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INTRODUCTION

Cancer malignancies and infections are the leading causes
of death worldwide despite of the continuous improvements
in the medications for curing and preventing cancer. This might
be due to incessant evolution of antimicrobial resistance and
drug-resistant cancer cells, which cannot be cured by conven-
tional therapies [1]. Gold nanoparticles (AuNPs) with current
innovative technologies present fascinating aspects to over-
come the problems faced by conventional therapies [2-5]. The
study of AuNPs provide an insight into their potential appli-
cation related to size, electronic, magnetic, optical, assembly
of multiple types and surface functionalization properties that
are capable of producing quantum effects suitable for imaging,
catalysis, sensing [6], non-linear optical devices [7], electron
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microscopy markers [8], DNA sequencing [9], plasmonics for
chemotherapeutic drug delivery systems [10], photo-thermal
therapy, immuno-chromatographic detection of pathogen in
food and clinical specimen [11,12] and promote enormous
growth of medicinal field with high speed which revolutionize
the medicinal field. In fact, the size and the shape of AuNPs
can be modified by tuning the synthetic protocols that makes
them attractive for biomedical applications [13-16].

Reduction of gold solution using reducing agents [17-19],
thermally [20], electrochemically [21], sonochemical decom-
position [22], microwave assisted reduction [23] and green
chemistry or biosynthesis [24-27] are available methods for the
synthesis of AuNPs. Most commonly used is the wet chemical
or chemical reduction method due to their versatility and ease
for controlling size and shape [17-19]. Chemical reduction of



Au(III) derivatives such as aurochloric acid (HAuCl4) in water
to Au(0) using sodium citrate (Turkevich method) and sodium
borohydride (Brust-Schiffrin method, which is two-phase
synthesis) [28,29], hydroquinone reduction are more recently
used techniques [30-34]. Common oxidation states of gold
include +1 [Au(I) as aurous compounds) and +3 (Au(III) as
auric compounds] but AuNPs however, exist in a non-oxidized
state [Au(0)]. The ratio of gold salt to reducing agent, type of
reducing agent, the stirring rate, the order of addition of the
reagents, pH and temperature during the synthesis are the
crucial factors that results in different sizes and shapes of the
AuNPs [35,36].

Generally, AuNPs are easily produced in liquid chemical
methods where in once all Au ions are reduced to Au atoms,
the solution becomes supersaturated and leads to the formation
of clusters of Au atoms or nucleus. Gradually Au nucleus absorbs
further produced Au atoms, resulting in the growth until AuNPs
coagulate and start to aggregate with time [37-40]. This affects
the particles stability and dispersity very often limiting the shelf
life of the AuNPs [28,41-43]. Therefore, the use of functionali-
zing/stabilizing agents alter wide range of characteristics on
the surface, such as roughness [44], hydrophilicity [45], surface
charge [46], surface energy, biocompatibility [47] and reacti-
vity [48] by binding to the nanoparticles surface and prevents
once formed AuNPs from further aggregation. Moreover, it
has been demonstrated that AuNPs have strong binding affinity
to certain ligands having thiols [49], disulfides [50], amines
[51], nitriles, carboxylic acids, phosphine [52], porphyrins 1
[53], hyper branched polyethylenimine polymers [54] and
biomolecules that has led to an extensive research effort investi-
gating of biomedical applications.

Surface functionalization has been extensively studied and
characterized in the last few decades with ligands like alkyl
thiols and dialkyl disulphides which not only have greater
affinity toward metal Au surfaces but also results in sponta-
neous monolayer’s on Au substrates (self-assembled mono-
layers, SAMs) [51,55-58]. This is because gold-sulfur covalent
bond or van der Waals interactions [59] are strong enough to
facilitate the immobilization of thiol groups on the surface of
metals. Thus, chemisorption energy of sulphydryl (RS-H) groups
on Au or Au–S is found to be 126 kJ/mol and the energy of
gold-sulfur bond has been reported as 418 kJ mol–1 [60]. In
fact, addition of these alkyl thiols or dialkyl disulphides at the
initial step during the synthesis, assist the sulphur (R-S) atoms
to bind onto the surface of the nuclei and interact with the metal
ions in solution. This affects the reaction equilibrium, the rate
of particle nucleation and growth forming a stern layer on the
particles which prevents aggregation and stops further growth
[61-63]. Therefore hybrid nanomaterials obtained by thiol
ligand functionalization of AuNPs have been used as platforms
for building molecular recognition systems with both highly
selective recognition properties for biomolecules and photonics.

The present study aimed at synthesis of novel AuNPs at
the first stage through conventional Turkevich method modified
by Fren’s. Au-citrate shells are known to be weaker in nature
due to electrostatic interaction of 4-amino-3,5-dimercapto-
1,2,4-triazole ligand and surface. Thus, expecting to result in
dimercapto-triazole functionalized AuNPs (ADMT-AuNPs).

Further AuNPs and ADMT-AuNPs will be characterized by
various techniques and subjected to biomedical applications
like antibacterial and anticancer study on MCF-7 cell lines
both quantitatively and qualitatively. Expected and possible
bioactive conformations will be explored by molecular docking
study, which is an effective channeling tool for further struc-
tural modification and designing of novel, possible structural
model of ADMT-AuNPs.

EXPERIMENTAL

Gold chloride trihydrate (99.9 %, HAuCl4·3H2O), tri-
sodium citrate (99.5 %, Na3C6H5O7·2H2O), thiosemicarbazide,
carbon disulphide, pyridine, hydrazine hydride and 3-(4,5-
dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
were purchased from Sigma-Aldrich. For cell culture, culture
medium and fetal calf serum (FCS) were purchased from Hi-
Media, Mumbai, India and Invitrogen, USA. All other chemicals
were purchased either from HiMedia, Mumbai, India or SRL,
Mumbai, India. The bacterial strains were procured from the
Microbial Type Culture Collection, Institute of Microbial Tech-
nology, Chandigarh, India. The MCF-7 cell lines were obtained
from National Centre for Cell Science, Pune, India.

Synthesis of AuNPs: AuNPs were prepared by following
the Fren’s method [42]. An aqueous solution of HAuCl4 (0.25
mM, 200 mL) was allowed to boil vigorously to its boiling
point in an Erlenmeyer flask. Then 2 mL warm tri-sodium citrate
(0.189 M) solution was quickly added with continuous stirring
by means of magnetic flee, placed on a temperature controlled
hot plate. The AuNPs formation was monitored as the colour
changed from transparent light yellow to light red, scarlet or
deep burgundy colour and finally to the characteristic wine
red as all the Au ions were reduced. This mixture was boiled
for an additional 20 min and then the resulting sol was cooled
to room temperature with continuous stirring to enable complete
reaction, yielding citrate-capped AuNPs. The concentration
of the AuNPs was calculated using an established method and
was found to be an approximately 3.0 nmol/L [64] assuming
that all gold in the HAuCl4 has been reduced.

Synthesis of 4-amino-3,5-dimercapto-1,2,4-triazole
functionalized AuNPs (ADMT-AuNPs): 4-Amino-3,5-dimer-
capto-1,2,4-triazole (ADMT) was synthesized by using known
method [65]. 200 mL of HAuCl4 (0.25 mM) solution was added
to 30 mL of 0.001 M ADMT solution slowly drop by drop placed
on a temperature controlled hot plate with continuous stirring
by means of magnetic flee. Then an aliquot of 2 mL tri-sodium
citrate (0.189 M) solution was added to the boiling mixture.
After the addition of citrate solution to the reaction mixture,
the whole solution turns faint blue due to the interaction of func-
tionalizing groups with Au ions and nucleation of nanoparticles.
Then approximately after 70-75 s, blue colour suddenly changed
into a brilliant deep red, indicating the formation of the ADMT
functionalized AuNPs (ADMT-AuNPs). The heating was conti-
nued for 2 h to allow the complete exchange of the citrate mole-
cules with ligand molecules. Later the suspension was allowed
to stand for 24 h in dark before its use for further studies and
checked for aggregation.

Antibacterial studies: The agar disc diffusion method
was employed for the determination of antibacterial assay
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of the synthesized AuNPs and ADMT-AuNPs [66]. The Petri
plates containing media were solidified first and later incubated
overnight to confirm that the Petri plates are free from contami-
nation. These Petri plates were first inoculated with 0.1 mL
from 108 cfu/mL of the seven pathogenic bacteria Candida
albicans, Escherichia coli, Staphylococcus aureus, Bacillus
subtilis, Methicillin resistant Staphylococcus aureus, Listeria
monocytogenes and Salmonella typhi suspensions used as test
organisms that were spread on different plates nourished with
Muller Hinton agar media. Sterilized filter paper discs (5 mm
in diameter) were loaded with synthesized AuNPs and ADMT-
AuNPs (500 µg/disc) which were later impregnated on to disc
containing test organisms. The comparative stability of discs
containing gentamycin and nystatinin were analyzed simulta-
neously to evaluate their antibacterial susceptibility. Zones of
inhibition were measured using Himedia scale after 24 h of
incubation at 37 °C. All the experiments were performed in
triplicate and results were recorded as mean ± standard
deviation.

in vitro Study of dimercapto-triazole functionalized
AuNPs (ADMT-AuNPs): Cell viability was measured using
MTT (3-(4,5-dimethyl thazole-2-yl)-2,5-diphenyl tetrazolium
bromide) method [67]. The cell count was adjusted to 1.0 × 105

cells/mL using Dulbecco’s modified eagle medium (DMEM)
containing 10 % FBS. 200 µL of the diluted cell suspension
(an approximately 15,000 cells/well) was added to each well
of a 96 well micro titer plate. After 24 h, the supernatant was
removed and the monolayer was washed with DMEM medium.
Firstly 200 µL of increasing concentration of ADMT-AuNPs
(0.1, 0.5, 1.0, 5.0, 10 & 20 % v/v) from stock sol was added
and incubated for 24 and 48 h at 37 °C in 5 % CO2 atmosphere.
Later, 200 µL of 10 % MTT reagent was added to each well to
get a final concentration of 0.5 mg/mL and the plates were
gently shaken and incubated at 37 °C in 5 % CO2 atmosphere
for 24 and 48 h. The supernatant was removed and the resulting
blue coloured formazan product formed was dissolved in 100
µL dimethyl sulfoxide (DMSO) solvent. The absorbance was

measured using a micro plate reader at a wavelength 570 nm
and also at 630 nm. Cisplatin was used as the standard anti-
cancer drug for MCF-7 cell lines with an IC50 value of 25 µg/
mL. Each experiment was performed in triplicate with duplicate
plates. The percentage growth inhibition was calculated, after
subtracting the background and the blank. Concentration of
test drug needed to inhibit cell growth by 50 % (IC50) was
generated from the dose-response curve for the cell line.

in silico Analysis: in silico is an expression that needs
to be performed on computer or via computer simulation.
ChemDraw software was used to draw the possible structures
of ADMT-AuNPs. The 2D structures were then converted to a
3D structure data file, using the corina online 3D (3-Dimension)
conversion server (https://www.mn-am.com/online_demos/
corina_demo). Further, 3D structure of all compounds was
optimized for docking conformation study. Thus generated
three dimensional structure data files were used for molecular
docking and interaction studies with bacteria β-lactamase toho-
1 Escherichia coli-1iYS, S. aureus ligase (PDB ID: 1JIJ),
cancer FHA2 domain of RAD53 (PDB ID: 1K2N), EGFR
kinase domain (2j5f), Caspase-3 V266F (PDB ID: 5IAE) from
the Protein Data Bank (RCSB) (http://www.rcsb.org/pdb) to
study their antibacterial and anticancer activity. iGEMDOCKV2.1
software was used to study the protein-ligand nanoparticles
interactions for all possible docking simulations [68]. The
whole structure of the receptor was used for the molecular
docking studies of ligand S1 and ADMT-AuNPs S1 (a-d).
Further, the detailed interaction between best functional group
and its position with the target proteins were analyzed in 3D
visualization software PyMol  [69].

RESULTS AND DISCUSSION

UV-visible analysis: The intensity and peak position of
the LSPR (localized surface plasmon excitation) bands are
known to be related to the diameter, size, morphology, dielec-
tric properties and aspect ratio of metal nanoparticles [70].
Fig. 1a exhibits the colour of ADMT ligand solution, AuNPs

0.0

0.1

0.2

0.3

0.4

0.5

300 400 500 600 700 800
Wavelength (nm)

In
te

ns
ity

 AuNPs
 ADMT-AuNPs
 ADMT

(a) (b)

Fig. 1. (a) Colour for (i) ADMT, (ii) AuNPs and (iii) ADMT- AuNPs; (b) UV-visible spectra of ADMT, AuNPs and ADMT-AuNPs

Vol. 31, No. 12 (2019) Synthesis, Computational and Biological Evaluation of Substituted 1,2,4-Triazole Surface Functionalized AuNPs  2877



(wine red sol) and ADMT-AuNPs (deeper wine red sol). Fig.
1b infers that ADMT ligand has no absorption peak in the
visible region as it is a transluscent solution, whereas a strong
absorption peak at 520 nm was observed for AuNPs and 540
nm for ADMT-AuNPs. Thus the red-shift (shift to longer wave-
length region) of ADMT-AuNPs might be attributed to conju-
gation of ADMT ligand with AuNPs surface on functionali-
zation. Red-shift of absorbance peak and peak broadening also
indicate the larger average particle size of ADMT-AuNPs [71].
This confirms the functionalization of AuNPs to ADMT-
AuNPs.

Particle size analysis: The resonance wavelength and
bandwidth of nanoparticles are dependent on various factors
like particle size, saturation solubility, dissolution velocity,
physical stability and shape of nanoparticles, refractive indexof
the surrounding medium, zeta potential, phase purity and
mobility of the synthesized nanoparticles [72]. Zeta potential
is the key parameter that indicates the degree of electrostatic
repulsive forces present between similarly charged and adjacent
nanoparticles present in the sol. This assists in governing the
stability of synthesized AuNPs in a colloidal dispersion and
the results are shown in Fig. 2 (Table-1).

DLS measurements supported the results obtained from
UV-visible spectroscopy, yielding an average hydrodynamic
diameter of 20-22 nm for AuNPs and 50-55 nm for ADMT-
AuNPs. The big difference in size, zeta potential values, phase
purity and mobility of AuNPs and ADMT-AuNPs (Fig. 2a and
2b) suggests that AuNPs are capped by certain functional
groups present in the ADMT ligand. Tabulated values (Table-
1) confirmed the formation of negative charges on the surface
of AuNPs firstly by citrate that temporarily stabilizes AuNPs
[37] but later collapses slowly with time. The low negative values

of ADMT-AuNPs explains that it is highly stable compared to
AuNPs. ADMT ligand brings greater electrostatic repulsion
among AuNP surfaces leading to good phase purity and mobility
of the medium in turn, leading to long term stability thus
preventing aggregation.

XRD analysis: X-ray diffraction analysis (Fig. 3) gives
the information about morphology, phase formation and purity
of AuNPs and ADMT-AuNPs recorded in the range of 20 to
80° 2θ values.

The XRD pattern exhibited peaks at 2θ values of 37.04,
43.48, 64.54 and 72.95° that corresponds to the lattice planes
(111), (200), (220) and (311) respectively. The intensity and the
shape of the peaks are in good agreement with reference to
unit cell of face centered cubic (FCC) phase of metallic Au
nano crystals. All the peaks in the current XRD pattern matched
with JCPDS data (JCPDS-PDF NO. 01-1172). The average
size of AuNPs and ADMT-AuNPs were estimated using Debye-
Scherer equation D = 0.9λ/β cos θ, where D is the diameter of
the nanoparticles, β is the full width of half maxima (FWHM)
of the peak in radians, θ is the diffraction angle and λ is wave-
length of X-ray (1.540598 Å). The average size of the AuNPs
was found to be about 20-22 nm (Fig. 3a) and 50-55 nm (Fig.
3b) for ADMT-AuNPs. Thus, the XRD pattern clearly demons-
trates that they are highly crystalline in nature with less noise
ratio proves their purity which are in good agreement with
particle size analysis.

Scanning electron microscopy (SEM): A high resolution,
scanning electron microscope operating at low electron voltage
was used to photo image and characterize the surface of
the AuNPs and ADMT-AuNPs as shown in Fig. 4. On closer
inspection of the SEM images, it was observed that AuNPs
(Fig. 4a) are polydispersed and slightly agglomerated. But the
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TABLE-1 
MEAN PARTICLE SIZE DIAMETER AND ZETA POTENTIAL RESULTS OF AuNPs AND ADMT-AuNPs 

Parameters AuNPs ADMT-AuNPs 
Z-average (nm) 20-21 50-51 
Zeta potential (mV) -24.1 -20.0 
Zeta quality  Phase and distribution data is good Phase and distribution data meets the quality criteria 
Electrophoretic mobility (µm cm/Vs) -1.890 -1.565 
Mobility deviation (µm cm/Vs) 0.6626 0.3915 
Conductivity (mS/cm) 0.338 0.220 
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particle size of ADMT-AuNPs are almost uniformly distributed
and had cubic morphologies with merely round geometric
circles. The space existing between ADMT-AuNPs might be
due to steric repulsion of negative charges indicating the
formation of ADMT-AuNPs.

TEM analysis: The morphology and internal crystalline
structures of AuNPs and ADMT-AuNPs were studied by the
high resolution transmission electron microscope and the
selected area electron diffractions to find lattice planes of index
(HRTEM and SAED) as shown in Fig. 5.

TEM microphotographs showed that AuNPs (Fig. 5a) are
having particle size between 20-22 nm with some aggregation
while ADMT-AuNPs (Fig. 5b) showed monodispersed particle
size of 50-55 nm that seems to be cubic shaped without any
aggregation. Narrow distribution of size might be due to the
controlling of the uniform temperature distribution during the
synthesis of ADMT-AuNPs [73,74]. The selected area elec-
tron diffraction (SAED) pattern (Fig. 5c and 5d) of AuNPs
and ADMT-AuNPs showed four circular rings corresponding
to (1 1 1), (2 0 0), (2 2 0) and (3 1 1) lattice planes confirming
that they are highly crystalline in nature. The diffraction rings
agreed with the JCPDS data (JCPPDS-PDF NO. 01-1172) with
major indexing peaks (311). Thus (SAED) patterns confirmed
the presence of elementals AuNPs which are in good agreement
with the FCC crystallographic data results of XRD analysis.

FTIR analysis: In order to ensure the functionalization
of AuNPs, FTIR spectra have been recorded. FTIR spectra of
the triazole ligand was recorded and compared with AuNPs.
FTIR results clearly revealed the presence of thiol group in
the functionalized AuNPs. Thus the triazole plays an important
role in the functionalization and stabilization of AuNPs by
capping, which in turn prevents agglomeration.

The purified freeze dried powders of AuNPs were subjected
to FTIR analysis to confirm the capping of ADMT to AuNPs
(Fig. 6). In Fig. 6a, the broad band appearing at 3051.34 cm-1

can be assigned for the C-H stretching vibration, small stret-
ching band at 3276.29 corresponds to NH2 group, peak at
2360.28 cm-1 represents bending vibration of S-H (thiol) group,
peak at 1596.63 cm-1 may be due to the presence of C=N bond,
a sharp peak at 1287.20 cm-1 can be assigned to C-N bond,
weak peak at 1010.54 cm-1 is due to the N-N bond and the
broad peak at 1655.63 cm-1 may be due to the bending vibration
of N-H group of ADMT ligand. The IR spectrum of ADMT-
AuNPs (Fig. 6b) shows all the stretching and bending vibration
peaks similar to ADMT ligand, except the absence of a peak
at 2300 cm-1 range indicating S-H (thiol) group is involved in
functionalization of AuNPs resulting ADMT-AuNPs. Thus the
disappearance of S-H (thiol) group bending vibration and the
decrease in intensity of the other bands are attributed to func-
tionalization of AuNPs as ADMT-AuNPs.
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Antibacterial assays with minimum inhibitory concen-
tration: A significant deleterious effect on microbial growth
was observed between AuNPs and ADMT-AuNPs. Evaluated
antibacterial activity shows an important statistical difference
in the zone of inhibition (mm) for both Gram-positive and
Gram-negative micro-organisms (Table-2).

The antibacterial mechanism mainly depends on surface
groups and the intrinsic properties of the nanoparticles that
interact with bacterial species used for testing the assay. ADMT-
AuNPs imprinted discs were observed to get aggregated as
they come into contact with bacterial cells. Here the possible
mechanism would be predicted as ADMT-AuNPs may have
more ability to get penetrated into the bacterial cells and cause

cell damage, followed by death [75]. Secondly, the functional
groups of ADMT ligand that functionalizes AuNPs surface
might be capable of attaching to the bacterial membrane by
electrostatic interaction that causes cell wall distortions [76]
and disrupt its integrity resulting in increased antibacterial
activity compared to AuNPs.

in vitro Cytotoxicity test study of ADMT-AuNPs: In
this study, cytotoxicity of the synthesized ADMT-AuNPs were
evaluated by MTT assay using MCF-7 cell lines. Reduction
viability of the cell lines in a dose-dependent manner by ADMT-
AuNPs is shown in Fig. 7(a-h).

The results demonstrated that the exposure of ADMT-
AuNPs to MCF-7 cells alter morphology (an indication of

Fig. 5. TEM images of (a) AuNPs and (b) ADMT-AuNPs and SAD pattern of (c) AuNPs and (d) ADMT-AuNPs
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apoptosis) in the cancer cell lines which was assessed by staining
and morphological changes (Fig. 7a-h). After incubation for
24 h with ADMT-AuNPs, the cells became round in appea-
rance, exhibited nuclear condensation and significant nucleus
fragmentation indicating apoptosis. It was also observed that
apoptotic response of ADMT-AuNPs with MCF-7 cells increa-
sed at small dose which might be due to their higher solubility
(capping of polar groups of ADMT ligand) and higher diffusion
potential. The current study suggests that ADMT-AuNPs might
induce apoptosis to MCF-7 cells by p53, bax/bcl-2 and caspase-
3 as they are the common possible pathways for apoptosis
[77,78]. Thus ADMT capping of AuNPs ensures greater uptake
and retention by cancer cells.

Molecular docking: The molecular docking studies were
employed to gain an insight into the mechanisms, interactions
and to determine the contribution of site specific binding modes
of ADMT-AuNPs. Absorption, distribution, metabolism, excre-
tion and toxicity are the most important part of pharmacological
studies. As ligands that posess good pharmacological and drug-
likeness properties are very crucial for structure based drug
discovery. Also the lead functional groups of molecules (drugs)
and their interactions with cell proteins can be predicted by

TABLE-2 
ANTIBACTERIALACTIVITY OF AuNPs AND DIMERCAPTO-TRIAZOLE  

FUNCTIONALIZED (ADMT-AuNPs) (INHIBITION OF ZONE, mm) 

Test human pathogens AuNPs 500 µg/disc ADMT-AuNPs 500µg/disc Gentamicin 10 µg/disc Nystatin 100 µg/disc 
Candida albicans 17 ± 0.45 20 ± 0.15 ND 22 ± 0.65 
Escherichia coli  18 ± 0.57 21 ± 0.27 28 ± 0.45 ND 
Staphylococcus aureus 19 ± 0.64 22 ± 0.34 33 ± 0.69 ND 
Bacillus subtilis 28 ± 0.12 29 ± 0.23 31 ± 0.23 ND 
Methicillin resistant Staphylococcus aureus 11 ± 0.52 16 ± 0.57 32 ± 0.45 ND 
Listeria monocytogenes 09 ± 0.78 10 ± 0.80 31 ± 0.63 ND 
Salmonella typhi 10 ± 0.84 13 ± 0.86 30 ± 0.27 ND 

 

(a) Untreated (b) 20 µg/mL (c) 10 µg/mL (d) 5 µg/mL

(e) 1 µg/mL (f) 0.5 µg/mL (g) 0.1 µg/mL (h) Cisplatin 25 µg/mL

Fig. 7. Cytomorphological changes of MCF-7 cell line treated with colloidal AuNPs and ADMT-AuNPs

computational biology tools like molecular docking. The possible
coordinates of ligand orientations and positions having 2D
structure were converted to energy minimized 3D structures
that favoured to bind with AuNPs are shown in Fig. 8. Finally,
iGEMDOCK top ranking conformational structures of ADMT-
AuNPs were visualized and one hundred independent docking
runs were performed for each ADMT-AuNPs. The results of most
favourable free energy of H-bonding are given in Table-3.

Computational docking studies were used after experi-
mental measurements to further analyze the conformational
changes induced by ADMT moiety. Ligand ADMT normally
attaches to complementary charges on AuNPs and charged
residues on the surface of proteins. As binding energy plays a
vital role in docking studies, lowest binding energy compounds
are considered as potent components in drug discovery to treat
diseases. Thus, among the four possible conformations, S1a
has least binding energy i.e., -62.0388, -66.9393,-64.899 and
-65.8501 for 1iYS, 1JIJ, 2j5f and 1K2N PDB respectively.
The possible mechanism would be predicted as the ADMT
ligand moiety gets distributed on the AuNPs surface resulting
in increase of colloidal stability of zero valent ADMT-AuNPs
with enhanced steric repulsion from adsorbed surfactants and
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balanced by electrostatic forces. Surfactant molecules of
ADMT with functional groups oriented to the AuNPs surface
form a compact micellar layer. This layer might cause changes
of membrane potential and decrease ATP levels within the cell
and inhibit the binding of t-RNA with ribosomal subunit,
affecting translation [79]. Another possibility is that ADMT-
AuNPs can generate holes in the cell walls leading to leakage
of cell contents and later bind with the DNA inhibiting trans-
cription [80]. Thus, it is infered from the molecular modeling
and docking studies that ADMT-AuNPs effectively bind to
various protein binding sites that are crucial for mediating
controlled growth inhibition of bacterial pathogenesis and
cancer cell proliferation.

Conclusion

The ADMT-AuNPs have been successfully synthesized
by modified Fern’s method and were evaluated for antibacterial
and anti-cancer potential against MCF-7 cell lines. The binding
of ADMT to the surface of AuNPs at ambient temperature
results in considerable surface modifications of AuNPs that

result in ADMT-AuNPs. Interaction of ADMT on AuNP induces
tertiary structural changes as both thiol and amine functional
groups present in ADMT have affinity to AuNPs. The overall
synthesis and characterization of ADMT-AuNPs exhibited sizes
ranged between 20-22 nm (AuNPs) and 50-55 nm (ADMT-
AuNPs) with FCC structures. Moreover, ADMT-AuNPs not
only displayed excellent antibacterial property but also showed
highly capable and significant anticancer activity against MCF-
7 cell lines inducing cell cycle arrest and promote apoptosis.
As ADMT-AuNPs exhibited a notable effect on cell prolifera-
tion at low quantity, could be a potential candidate for further
in vivo study on cancer models. Docking models of ADMT-
AuNP possible structures and H-bonding results indicated that
they can easily reach the interior of proteins and chromophore
residue surfaces that are prone to be affected by their inter-
actions. Experimental and computational study results taken
together concluded that ADMT-AuNPs have certain advan-
tages like ease for applicability in large scale production,
economically feasible, eco-friendly and biocompatible. Thus
ADMT-AuNPs show major effects on structural tertiary for

S1 S1a S1b

S1c S1d

Fig. 8. Best and stable conformations of the synthesized ADMT as standard drug molecule and ADMT-AuNPs

TABLE-3 
DOCKING RESULTS OF AuNPs AND ADMT-AuNPs 

Compound name 1iYS (kcal/mol) 1JIJ (kcal/mol) 2j5f (kcal/mol) 1K2N (kcal/mol) 
S1 -60.8836 -63.1473 -60.2055 -62.1064 
S1a -62.0388 -66.9393 -64.899 -65.8501 
S1b -61.2417 -64.9534 -64.448 -62.8608 
S1c -61.5473 -63.1862 -61.3212 -61.5162 
S1d -61.6125 -65.6577 -63.0613 -62.1765 

Cisplatin – – -27.6801 -27.716 
Gentamycin -98.2932 -91.5345 – – 
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future drug delivery applications as well as hold a promising
future in the field of medicine and next generation of anti-
microbials and anticancer agents.
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