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Abstract 

Gold nanoparticles have unique properties that make them applicable in different fields of science and 

technology. Thirty PGPR isolates were screened individually for their ability to synthesize gold 

nanoparticles which was denoted by color change from pale yellow to purple/red wine colour. Only ten 

were selected for further studies on the basis of maximum gold nanoparticles synthesis activity, which 

were further investigated for morphological and biochemical characters. PG-4 PGPR isolate showed 98% 

similarity with Bacillus thuringiensis strain KUDC1746, 16S ribosomal RNA, partial sequence. 

Phylogenetic analysis based on nucleotide sequences using NJ method show high boot strap value of 

87%. These gold nanoparticles were characterized by FTIR spectrum which showed the presence of the 

functional groups, XRD results confirmed that these nanoparticles were originally gold nanoparticles, 

Scanning electron microscope results confirmed that gold nanoparticles were spherical in nature and 

monodispersed along with some clusters. Antibacterial activity of biosynthesized gold nanoparticles was 

assessed against five pathogenic bacteria and maximum inhibiton was found against Agrobacterium 

tumefaciens under in vitro conditions. 

 

Keywords: Gold nanoparticles, PGPRs, Bacillus thuringiensis and antibacterial activity 

 

Introduction 

Plant growth promoting rhizobacteria (PGPR) are a group of bacteria that enhance plant 

growth and yield via various plant growth promoting substances. Rhizosphere is a site with 

complex interactions between the root and associated microorganisms and high microbial 

diversity. Plant growth-promoting rhizobacteria (PGPR) are free-living, root colonizing, soil-

borne bacteria exert phytostimulatory actions, when applied to seeds or crops by a 

combination of physiological attributes. Soil microorganisms play a very important role in 

maintaining soil health, ecosystem functions and crop productivity. PGPRs are known to 

participate in many important ecosystem processes, such as biological control of plant 

pathogens, nutrient cycling, and/or seedling growth. PGPRs are known to stimulate plant 

growth by a combination of physiological attributes such as asymbiotic nitrogen fixation 

phytohormones production namely indole-3-acetic acid (IAA), cytokinin, gibberellins 

solubilizing insoluble mineral phosphate and siderophore production. Though gold 

nanoparticles synthesis has been reported using various bacteria but potential of PGPRs to 

synthesize gold nanoparticles was worth exploring. Biologically inspired nanotechnology uses 

biological systems as the inspirations for new technologies and new nanotools relevant to 

biological or medical problems followed by refinement of the applications. The use of 

microorganisms to synthesize functional nanoparticles has been of great interest recently 

(Philip, 2009) [1]. The ability of microorganisms to change oxidation state of metals and their 

microbial processes has opened up new opportunity to explore novel applications such as 

biosynthesis of metal nanomaterials. In contrast to chemical and physical methods, microbial 

processes for synthesizing nanomaterials can be achieved in aqueous phase under gentle and 

environmentally benign conditions. 

Gold is one of rarest metals on earth and its importance has been known since antiquity. In 

addition to jewellery industry it has also found usages in diverse range of industrial 

applications covering the field of biology and medicine, environment and technology. Because 

of the increased demand of gold in form of nanoparticles, there is growing need for cost  
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effectiveness which leads to implemention of biological 

methods in development of gold nanoparticles (GNPs). The 

synthesis of gold nanoparticles of different sizes, ranging 

from >1 nm - <100 nm and of different shapes are required 

for various industrial applications using biological methods, 

usage of microorganisms such as bacteria and fungi in 

addition to plants, need to be explored. The properties of gold 

nanoparticles differ remarkably from bulk gold because of 

quantum size confinement imposed by nanosize. The 

electronic, magnetic and catalytic properties of gold 

nanoparticles depend mainly on their sizes and due to these 

unique properties, gold nanoparticles can be manipulated 

effectively and thus can be applied to many different 

applications across the fields of biology, medicine, 

environment and technology. The properties of bulk materials 

change at the nanolevel due to quantum effect. The optical, 

electrical, mechanical, magnetic and chemical properties can 

be systematically manipulated by adjusting the size, 

composition and shape of the nanoscale materials. Hence, the 

size of the particles or the scale of its feature is the most 

important quality of nanoparticles. Physical and chemical 

properties are size dependent at the nanoscale. Enzymes are 

macromolecular biological catalysts. Enzymes accelerate 

chemical reactions. Nitrate reductase is one of the enzymes 

responsible in the bioreduction of ionic gold. 

Identification of microbes including PGPRs is a very 

significant step and done morphologically and biochemically. 

Molecular characterization of bacteria is carried out using 16S 

rRNA gene technology. It provides a particular gene sequence 

using universal primer followed by bioinformatic analysis. 

Advances in computational biology and bioinformatics has 

been remarkable in the last few decades, that established large 

scale sequencing, structure and function determination, gene 

prediction, and specific landmarks on the genome as well as 

proteome analysis on strong foundations. There are various 

tools in bioinformatics and they are needed whenever sets of 

homologous sequences are compared and are essential 

precursors to numerous further analyses. Use of these tools in 

sequence alignment, phylogenetic studies and proteomics is 

being reviewed in the following sections: Multiple Sequence 

Alignment and Phylogenetic Tree Construction. 

Nanoparticles synthesized either biologically or chemically 

must be characterized in order to understand their intrinsic 

properties such as size, monodispersity, aqueous stability, net 

charge, adsorption to biomolecules, aggregation and 

flocculation in various media using Scanning electron 

microscopy (SEM), FTIR spectroscopy, X-Ray diffraction, 

Dynamic light scattering, UV-Vis spectroscopy. 

 

Materials and methods 

Procurement of plant growth promoting rhizobacteria. 

Thirty plant growth promoting rhizobacterial isolates viz, PG-

1, PG-2, PG-3,PG-4, PG-5, PG-6, PG-7,PG-8, PG-9, PG-10, 

PG-11, PG-12, PG-13, PG-14, PG-15, PG-16, PG-17, PG-18, 

PG-19, PG-20, PG-21, PG-22, PG-23, PG-24, PG-25, PG-26, 

PG-27, PG-28, PG-29 and PG-30 were procured from 

Microbiology Laboratory, Department of Basic Sciences Dr. 

Yashwant Singh Parmar University of Horticulture and 

Forestry Nauni Solan (H.P). These thirty bacterial isolates 

were used for carrying out the present study and were 

maintained using nutrient agar medium.  

 

 

 

Maintenance of plant growth promoting rhizobacteria on 

nutrient agar medium. 
Fresh and overnight culture of nutrient agar medium was 

prepared and sterilized. 15-20ml nutrient agar was poured in 

petriplates followed by solidification. Each bacterial culture 

was streaked and these plates were incubated at 37 oC for 24 

hrs for bacterial growth.  

 

Quantitative screening and selection of bacterial isolates 

for gold nanoparticles synthesis ability. 

Assessment of all thirty bacterial isolates for their ability to 

synthesize gold nanoparticles was carried out. 1% 

concentration of the inoculum (overnight culture) of each of 

the 30 bacterial isolates was inoculated into the 50 ml nutrient 

broth followed by incubation at 37 oC for 24-48 hrs at 50 rpm. 

The supernatant of each of the 30 bacterial cultures was 

collected by centrifugation at 10000 rpm for 10 minutes at 4 
oC (Cooling Centrifuge REMI CM-8 Plus) to investigate 

extracellular synthesis of gold nanoparticles using this 

supernatant. One litre of 1mM solution of gold chloride 

(HAuCl4) was prepared with double distilled water. Ten ml of 

each of these supernatant was mixed with 10 ml of 1mM 

solution of HAuCl4 and incubated at 37 oC for 24 hrs. 

Formation of gold nanoparticles was confirmed by colour 

change of the solution from light yellow to red wine/pinkish 

purple colour. This formation of gold nanoparticles was also 

confirmed by the Spectrophotometer (Spectronic 20, Milton 

Roy Company) wavelengths of 540nm. On the basis of this 

experiment, only ten bacterial isolates showing maximum 

extracellular gold nanoparticles synthesizing activity were 

selected.  

 

Morphological characterization and Biochemical 

characterization 

All the rhizobacterial isolates obtained in previous step were 

further studied for various morphological characters which 

included various colony and microscopic characters. The 

selected ten bacterial isolates were further examined for 

different biochemical reactions viz., malonate, Voges-

Proskauer, citrate, O-nitrophenyl-β-D-galactopyranoside 

(ONPG), nitrate reduction, catalase, arginine, sucrose, 

mannitol, glucose, arabinose and trehalose using Rapid 

KB009 HicarbohydrateTM Kit.  

 

Molecular characterization of selected rhizobacterial 

isolate. 
Total genomic DNA of selected isolate was extracted using 

Genomic DNA extraction kit-Mini (Real Genomics). One 

percent concentration of inoculum (overnight culture) was 

inoculated into the nutrient broth and incubated at 37 oC for 

24 hrs with 50 rpm. The supernatant was collected by 

centrifuging the culture broth at 8500 rpm, 4 oC for 15 

minutes to obtain extracellular synthesis of gold 

nanoparticles.  

 

In vitro biosynthesis of gold nanoparticles by the selected 

rhizobacterial isolate. 

Ten ml of supernatant was mixed in 10 ml of 1 mM solution 

of HAuCL4 (prepared with double distilled water) and 

incubated at 37 oC for 24 hrs. Formation of gold nanoparticles 

was confirmed by colour change of the solution from yellow 

to red wine or purple colour. This formation of gold 

nanoparticles was also confirmed by the Spectrophotometer 

(Spectronic 20, Milton Roy Company) at two different 

wavelengths of 540 and 560 nm.  
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Characterization of gold nanoparticles  

Gold nanoparticles synthesized by selected rhizobacterial 

isolate were analyzed using various techniques such as UV- 

visible spectroscopy, Fourier Transform Infrared 

Spectroscopy (FTIR), powder X-rays Diffractions (XRD), 

Scanning Electron Microscopy (SEM) and Dynamic Light 

Scattering (DLS).  

 

UV- visible spectroscopy 

Optical characteristics of the biosynthesized gold 

nanoparticles were analyzed using UV–Vis 

spectrophotometer. For this, gold nanoparticles solution was 

subjected to absorption analysis between 540–560 nm range 

using UV–Vis spectrophotometer (Perkin Elmer Lambda 2, 

USA). 

 

Fourier Transform Infrared Spectroscopy 

Microcup was washed with 100% absolute ethanol. 10 ul 

sample was filled in a 2 mm internal diameter microcup and 

loaded onto the FTIR set at 26 °C±1 °C. The samples were 

scanned in the range of 4,000 to 400 cm−1 using a Fourier 

transform infrared spectrometer (Thermo Nicolet Model 

6700, Waltham, MA, USA). The spectral data obtained were 

compared with the reference chart to identify the functional 

groups present in the sample. 

 

X-Ray Diffraction 
X-ray diffraction (Bruker, Karlsruhe, Germany) is one of the 

important technique for the structure characterization of the 

crystalline material. Prepared gold nanoparticles can be 

analyzed by this instrument using the lynx eye detector 

(silicon strip detector technology). 

 

Scanning electron microscope  
Samples were prepared for SEM analysis by separating the 

biomass from the liquor by centrifugation and washed twice 

in sterile distilled water. The samples were fixed for 1 hr in 

2.5% gluteraldehyde in 0.075 M phosphate buffer (pH 7.4), 

followed by 3 washes in 0.075 M phosphate buffer. After a 

second fixation step of 1 hr in 1% osmium tetroxide, the cells 

were washed in distilled water. The cell pellet was subjected 

to dehydration with 30, 50, 70% ethanol, followed by three 

dehydration steps in 100% ethanol. Infiltration of the resin 

was carried out by placing the pellet in 30% Quetol in ethanol 

for 1 hr, followed by 1 hr in 60% Quetol. After centrifugation, 

the pellet was resuspended in 100% Quetol for 4 hrs before 

polymerisation at 65 °C for 24 hrs. Ultrathin sections were not 

stsained prior to analysis, due to possible interference of the 

stain with the gold particles. SEM analyses were done on a 

JSM 6100. For SEM analysis of the cell-free extract, a drop of 

the sample was placed onto a carbon-coated copper grid. 

After about a minute, the extra solution was removed using 

blotting paper and the grid air-dried before analysis. 

Elemental analysis on single particles was carried out on an 

air-dried, carbon coated sample using an energy dispersive 

spectroscopy (EDS) attachment on a Jeol 6100 LV scanning 

electron microscope using the following instrument 

conditions: accelerating voltage of 20 keV and counting time 

of 100 secs. 

 

Dynamic Light Scattering (DLS)  
Dynamic light scattering (DLS) technique has been used to 

determine the size of particles by measuring the intensity of 

peaks which depends on the size distribution of particles. The 

detector was put into 90° position. Five drops of toluene were 

placed into the center hole of the XY-translation stage. 

Sample was placed in glass test tube into the center hole of 

the XY-translation stage. The sample was filled into test tube 

in a way so that the liquid fills ~75% of the test tube and 

spectra were taken using software. 

 

Applications of gold nanoparticles 

Antibacterial activity of gold nanoparticles preparations 

against bacterial pathogens 

Gold nanoparticles synthesized by selected bacterial strain 

were tested for their antibacterial activity against and gram 

Pectobacterium carotovorum, Ralstonia solanacearum, 

Xanthomonas axonopodis and Agrobacterium tumefaciens 

using agar well diffusion method.  

 

Result and Discussion 

Quantitative screening and selection of rhizobacterial 

isolates for gold nanoparticles synthesis ability. 
Quantitative screening of thirty rhizobacterial isolates for gold 

nanoparticles synthesizing ability was carried out using 1mM 

gold chloride solution. Biosynthesis of gold nanoparticles was 

confirmed by colour change of the solution from pale yellow 

to purple /red wine, which was further confirmed 

spectrophotometrically at 540 nm for the time period ranging 

from 0-72 hrs and it has been found that all thirty 

rhizobacterial isolates demonstrated gold nanoparticles 

synthesizing activity ranging from a minimum of 0.140 to a 

maximum of 0.998 (Fig.2). The rhizobacterial isolate PG-4 

showed maximum gold nanoparticles synthesizing ability 

after 36 hrs of incubation at 370C with an O.D value of 0.998 

at 540 nm followed by PG-6, PG-24, PG-7, PG-14, PG-13, 

PG-25, PG-26, PG-1 and PG-2 with O.D values of 0.906, 

0.871, 0.850, 0.714, 0.693, 0.528, 0.426, 0.187 and 0.172 

respectively. On the basis of this experiment, only ten 

rhizobacterial isolates viz; PG-1, PG-2, PG-4, PG-6, PG-7, 

PG-13, PG-14, PG-24, PG-25 and PG-26 showing maximum 

extracellular gold nanoparticles synthesizing activity were 

selected. 

However some authors have reported synthesis of gold 

nanoparticles by other bacteria such as Stentrophomonas 

maltophilia (Nangia et al., 2009) [2], Bacillus sp. (Birader and 

Lingappa, 2012) [3], Marinobacter Pelagius (Sharma et al., 

2012) [4], Klebsiella pneumonia (Malarkodi et al., 2013) [5] 

and Pseudomonas fluorescens 417 (Syed et al., 2016) [6]. 

 

Morphological characterization 
Ten gold nanoparticles synthesizing rhizobacterial isolates 

viz., PG-1, PG-2, PG-4, PG-6, PG-7, PG-13, PG-14, PG-24, 

PG-25 and PG-26 selected in the previous experiment were 

studied further for various morphological characteristics 

including colony descriptors and microscopic characters. 

Colony characteristics of all the selected ten rhizobacterial 

isolates showed significant variation for various 

morphological descriptors of colour, size, optical property and 

elevation of the colonies. Colour of colonies exhibited by was 

found to vary from white to creamish white. Size of the 

colonies varied from 1.4-3.5 mm. The forms of the ten 

rhizobacterial isolates were found to vary from circular to 

irregular. Only two rhizobacterial isolates were found to be 

flat whereas rest of eight gold nanoparticles synthesizing 

rhizobacterial isolates were found to have raised elevation 

(Table-1). 
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Microscopic characterization 
Selected ten gold nanoparticles synthesizing rhizobacterial 

isolates obtained were further investigated for various 

microscopic characters. Persual of Table-2 has shown that 

only 30.0% gold nanoparticles synthesizing rhizobacterial 

isolates were found to be pink in colour and thus gram 

negative in nature, whereas majority of 70.0% were found to 

be purple and thus gram positive in nature. Variation in shape 

was between showed cocci and rods. Only 10.0% of gold 

nanoparticles synthesizing rhizobacterial isolates possessed 

coccus shape whereas rest of the 90% were found to be rod 

shaped. Arrangement of cells produced variation from singles 

to chains only and majority of 20.0% gold nanoparticles 

synthesizing rhizobacteria were found to be in chains. Out of 

a total of ten gold nanoparticles synthesizing rhizobacterial 

isolates 70% isolates were found to be spore forming in nature 

(Fig.3, Table-2)  

 

Biochemical characterization  
The selected ten rhizobacterial isolates were further examined 

for different biochemical reactions these tests are viz. 

malonate, Voges-Proskauer, citrate, O-nitrophenyl-β-D-

galactopyranoside (ONPG), nitrate reduction, catalase, 

arginine, sucrose, mannitol, glucose, arabinose and trehalose 

tests using Rapid KB009 HicarbohydrateTM Kit. Five gold 

nanoparticles synthesizing rhizobacterial isolate tested 

positive whereas rest five tested negative for malonate test, all 

were negative for voges–proskauer, six bacterial isolate found 

positive for citrate test and O-nitrophenyl-β-D-

galactopyranoside (ONPG), nine were tested positive for 

catalase, five for arginine. Ten gold nanoparticles 

synthesizing rhizobacterial isolates showed variation to 

ferment different sugars viz., mannitol, sucrose, glucose, 

arabinose and trehalose. Mannitol and sucrose were fermented 

only by 30.0% gold nanoparticles synthesizing rhizobacterial 

isolates whereas glucose was fermented by 70.0% of the total 

gold nanoparticles synthesizing rhizobacterial isolates (Table-

3). It has been found that both arabinose and trehalose sugars 

were fermented by only 50.0% and 40% gold nanoparticles 

synthesizing bacterial isolates respectively. It was interesting 

to note that 70.0% rhizobacterial isolates were found to be 

spore former (Table-3) giving us an idea at that point that 

most of the gold nanoparticles synthesizing rhizobacterial 

isolates belong to genus Bacillus.Persual of literature did not 

show variation in morphological and biochemical characters 

with respect to gold nanoparticles synthesizing rhizobacteria, 

however one report by Kushwaha et al. (2015) [7] suggested 

that the colonies of Escherichia coli were found to be 

facultative anaerobe, motile, gram negative, nonspore 

forming. 

 

Molecular characterization 

Only one maximum gold nanoparticles synthesizing 

rhizobacterial isolate viz., PG-4 was selected and subjected to 

molecular characterization using 16S rrna gene technology. 

Total genomic DNA of the selected rhizobacterial isolate viz., 

PG-4 was extracted successfully using Genomic DNA 

extraction Mini kit (Real Genomics). Presence of DNA and its 

quality was checked using 1.0% agarose gel and then was 

viewed by UV trans-illuminator. After visual confirmation of 

DNA bands in the gel, photograph of the same gel was taken 

by gel documentation apparatus, AlphalmagerTM (Alpha 

Infotech Corporation, USA). The DNA samples extracted 

from selected isolate viz., PG-4 was selectively amplified 

using PCR technology. Universal primers for 16S rrna gene 

was used for the experiment. After 35 cycles of PCR 

amplification as described under section 3.8.2, universal 

primer for 16S rrna gene were able to successfully amplify 

16S rrna gene of selected rhizobacterial isolate and produced 

amplicons of expected size i.e. 1500 bp. The eluted and 

purified DNA of selected rhizobacterial isolate viz., PG-4 was 

sequenced. Further in silico analysis pertaining to the 

sequences, so obtained, was carried out using various 

bioinformatic tools available online. Analysis of 16S rrna 

gene of the selected isolate revealed the homology with 

various other 16S rrna gene sequences. BLASTn search of 

this sequence with the most similar 16S rrna gene sequences 

of the GenBank database (http://www.ncbi.nlm.nih.gov/blast) 

revealed the closest sequence identities from the sequence 

database. Characterization of the gold nanoparticles 

producing rhizobacterial isolate on basis of the 16S rrna gene 

technology revealed that selected bacterial isolate showed 

maximum similarity with Bacillus species.Thus the selected 

gold nanoparticle synthesizing PG-4 rhizobacterial isolate was 

identified as Bacillus thuringiensis strain PG-4. The 16S rrna 

gene sequence analysis of rhizobacterial isolate PG-4 

bacterial isolate, showed 98% similarity with Bacillus 

thuringinesis strain KUDC1746, 16S ribosomal RNA, partial 

sequence. Multiple sequence alignment of test nucleotide 

sequence of maximum gold nanoparticles synthesizing 

Bacillus thuringiensis strain PG-4 with that of the selected 

nucleotide sequences was performed using CLUSTAL W 

program (Higgins et al., 1994) available online at European 

Bioinformatics Institute (EBI) (http://www.ebi.ac.uk/). The 

procured rhizobacterial culture PG-4 was united with quite 

high statistical support by the bootstrap method estimates for 

1,000 replications and values inferred greater than 50 percent, 

only were presented. Phylogenetic tree also verified bacterial 

isolate PG-4 as Bacillus thuringinesis as it clustered closely 

with Bacillus thuringinesis strain KUDC1746, 16S rrna 

partial sequence. Similarly, 16S rrna gene technology along 

with in silico analysis have been successfully adopted in other 

studies to identify bacteria which reduce gold nanoparticles, 

Proteobacterium (Bains et al., 2003) [9]. 

 

In vitro biosynthesis of gold nanoparticles by Bacillus 

thuringiensis strain PG-4. 

Extracellular biosynthesis of gold nanoparticles by selected 

rhizobacterial isolate Bacillus thuringiensis strain PG-4 was 

carried out using the standardized and selected optimum 

conditions previously. 1% inoculum was used to inoculate 

nutrient broth containing 5.0 g/l peptone, beef extract 3.0 g/l, 

NaCl 5.0 g/l and pH:7.0 at 32 °C for 24 hrs of incubation. The 

culture supernatant was obtained by centrifugation at 8500 

rpm, 4 oC for 15 minutes which was used for synthesis of gold 

nanoparticles. Ten ml of supernatant was mixed in 10 ml of 

1mM gold chloride solution (prepared with double distilled 

water) and incubated at 37 oC for 36 hrs. Formation of gold 

nanoparticles was indicated by colour change of the solution 

from pale yellow to red wine colour (Fig.1). 

 

Characterization of gold nanoparticles 

Gold nanoparticles must be characterized in order to 

understand their intrinsic properties such as size, 

monodispersivity, aqueous stability, net charge, adsorption to 

biomolecules, aggregation and flocculation in various media. 

This provides vital information in terms of application of 

these nanoparticles. Nanoparticles obtained were analyzed 

using various techniques such as, Fourier transform infrared 

spectroscopy (FTIR), powder X-rays diffractions (XRD), 
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Scanning electron microscopy (SEM), UV- visible 

spectroscopy and Dynamic Light Scattering (DLS).  

 

UV- visible spectroscopy 
Optical characteristics of the biosynthesized gold 

nanoparticles were analyzed using UV–vis 

spectrophotometer. Addition of 1mM HAuCl4 to the 

supernatant of centrifuged aqueous solution led to the 

development of a dark wine solution after 36 hrs of reaction, 

indicating the formation of gold nanoparticles as shown in the 

UV-vis absorption spectrum. Ultraviolet spectroscopy 

confirmed the reduction of HAuCl4 to gold nanoparticles that 

can be identified from the peaks obtained between 540-560 

nm (Fig.4), which is the signature for the gold nanoparticle 

formation, apart from the color change. 

 

Fourier transforms infrared spectroscopy (FTIR) 

FTIR analysis of the reaction mixture has helped to 

understand the nature of the biomolecules involved in the 

formation of gold nanoparticles. FTIR spectrogram of the 

reaction mixture has showed the presence of two bands one at 

3650 cm-1 which can be assigned to O-H stretch of alcohols 

having strong intensity, second at 3100 which can be assigned 

to =C-H stetch of alkenes with medium intensity and another 

peak at 910cm-1 which can assigned to C-H bending of 

aromatic amino acid of protein involved in reduction of Au3+ 

to Auo (Fig.5). 

 

Powder X-ray diffraction 

XRD study reveals crystalline nature of gold nanoparticles. 

The XRD pattern clearly shows that extracellular synthesis of 

gold nanoparticles formed by the reduction of the gold 

chloride ions using Bacillus thuringiensis strain PG-4. Gold 

nanoparticles exhibited four prominent Bragg reflection at 

around 38.2, 44.7, 64.5, 78.5. The fraction between the 

intensity of the (200), (220), and (311) diffraction pattern 

much lower, suggesting that the plane (111) is predominant 

orientation (Fig.6). The XRD facets of the gold nanoparticles 

match with standard gold which was published by JCPDS 

(file no 04-0784). 

 

Dynamic Light Scattering (DLS) 
Dynamic light scattering (DLS) technique has been used to 

determine the hydrodynamic diameter of the particles by 

measuring the intensity of peaks which depends on the size 

distribution of particles in aqueous phase. DLS analysis 

revealed that size distribution of gold nanoparticles in the 

range of 40-60 nm (Fig.7). 

 

Scanning electron microscope 

The gold nanoparticles synthesized by Bacillus thuringiensis 

strain PG-4 was examined with scanning electron microscopy 

to confirm the morphology of synthesized gold nanoparticles. 

Scanning electron microscope revealed that gold 

nanoparticles were spherical in nature, monodispersed and in 

clusters also (Fig.7). 

In the present study extracellularly synthesized gold 

nanoparticles by Bacillus thuringiensis strain PG-4 are 

spherical in shape, arranged in monodispersed form with the 

diameter in the range 40-60 nm and XRD facets of these gold 

nanoparticles matched with standard gold nanoparticles by 

JCPDS. However (Li Jiulong et al., 2016) [10] reported size of 

gold nanoparticles produced by Deinococcus radiodurans to 

be 100 nm in size. However some authors have reported 

characterization of gold nanoparticles by other bacteria such 

as Bacillus sp. (Birader and Lingappa, 2012) [3] and 

Pseudomonas fluorescens 417 (Syed et al., 2016) [6]. 

 

Applications of gold nanoparticles 

Antibacterial activity of Bacillus thuringiensis strain PG-4 

against bacterial pathogens 

Gold nanoparticles showed variable zones of inhibition 

against bacterial pathogens after 24 hrs of incubation. Among 

the bacterial species tested Agrobacterium tumefaciens 

showed maximum zone of inhibition, followed by Ralstonia 

solanacearum, Pectobacterium carotovorum and 

Xanthomonas axonopodis (Fig.8). Literature has been found 

regarding antibacterial activities of gold nanoparticles. 

Reported antibacterial activity of gold nanoparticles against 

Corynebacterium pseudotuberculosis. Tested antibacterial 

properties of gold nanoparticles against different pathogenic 

bacteria viz. Bacillus cereus, Bacillus licheniformis, 

Staphylococcus aureus, Escherichia coli and Pseudomonas 

aeruginosa. Significant inhibition was reported against 

Bacillus cereus around eight cm zone of inhibition was 

recorded.  

 

 

 
Table 1: Colony characterization of selected gold nanoparticles synthesizing PGPR isolates 

 

Sr. 

No. 

PGPR 

Isolate No. 

Colony Morphology 

Colour 
Size 

(mm) 

Shape C- circular 

I- irregular 

Optical Property O- opaque 

NO-non opaque 

Elevation  

R-raised F- flat 

1. PG-1 W 1.8 C O R 

2. PG-2 W 1.4 C O R 

3. PG-4 W 1.5 C O R 

4. PG-6 W 1.9 C O R 

5. PG-7 W 2.5 I O F 

6. PG-13 CW 2.5 I O R 

7. PG-14 W 3.5 I O F 

8. PG-24 W 2.5 I O R 

9. PG-25 W 3.0 C O R 

10. PG-26 CW 2.0 C O R 

Colour   Shape   Elevation  Opacity   

C-Cream  C-Circular   F-Flat  O- Opaque 

CW-Creamish white I- Irregular  R-Raised  NO- Non opaque 
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Table 2: Microscopic characterization of selected ten PGPR isolates 
 

Sr. No. Isolate Shape Arrangement Gram Reaction Spore Formation 

1 PG-1 Rods Single -ve + 

2 PG-2 Rods Chain +ve + 

3 PG-4 Rods Single +ve - 

4 PG-6 Rods Single +ve + 

5 PG-7 Rods Single +ve - 

6 PG-13 Rods Single +ve + 

7 PG-14 Rods Single +ve + 

8 PG-24 Rods Single -ve - 

9 PG-25 Rods Single +ve + 

10 PG-26 Coccus Chain -ve + 

 
Table 3: Biochemical characterization of selected ten PGPR isolates 

 

Sr. No. 
Isolate 

No 

Biochemical Characteristics 

Malonate Vp Citrate Onpg 
Nitrate 

Reduction 
Catalase Ariginine Sucrose Mannitol Glucose Arabinose Trehalose 

1. PG-1 + - - + + + - - + + + + 

2. PG-2 + - + + + + - - - - - - 

3. PG-3 - - - - - + - - - + - - 

4. PG-4 + - + + + + + - - - - + 

5. PG-5 - - - + - - + + + + + - 

6. PG-6 + - + - + + + - - + + - 

7. PG-7 - - - - + + + + - + - + 

8. PG-8 - - - - - + - - - - + - 

9. PG-9 + - + + + + + - - + + - 

10. PG-10 - - - + + + - + + + + + 

 

 
 

Fig 1: Colour change from pale yellow to red wine (A) Control (B) 

Gold nanoparticles solution 

 

 
 

Fig 2: Quantitative screening of thirty gold nanoparticles 

synthesizing rhizobacterial isolates 

 
 

Fig 3: Microscopic characterization of selected gold nanoparticles 

synthesizing rhizobacterial isolates A) Gram positive rods B) Gram 

negative rods 

 

 
 

Fig 4: UV-vis spectrophotometer reading depicting maximum 

absorbance of synthesized gold nanoparticles of Bacillus 

thuringiensis strain PG-4 between 540-560 nm 
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Fig 5: FTIR spectrum of gold nanoparticles synthesized by Bacillus 

thuringiensis strain PG-4 

 
 

Fig 6: XRD spectra of gold nanoparticles synthesized by Bacillus 

thuringiensis strain PG-4 

 

  
 

Fig 7: DLS and SEM image of gold nanoparticles synthesized by Bacillus thuringiensis strain PG-4 

 

 
 

Fig 8: Antibacterial activity of gold nanoparticles synthesized by Bacillus thuringiensis strain PG-4 against various bacteria using well diffusion 

method a) Agrobacterium tumefaciens b) Ralstonia solanacearum c) Pectobacterium carotovorum d) Xanthomonas axonopodis 

 

Conclusion 

In the present study, gold nanoparticles were characterized 

using various techniques such as, Fourier transform infrared 

spectroscopy (FTIR), X-rays diffractions (XRD) and 

Scanning electron microscopy (SEM) technologies. FTIR 

spectrum showed the presence of the functional groups. XRD 

results confirmed that these nanoparticles were originally gold 

nanoparticles. Scanning electron microscope results 

confirmed that gold nanoparticles were spherical in nature and 

monodispersed along with some clusters. Biogold 

nanoparticles were found to inhibit various bacterial 

pathogens under in vitro conditions considerably. Thus in the 

present study, gold nanoparticles biosynthesized by Bacillus 

thuringiensis strain PG-4 has emerged as potential agent, able 

to inhibit various bacterial pathogens. To the best of our 

knowledge this is the first report of gold nanoparticles 

biosynthesis by Bacillus thuringiensis strain PG-4 and their 

potential role in various fields. 
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