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ABSTRACT
The field of nanotechnology has recently witnessed spectacular advances in the methods of nanomaterial fabrication and utilizing their exotic 
physicochemical and optoelectronic properties. Nanoparticles exhibited “Brownian movement” in suspensions and the particle size distribution 
can be determined using scattering analysis. A. galanga derived AgNPs confirmed the particles size distribution about 169.9 nm. The zeta potential 
of the particles, however, strongly depends on the pH and the electrolyte concentration of the dispersion. Supporting the above statement, AgNPs 
dispersed in physiological saline was highly stable with a zeta potential value of −12.6 mV. Antimicrobial activity of biological compound was 
studied by agar well diffusion method, killing curve assay, DNA fragmentation analysis, SDS-PAGE and in silico interaction studies. 
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INTRODUCTION
Infectious diseases are the major public health concerns worldwide 
and accounts for considerably high cases of illness. Studies report that 
Bacillus cereus, Campylobacter jejuni, Escherichia coli, Salmonella, 
Shigella and Staphylococcus aureus are considered to be the most 

[1]frequent pathogens . According to the WHO more than 80 % of the 
world's population relies on traditional herbal medicine for their 

[2]primary health care . Plants continue to serve as possible sources for 
[3]new drugs and chemicals derived from various parts of plants . In the 

present era of drug development and discovery of newer drug 
molecules many plant products are evaluated on the basis of their 
traditional uses. Nanotechnology is one of the exciting fields with 

[4]many applications in the modern medicine . They are able to absorb 
or encapsulate a drug or a chemical thus protecting it against chemical 

[5]and enzymatic degradation . 

MATERIALS AND METHODS
Preparation of A. galanga Rhizome Extract:
The plant material (rhizome of A. galanga) was collected from the 
local market, Tiruchirapalli and was authenticated. The rhizomes were 
washed well on the running water to remove any possible impurities. It 
was shade dried for a week completely to remove the moisture, 
chopped into small pieces and ground well in mixer into a fine powder.

Preparation of Aqueous Extract:
5 g of prepared rhizome powder was weighed and mixed in 100 ml of 
deionized water to make it up to 5% concentration of aqueous extract 
was prepared. Then mixture was boiled in water bath for 10 minutes at 
60 °C. After that mixture is cooled at room temperature, the mixture 
was filtered by using Whitman filter paper. The filtered aqueous 
solution/extract was used for the further study.

Biosynthesis of Silver Nanoparticles:
The procedure followed for the preparation of the nanoparticles was 

[6]the protocol used by (Song and Kim 2009) . 5 ml of 5% prepared 
aqueous solution was added to 95 ml of aqueous silver nitrate 
(Qualigens – 99.8%) solution. The temperature effects on the synthesis 
rate and particle size/shape of the prepared silver nanoparticles were 
studied by reactions that take place in the water bath at 90 °C. The 
heated mixture of silver nanoparticle solution was then purified by 
repeated centrifugation at 10,000 rpm for 10 minutes. The supernatant 
was discarded and pellet was dispersed in deionised water. The activity 
of centrifugation and redispersion in sterile distilled water was done 
repeatedly for three times to make sure that there is a better separation 
of free entities from the metal nanoparticles.

CHARACTERIZATION OF SYNTHESIZED SILVER 
NANOPARTICLES:
UV- Visible Spectroscopy Analysis:
The preliminary characterization of the silver nanoparticles was 
carried out using UV-visible spectroscopy. Noble metals, such as silver 

(Ag) and gold (Au) nanoparticles exhibit unique and tuneable optical 
properties on account of their Surface Plasmon Resonance (SPR), 
depending upon shape, size and size distribution of the nanoparticles 
[7]. The reduction of silver ions was monitored by measuring the 
UV–visible spectra of the solutions after diluting a small aliquot (0.2 
mL) of the aqueous component. The nanoparticles solution was diluted 
to 20 times with deionized water to avoid errors due to high optical 
density of the solution. Deionised water was used as a blank.

FT-IR (Fourier Transform Infra-Red Spectroscopy) Analysis: 
FT-IR is most useful for identifying types of chemicals that are either 
organic or inorganic. It can be utilized to quantitative various 
components of an unknown mixture. It can be applied to the analysis of 
solids or liquids. The purified liquid of silver nanoparticles in the study 
was subjected to Fourier Transform Infra-Red spectroscopy analysis 
(FT-IR) for the analysis of functional groups encapsulated on the 
synthesized nanoparticles. 

These measurements were carried out on a Spectrum RX 1 model 
instrument in the diffuse reflectance mode at a resolution of 4 cm-1 in 
potassium bromide (KBr) pellets. For comparison, a drop of 5% A. 
galanga was mixed with KBr powder and pelletized after drying 
properly. The pellets were later subjected to FTIR spectroscopy 
measurement and the spectra were recorded in the 4000- 400 nm-1

 range.Transmission Electron Microscopy (TEM) Analysis:
Silver nanoparticle Samples for Transmission Electron Microscopy 
(TEM) analysis were prepared by drop-coating Ag nanoparticle 
solutions onto carbon-coated copper TEM grids. The films on the TEM 
grids were allowed to stand for 2 min, following which the extra 
solution was removed using a blotting paper and the grid was allowed 
to dry, prior to measurement. TEM measurements were performed on a 
Tecnai 10 Model instrument operated at an accelerating voltage at 80 
kV to determine the shape and size of the silver nanoparticles.

Scanning Electron Microscope:
25µl of sample was sputter coated on gold stub and the images of 
nanoparticles were studied using Scanning Electron Microscope 
(SEM).

ANTIMICROBIAL ACTIVITY
Test-Microorganisms: Gram negative Klebsiella pneumoniae and 
Pseudomonas aeruginosa, Gram positive Staphylococcus aureus and 
Bacillus subtilis and a yeast pathogen Candida albicans were used for 
in vitro antimicrobial activity.

In Vitro Antimicrobial Activity:
[8]The antimicrobial activity was determined by agar well diffusion . 25 

ml of molten Mueller Hinton Agar was poured into a Petri plate 
(Himedia, Mumbai, India). The plates were allowed to solidify, after 
which 18 h grown 100 µl of above said pathogenic microorganisms 

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Biotechnology

International Journal of Scientific Research 7

Volume-8 | Issue-8 | August - 2019 | PRINT ISSN No. 2277 - 8179



8 International Journal of Scientific Research

cultures were transferred onto plate and made culture lawn by using 
sterile L-rod spreader. After 5 min 5 wells were made in the plates with 
the help of a cork-borer (5 mm). The test samples were dissolved in 
DMSO at various concentrations (i.e. 50, 100, 150 and 200µg/mL). 
The wells were loaded with various concentrations of test samples and 
commercial drug Streptomycin served as control. The plates were 
incubated at 37°C for 24 h. The antimicrobial activity was determined 
by measuring the diameter of the zone of inhibition around the well.

Time to Kill Assay:
The bacteriostatic and minimum bactericidal concentration (MBC) 
effects of the sample were determined by a time-kill assay (CLSI, 
1997). S. aureus culture was grown overnight at 37°C in MHB with 
aeration and then diluted into fresh MHB with aeration until the 

6cultures reached ~10  CFU/mL. 

At this point, 2 mL aliquots of culture were removed, and sample was 
added at one, two, four and eight times the MIC, respectively, as well as 
the cultures was further incubated at 37°C with aeration. Samples of 
100 µL each was withdrawn from the cultures at 0, 1, 4, 8 and 24 h and 
was serially diluted in cold 0.9% sodium chloride, and plated in 
duplicate on MHA plates. The plates were incubated for 24 h at 37°C, 
and the colonies on each plate were counted. The CFU per mL was 
calculated for each time interval at every purified molecule's 
concentration. The percentage of bacteria killed was determined by the 
following equation: 100 × (log10 CFU per milliliter killed at end of 
incubation period with purified molecule)/ (log10 CFU per milliliter at 
end of incubation period without purified molecule). In this study, 
killing was defined as ≥99.9% of the final inoculum as 100% or total 
killing.

DNA Fragmentation Assay:
For DNA fragmentation detection in S. aureus treated with sample 
concentration of 500 µg/mL in a broth culture for 24 h and then were 
centrifuged at 3000 rpm for 5 min. Cells were washed twice with 
phosphate buffered saline, pelleted, and incubated in 200 μL of lysis 
buffer containing 10 mM Tris–HCl and 10 mM EDTA (pH 8.0), 5% 
SDS, and 1 mg/mL proteinase K) for 1 h at 55°C and treated with 0.5 
mg/mL RNase. DNA was extracted with phenol/chloroform/isoamyl 
alcohol (25:24:1 v/v) and precipitated with 100 μL ammonium acetate 
of 7.5 M and 3 volumes of absolute ethanol. S. aureus without any drug 
treated DNA sample served as control. DNA fragmentation was 
analyzed by agarose gel electrophoresis for 1.5 h at 50 V on a 1% 
agarose gel containing ethidium bromide, then observed and 
photographed under UV light.

Protein Synthesis Inhibition Assay:
The detection of protein synthesis inhibition was examined in the S. 
aureus treated with sample concentration of 500 µg/mL in a broth 
culture for 24 h and then were centrifuged at 3000 rpm for 5 min. Cells 
were homogenized in cold 50 mM phosphate buffer pH (7.4) and 
centrifuged at 10,000 rpm for 15 min. The resultant supernatant was 
collected and 85% ammonium sulphate was added and kept for 
overnight at 4°C. Salt precipitant was obtained by centrifugation at 
10,000 rpm for 15 min at 4°C. The precipitant was dialyzed on 50 mM 
phosphate buffer overnight. Dialyzed sample was analyzed in 10% 
SDS-PAGE.    

GC-MS/MS Analysis:
GC-MS analysis was performed using an ITQ900 Thermo Fisher 
Instrument, Holy cross College, Trichy. The machine was run with 
fused silica capillary column. Helium gas (99.999%) was used as the 
carrier gas at constant flow rate 1ml/min and an injection volume of 1μl 
was employed. Injector temperature was set at 250°C and the ion-
source temperature as 280°C. 

The oven temperature was programmed from 110°C (isothermal for 2 
min.), with an increase of 10°C/min, to 200°C, then 5°C/min to 280°C, 
ending with a 9min isothermal at 280°C. Interpretation on mass 
spectrum GC-MS was conducted using the database of National 
Institute Standard and Technology (NIST). 

IN SILICO STUDIES
Protein Data Bank (PDB):
PDB has been operated by the Worldwide Protein Data Bank. 
Collaboration of organizations that act as deposition, data processing 
and distribution centers for PDB data. The three dimensional structure 
of Autolysin (PDB ID: 2B0P) was obtained from protein data bank.

Receptor Preparation:
The ligands and crystallographic water molecules were removed from 
the protein, and the chemistry of the protein was corrected for missing 
hydrogen. Crystallographic disorders and unfilled valence atoms were 
corrected using alternate conformations and valence monitor options. 
Following the above steps of presentation, the protein was subjected to 
energy minimization using the CHARMM force field.

Active Site Analysis:
The active site is usually a big pocket or cleft surrounded by amino acid 
and other side chains at the surface of the enzyme, these residues 
responsible for the substrate specificity and catalytic residues which 
often act as proton donors or acceptors. Identification and 
characterization of binding sites is key process of drug design. Active 
site residues of Autolysin were predicted using the option in Discovery 
studio.

Ligand Preparation:
The three dimensional structures of phytocompounds were drawn by 
Chemsketch software and saved in .mdl format to download in 
Discovery studio 2.1. Hydrogen bonds were added and the energy was 
minimized using CHARMM force field. Lipinski's properties like 
molecular weight, log P and number of Hydrogen-bond donors and 
acceptors for the active principles were noted. 

Docking – Discovery Studio:
The docking analysis was carried out by using discovery studio 2.1. It 
makes easier to examine the properties of large and small molecules.  
DS unites powerful algorithm for flexible docking, protein ionization 
and ligand scoring. The receptor and ligand prepared was docked using 
this software to find the receptor-ligand interaction. The presence of 
hydrogen bond and other interactions were found for the best pose of 
interaction with high absolute energy and Libdock score.

RESULTS
Change in color of the solution (white to brown) indicates that the 
rhizome extract of Alpinia galanga has the potential to reduce silver 
nitrate ions to silver nanoparticles. The color change is due to the 

[9]excitation of Surface Plasmon vibration in nanoparticles . Dark 
brown color was noticed when the solution was incubated at 90ºC and 
hence 90ºC was used for further analysis. The reduction of silver ions 
was monitored by measuring the UV-Visible Spectrum of the reaction 
medium after diluting in double distilled water. Biologically 
synthesized nanoparticles at various temperatures indicated an 
absorbance peak at 30ºC - 379 nm, 60ºC – 417 nm and at 90ºC – 437 nm 
respectively. 

Fig 1: Color changes of Silver nanoparticles synthesized from A. 
galanga rhizome

Fig 2: UV-Vis spectroscopy reading of synthesized SNPs

The FTIR spectrum of silver nanoparticles synthesized using Alpinia 
-1galanga at various temperatures shows peaks at 3433.78 cm , 2369.89 

-1 -1 -1 -1cm , 2080.65 cm , 1637.31 cm  and 674.85 cm . The phenols, 
alkenes, amines, alkynes and alkyl halides functional groups was 
found significantly with biosynthesized silver nanoparticles from A. 
galanga was confirmed.
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Fig 3: FT-IR reading of synthesized SNP

The aqueous extract treated with silver nitrate solution expressed the 
synthesis of silver nanoparticles and the size of the particles was 
confirmed by the TEM. The images were recorded from drop coated 
film of the silver nanoparticles, which were synthesized by treating 
silver nitrate solution with aqueous extract of A. galanga. The images 
showed broad size distribution of particle size ranges about 26.55nm 
around 500 nm.

Fig 4: TEM image of biologically synthesized SNPs using Alpinia 
galanga

According to the results observed in the UV-Vis spectroscopy, the 
temperature at which the maximum synthesis has been achieved was 
taken for the structural characterization using SEM. The analysis was 
done for understanding the topology and size of the AgNPs. Most of 
the particles were rods and cubes.

Fig 5: SEM image of biologically synthesized SNPs using Alpinia 
galanga

Zeta potential of the synthesized nanoparticles has been investigated. 
Zeta potential values reveal details about the surface charge and 
stability of the synthesized metal nanoparticles. Zeta potential value is 
– 12.6, which show that surface charge is negative and this reveals that 
the synthesized nanoparticle is stable.

Fig 6: Zeta potential of the synthesized silver nanoparticle

National Nanotechnology Initiative (NNI) defines nanotechnology in 
dimensions of roughly 1 to 100 nanometers (nm) but in broader range it 
can be extended up to 1000 nm. Particles that fall within this range 
appear to be optimal for achieving a number of important tasks. The 
particle size of the synthesized nanoparticle is found to be 169.9.

Fig 7: Particle size of the synthesized silver nanoparticle

ANTIMICROBIAL ACTIVITY
The antimicrobial activity profile of test sample is given in Table 1. 
Among the test bacterial pathogen, S. aureus is most susceptible 
bacteria and it was taken for the further analysis. 50g/mL test sample 
showed activity against S. aureus, which is comparatively high in other 
organisms. 

Table 1: Antimicrobial activity of given test sample

Fig 8: Antimicrobial activity of test sample

Killing Curve Assay:
The bacteriostatic and bactericidal activity of the test sample was 
determined by a time-kill assay. A time-kill study of S. aureus showed 
time- and concentration-dependent killing with a 99% decrease in 
bacterial viability within 8 h at test sample concentration four times 
greater than the MIC and complete killing within 4 h at concentration 
eight times greater than the MIC. Bactericidal activity was observed at 
24, 8, and 4 h at 1× and 2× 4× and 8× the MIC, respectively. 

Fig 9: Time-kill assay of the test sample
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DNA Fragmentation Assay:
DNA cleavation assay revealed that there was no change in the 
genomic DNA of test sample treated S. aureus.

Fig 10: DNA cleavation assay of test sample against S. aureus

Protein Synthesis Inhibition Assay:
In the point of protein inhibition assay the number of protein band is 
less number in test sample treated S. aureus than the untreated control 
bacterial cell protein. In addition the protein concentration was very 
faint in treated cell protein.

Fig 11: SDS PAGE analysis of S. aureus treated with test sample

GC-MS/MS Analysis:
Various phyto-chemical compounds were observed in GC-MS/MS 
analysis. Highest peak was observed as 25.67 and the compound held 
at the highest peak was observed to be 6-(3, 5-Dimethyl-furan-2yl)-6-
methyl-hept-3-en-2-0ne.

Fig 12: GC-MS/MS analysis of A. galanga

IN SILICO INTERACTION STUDIES:
The docking analysis performed to identify the stable interaction 
between the receptor and the ligand is represented in Fig: 15. The 
interaction between DMF present in the A. galanga extract with the 
cell division enhancing protein Autolysin present in S. aureus resulted 
in a stable interaction between them. The interaction was between the 
Asn 303 and Tyr 211 amino acid residues of the receptor which are the 
active sites of the receptor with the ligand and the bond length was 
found to be more than 2 indicating the stability of the interaction with 
high Libdock score and absolute energy.

Fig 13: Compound 6-(3, 5-Dimethyl-furan-2yl)-6-methyl-hept-3-
en-2-0ne docked with Autolysin receptor

SUMMARY AND CONCLUSION
This study demonstrates antimicrobial activity of A. galanga derived 
AgNPs against Gram negative Klebsiella pneumoniae and 
Pseudomonas aeruginosa, Gram positive Staphylococcus aureus and 
Bacillus subtilis and a yeast pathogen Candida albicans. The 
maximum peak at 437nm range confirmed the synthesis of silver 
nanoparticles by their surface plasmon resonance vibration in the 
aqueous extract. With reference to the FTIR analysis, the phenols, 
alkenes, amines, alkynes and alkyl halides functional groups was 
found significantly with biosynthesized silver nanoparticles from A. 
galanga was confirmed. Scanning Electron Microscopy elucidated the 
structure of polydispersed rods and cubical AgNPs in which the 
average particle size was confirmed to be 26nm in Transmission 
Electron Microscopy. 

Zeta potential and particle size analysis shows that the synthesized 
nanoparticles are stable and the size is below 200nm. Among the test 
bacterial pathogen, S. aureus is most susceptible bacteria and it was 
taken for the further analysis. 50g/mL test sample showed activity 
against S. aureus, which is comparatively high in other organisms. 
DNA cleavation assay revealed that there was no change in the 
genomic DNA of test sample treated S. aureus but in the point of 
protein inhibition assay the number of protein band is less number in 
test sample treated S. aureus than the untreated control bacterial cell 
protein. In addition the protein concentration was very faint in treated 
cell protein. Thus the present study confirms the ability of the test plant 
for having the active compounds to synthesize of silver nanoparticles 
using biomimetic method and exploring antimicrobial activity.
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