations of the PdNNs (25, 50,
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75, 100 and 125 µg/ml) in ethanol was compared with the same concentration of L-ascorbic acid (AA)
was used as standards. Sample kept 30 min of incubation at room temperature in a dark atmosphere; the
absorbance was measured against blank at 517 nm. Percent of inhibition (I%) of free radical production
from DPPH by PdNNs and AA was calculated.

3. Result And Discussion
UV-Visible spectra of 0.5 mM palladium solution were reordered before and after synthesis of PdNNs
compared with plane aspergillus oryzae extract. PdNNs was synthesized within 1 hrs after addition of
aspergillus oryzae extract (Fig. 1a). The peak observed at 307 nm and 423 nm indicated the presence of
Pd2+ in palladium chloride solution [45]. One hour of stirring at 65˚C with aspergillus oryzae extract, peak
observed in palladium chloride solution at 307 nm was completely disappeared and a new absorption
peak was observed at about 410 nm instead of 423 nm, which indicated the formation of PdNNs [46].

The X-ray diffraction data was applied to determine the orientation of the crystallographic planes of
biosynthesized PdNNs. The re�ection pattern of the PdNNs for the untreated sample in the angle of the
2θ range is delineated in Fig. 1b, which shows following patterns: peak1 (110), peak2 (200), and peak3
(220) re�ections at 39.61, 46.11, and 67.43 respectively. Since h, k and l are always integers, we can
obtain h2 + k2 + l2 values by dividing the sin2θ values for the different XRD peaks with the minimum one
in the pattern. The h2 + k2 + l2 value sequence of the peak was 3, 4, 8 respectively which was in agreement
with the sequence of the Face-centered cubic pattern. These observations conclude that PdNNs were in a
Face-centered cubic lattice form [47]. Whereas the unit-cell parameters for patterns 3.9411 A0 were
calculated (using formulae presented in S1).

The morphology and size of the synthesized Nanoneedles were determined by TEM analysis. Typical
TEM images obtained for PdNNs showed Nanoneedles of average particle size 3.0 nm width (Fig. 2)
(calculated using ImageJ Software and respected value showed in Table S1). The data was supported by
EDAX analysis, where the peaks correspond to the binding energy at 2.83 keV con�rmed presence of Pd
in respected PdNNs sample (Fig. S6).

Interaction of PdNNs with BSA results in complex formation was studied by UV–visible, Fluorescence
spectroscopy and Circular dichroism spectroscopy (CD). BSA made up of tryptophan, tyrosine and
phenylalanine, which shows absorption peak at 280 nm in UV–visible spectroscopy (Fig. S7) [48]. When
BSA forming a complex with PdNNs at different concentrations absorption of complex get increased was
depicted in Fig. 3f.

Fluorescence spectroscopy was used to identify the quenching mechanism and the strength of the
interaction between BSA with PdNNs. Whereas quenching usually shows two types of mechanisms
(dynamic and static) depending on the way of interaction between BSA and quencher [49]. Interaction of
BSA and PdNNs was recorded by �uorescence spectroscopy with an increasing amount of PdNNs. It
indicates that the �uorescence intensity of BSA was inversely proportional to the increasing



Page 7/16

concentration of PdNNs. In order to explore the effect of the interaction of BSA, with the various
concentrations of PdNNs (9.69 x 10− 7 M to 4.84 x 10− 6 M), (Fig. 4a) the �uorescence quenching data at
different temperatures were analyzed by using Stern-Volmer equation (S2) [46]. The value of quenching
constant decreases with increasing temperature; this indicated that binding between PdNNs and BSA by
complex formation resulted in successful quenching. The value of kq was calculated by considering the
average lifetime of protein without the presence of quencher and its value was 10− 8s [50]. The maximum
scattering collision quenching constant of various quenchers with the biopolymer is 2 × 1010 L mol− 1 s− 1

which was reported in the literature [51]. In the present work, the quenching constant kq was in the order

of 1013 L mol− 1 s− 1 which clearly indicated that the interaction between BSA and PdNNs was accured
through a static quenching process [51]. Binding mechanism gives (S3) binding constant (K) between
BSA and PdNNs was found in the range of 104 M− 1 and number of binding sites (n) between BSA and
PdNNs was approximately equal to 1 delineated in Table S3. Which suggested that PdNNs can easily be
complex in protein as well as released in desired target areas and shows moderate a�nity [52, 53].

Inorganic molecules interact with BSA by various forces namely hydrogen bonding, electrostatic
interaction, van der waals interactions, hydrophilic, and hydrophobic interactions. Which was identi�es
using Van’t Hoff equation (S4) by evaluating the value of the change in entropy (ΔS°) and enthalpy (ΔH°)
for the binding reaction which further gives Gibbs free energy (ΔG°) showed in Table S4. The negative
value of free energy (ΔG°) showed that the binding process was spontaneous. In the BSA and PdNNs
interaction, the negative value of ∆S° (-274.832 Jmol− 1K− 1) indicates hydrophilic interaction. A negative
value of ∆H° (-109.295 KJmol− 1) indicated the hydrogen bonding between BSA and PdNNs [54].

The �uorescence of BSA was observed due to the presence of Tyrosine residues and Tryptophan
residues. Among this tryptophan is the most dominant �uorophore. Most of the metals were bind to one
of the active bind sites of protein present in BSA. To �nd out the binding site synchronous method is used
which gives conformational changes in protein molecules. When the difference (Δλ) between excitation
wavelength and the emission wavelength was at 15 nm and 60 nm where quenching of the �uorescence
intensity indicative of tyrosine and tryptophan residues respectively. The synchronous �uorescence
spectra of BSA solutions were recorded in the presence of Nano-sized PdNNs with the increasing
concentration by 10min ultra sonication and 20 min incubation treatments (Fig. S6, S7). The �uorescence
intensities of tryptophan, as well as tyrosine, reduces consistently by addition of PdNNs but during the
interaction, the emission wavelength of the tryptophan residues shows a blue shift with increasing
concentration of PdNNs. Whereas tyrosine does not show any conformational change in emission
wavelength by addition of PdNNs. It indicates that the interaction of PdNNs with protein affects the
conformation of a tryptophan residue. The synchronous measurements con�rmed the effective binding
of PdNNs with BSA. Hence the strong interaction of these complexes with BSA suggests that the PdNNs
may be suitable for anticancerous studies [55].

The CD spectra of BSA with and without PdNNs were measured and delineated in Fig. 3d, There were two
negative peaks observed in the CD spectra region at around 208 and 222 nm, which are the
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characteristics of α- the helical structure of the protein (BSA) [56]. Where MRE208 was the observed MRE
value at 208 nm, 4000 was the MRE of the β-form and random coil conformation cross at 208 nm,
whereas 33000 was the MRE value of α-helix at 208 nm. By using the equation (S5), the percentage of α -
helix of BSA was calculated. The percentage of helicity of BSA was decreased with increasing
concentration of PdNNs nanoparticles. The content of α-helix was decreased from 59.79 to 57.47% at
208 nm and 51.10 to 46.68% at 222 nm showed in Table S5. CD analysis con�rmed that the binding of
BSA with PdNNs alter the secondary structure of BSA.

According to Forster’s resonance energy transfer (FRET) theory, donor �uorophore in its excited state
transfers its energy to an acceptor molecule through the non-radiative dipole-dipole coupling, whereas the
donor-acceptor distance at which energy transfer is 50% e�cient is referred to as the critical distance
(R0). The e�ciency of this energy transfer can be used to estimate the distance (r) between the PdNNs
and �uorophore in the biomolecule [57, 58]. This energy transfer depends on the extent of overlap of the
emission spectrum of the donor with the absorption spectrum of the acceptor [59]. The values of R0 and r

were calculated from equation (S6) for concentrations from 4.84 x 10− 6 M to 9.69 x 10− 7 M varies to 2.9
to 3.7 nm and 3.2 to 5.4 nm respectively tabulated in Table S6. The shortest donor-acceptor distance
arises from FRET between a pair of donor and acceptor. The result showed that PdNNs were strong
quencher and they were situated at close proximity to the BSA �uorophore.

The bio-synthesized PdNNs were screened in vitro for anticancer activity against Human Breast Cancer
Cell Line MCF-7, COLO-205 and K562. First time we present needle shaped palladium nanoparticles was
applied for anticancer study respective literature tabulated in Table S7. The results were expressed in the
form of concentration that resulted in a 50% inhibition (IC50 values) whereas the well-known anticancer
agents Adriamycin were used for positive controls. GI50 Growth inhibition of 50% was calculated in

triplicate for different concentrations of PdNNs such as 10− 7, 10− 6, 10− 5 and 10− 4 M gives average
values (Table S8) for cancer cell line MCF-7, COLO-205 and K562 shows in Fig. 5a-c indicated that green
synthesized PdNNs showed positive activity against Human Breast Cancer Cell Line MCF-7, COLO-205
and K562.

The ability to trap free radicals is the main property of any antioxidant compound. Therefore, PdNNs has
studied for the potential bio-synthesized antioxidant agent. Antioxidant activity was estimated by using
the DPPH radical scavenging assay method, were AA consider as a standard antioxidizing agent with
which PdNNs property was compared. The DPPH has a half �elded electron con�guration so it has the
ability to accept an electron or hydrogen free radical. Exactly antioxidant property means odd electron
from DPPH forming a pair due to ‘H’ transfer from an antioxidant it results in decrease its absorbance
[58]. PdNNs showed antioxidant activity. The higher radical scavenging activity against DPPH (Fig. 6)
shows for the concentration of 125µg/ml as 53%.

4. Conclusion
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In summary, the present investigation is based on a bio-synthesis of needle-shaped PdNNs using fungal
biomass, economically favourable and simple. Needle-shaped one-dimensional palladium nanoparticles
synthesis carried out in a single pot. BSA and PdNNs are spontaneous hydrogen binding process showed
hydrophilic interaction revealed by emission studies. In quenching and binding process of PdNNs with
BSA conclude that nanoneedles is a static binder and quencher for BSA. Forster radii and overlap integral
values indicated the occurrence of an e�cient FRET process between the albumins and the PdNNs.
Conclusive antioxidant properties of bio-synthesized PdNNs showed anticancer activity against human
cancer Cell Lines, which suggested its future demand in the �eld of bio inorganic medicine. Further study
focus on reusability of palladium nanoparticles by synthesizing magnetic palladium nanoparticles.
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Figures

Figure 1

a) UV- Vis spectra recorded as a function of reaction time for the reaction of the 0.5mM PdCl2 solution
with Aspergillus oryzae fungal stain. b) XRD diffraction pattern of PdNNs.
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Figure 2

High resolution Transmission Electron Microscopy (HRTEM) of PdNNs.
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Figure 3

(a) Stern-Volmer plots for the quenching, (b) Double-logarithmic plot for the quenching of BSA by PdNNs
and C) Plot of lnK vs. 1/T of the interaction between BSA and green synthesized PdNNs at 393 K,398 K,
310 K. d) CD spectra of BSA with PdNNs.
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Figure 4

Overlap of the �uorescence spectra of BSA (T = 273 K) and the UV absorption spectrum of (a)
Fluorescence spectrum of BSA (4.84 x 10−6 M); (b) UV absorption spectrum of PdNNs and BSA complex
(4.84 x 10−6 M) c) overlap of the �uorescence spectra of BSA and the UV absorption spectrum (4.84 x
10−6 M to 9.69 x 10-7 M).

Figure 5

Percent control growth curve: Cancer Cell Line of green synthesized PdNNs and adriamycin a) MCF-7 b)
COLO-205 c) K562.
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Figure 6

DPPH radical scavenging assay method for antioxidant activity of PdNNs compared with standard AA.
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