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Green synthesis is a novel approach for the biogenesis of nano-particles- tiny structures having enormous applications. In the 
current study, fungal strains were explored for their ability to biosynthesize both intra- and extracellular gold nano-particles. Out of 
twelve, four fungal strains namely SSG-2, SSG-5, SSG-8 and SSG-11 were selected on the basis of development of varied colors in cell 
free supernatant and fungal beads upon exposure with tetra-chloroauric acid. Crystallographic characterization of biomass associ-
ated, and cell free nano-particles were carried out by X-Ray Diffraction (XRD) and UV-Visible spectroscopy. A wide variation in crys-
tallite size for intracellular and extracellular nano-particles has been observed. Further these intra- and extracellular nano-particles 
exhibited intense antimicrobial activities against human pathogens.

Emerging infectious diseases and increasing resistance in 
pathogenic microbes towards antibiotics is of serious concern in 
biomedical and pharmaceutical fields. Antibiotic resistance pro-
files of these pathogens have led to fear about emergence and re-
emergence of multidrug-resistance (MDR) [1]. Further MDR bacte-
rial infections have lead significant increase in mortality, morbidity 
and serious health problems. Due to increased incidences of drug 
resistance among pathogenic microbes, the development, modi-
fication and search for the new antimicrobials with bactericidal 
potential has become inevitable [2]. Advancement in nanoscience 
and nanotechnology has brought to fore the nano-sized organic 
and inorganic particles having promising antimicrobial properties 
[3]. Nanotechnology is of tremendous importance due to its ability 
to change the chemical, physical and optical properties of metals 
and modulate these to nano size. Noble metals nano-particles like 
gold, silver, platinum and palladium etc. have been extensively used 
due to their unique electronic, mechanical, optical, chemical and 
magnetic properties [4-8]. These metallic nano-particles exhibited 
large surface area to volume and are of varied shapes and sizes. 
Gold nano-particles have been widely exploited in therapeutics for 
targeted drug delivery in cancer, diabetes mellitus, cardiovascular 

Introduction diseases etc. and also in various other fields like optoelectronics, 
biosensors, bioremediation technology [9]. Further gold nano-
particles have been reported to possess both antibacterial and 
antifungal activities [10,11]. Although several physical and chemi-
cal methods have been used for the synthesis of metallic nano-
particles but green synthesized nano-particles involving microbes 
are eco-friendly, quite effective and less toxic [12]. Many biologi-
cal systems have ability to uptake and reduce the metals ions into 
highly stable nano-particles. Several bacteria, fungi and actinomy-
cetes has been reported as “bio-nano factories” for the synthesis 
of metallic nano-particles [13-17]. Fungi have been reported as 
potential source for biosynthesis of nano-particles due to its tol-
erance and inherent ability to produce higher concentrations of 
proteins which aids in bioreduction of metals to less toxic form 
[18]. Mukherjee., et al. reported bioreduction of AuCl4- and forma-
tion of extracellular gold nano-particles by fungus Verticillium sp. 
and Fusarium oxysporum [19,20]. Bioreduction of gold by cell free 
supernatant of Trichoderma viride [21] and Botrytis cinerea [22] 
confirms that the Au-reducing proteins were secreted in the extra-
cellular space. Although extensive research has been carried out 
for the synthesis of gold nano-particles, but fungal biogenesis of 
gold nano-particles is still confined. Owing to continuous demand 
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Results and Discussion

Different fungal strains collected from contaminated agar me-
dium were inoculated over Potato Dextrose Agar (PDA) plates and 
incubated at 28ᴼC at 72 h. Isolated fungal cultures were repeatedly 
sub-cultured over fresh PDA plates to ensure the axenic nature of 
the isolates. After purification, individual strains were screened for 
biosynthesis of gold nano-particles on exposure to tetra-chloro-
auric acid. For this, actively growing cultures from the periphery 
were inoculated in 100 ml of Potato Dextrose Broth (PDB) and in-
cubated at 28ᴼC for 72 h at 120 rpm followed by washing of fun-
gal beads with sterile distilled water at regular interval of 4 h with 
continuous shaking to remove the traces of the medium. Washed 
fungal beads were exposed to 100 µl of tetra-chloroauric acid (50 
µM) and incubated at 28ᴼC at 120 rpm till appearance of blue/red 
color which served as visible inference for formation of intracellu-
lar gold nano-particles. For extracellular, biomass free supernatant 
was incubated with tetra-chloroauric acid (50 µM) and change in 
color was observed. A control was also maintained to ensure the 
biological origin of gold salt reduction and nano-particles biosyn-
thesis. Positive isolates were further subjected to viability test after 
exposure to tetra-chloroauric acid. Fungal beads were inoculated 
over fresh PDA plates and incubated at 28ᴼC for 72 h. Plates were 
regularly observed for fungal growth. 

The synthesized fungal gold nano-particles (both intraceullar 
and extracellular) were evaluated for their antimicrobial activity 
against bacteria (Escherichia coli, Staphylococcus aureus, Klebsiella 
pneumoniae and Salmonella) on Muller Hinton agar plates and fun-
gi (Aspergillus and Penicillium) on Sabouraud agar plates by agar 
well diffusion method. Bacterial cultures were grown overnight 
in broth medium and inoculums were prepared by diluting with 
0.85% NaCl followed by swabbing over the plates. Similarly, fun-
gal cultures were diluted and swabbed over Sabouraud agar plates. 
Wells (5 mm) were prepared with sterile cork borer and 50 µl of 
respective intra- and extracellular samples were added into the 
wells. Plates were incubated at 37ᴼC for bacteria and 28ᴼC for fungi 
followed by observation of clear zone around the wells. Antimicro-
bial activity was assayed by measuring the diameter of clear zone 
formed around the wells.

Antimicrobial Potential of Green Synthesized Gold Nano-Particles Against Human Pathogens

for nano-particles having antimicrobial potential, the present study 
was aimed towards biosynthesis of fungal intra- and extracellular 
gold nano-particles along with their antimicrobial profile against 
human pathogens. Present study reported biosynthesis of nano-
particles considerably in less time and nano-particles were found 
quite stable without any capping or stabilizing agent for long pe-
riod of time. In future these nanostructures having antimicrobial 
activity can be incorporated into active food packages to prevent 
the food spoilage.

Methodology 
Screening of fungal strains for gold nano-particles biosynthe-
sis

Morphological characterization of the fungal strains was stud-
ied on PDA plates by observing the colonial morphology and micro-
scopic features were examined after staining with lactose phenol 
cotton blue dye.

Morphological characterization of the isolates

Crystallographic characterization of the nano-particles (colored 
fungal beads and biomass free supernatant) along with control 
(fungal beads without tetra-chloroauric acid) was carried out by 
X-Ray diffraction (XRD) and UV-Visible spectroscopy. For intracel-

Crystallographic characterization of the nano-particles 

lular nano-particles, fungal beads were filtered through coarse 
filter paper and dried in an oven at 150ᴼC. Dried samples were 
powdered using pestle mortar and were analyzed by X-Ray Dif-
fractometer. For extracellular nano-particles, filtrate was air dried 
and analyzed [23,24]. Extracellular samples were also analyzed by 
UV-Visible spectroscopy. Samples were prepared by adding 100 µl 
of tetra-chloroauric acid to the biomass free supernatant followed 
by incubation at 28ᴼC till reduction of pale yellow color to violet. A 
spectral scan was recorded over wide spectral range on UV-Visible 
spectrophotometer (SHIMADZU UV-1800) to evaluate the Plasmon 
resonance bands associated with each metal particle formation 
[25]. 

Antimicrobial activity of gold nano-particles

Twelve different fungal strains collected from contaminated 
medium were purified by repeated sub-culturing on fresh PDA 
plates. Further these purified isolates were screened for reduction 
of tetra-chloroauric acid and biosynthesis of gold nano-particles. 
Out of twelve, only four strains (SSG-2, SSG-5, SSG-8 and SSG-11) 
were found positive for nano-particles biosynthesis by visible ap-
pearance of different colors. A wide range of color i.e. pink in SSG-
2, violet in SSG-5, multi blue in SSG-8 and light violet in SSG-11 has 
been observed in fungal beads after incubation of 1 h with tetra-
chloroauric acid which indicated the intracellular nano-particles 
biosynthesis while change in color of biomass free supernatant 
i.e. extracellular nano-particles was observed after incubation of 
5 min. No color development has been observed in control incu-
bated along which indicated the biological origin of reduction and 

Screening of fungal strains for gold nano-particles biosynthe-
sis
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biosynthesis (Figure1). Similarly, intracellular and extracellular 
bioreduction of gold by fungi Aspergillus fumigatus and A. flavus has 
been reported [24] An extracellular biogenesis of gold Nano-par-
ticles has been reported for Fusarium sp. by Sawle., et al. [26]. All 

the isolates were found viable on PDA plates with appearance of 
extending mycelium followed by sporulation upon exposure with 
gold salt (Figure 2). 

Figure 1: Visual inference of intracellular and extracellular gold Nano-particle biosynthesis by fungal isolates  
SSG-2, SSG-5, SSG-8 and SSG-11 along with control upon exposure with tetra-chloroauric acid.

Figure 2: Figure shows the viability of SSG-2, SSG-5, SSG-8 and SSG-11 on PDA plate after exposure  
with tetra-chloroauric acid.

Antimicrobial Potential of Green Synthesized Gold Nano-Particles Against Human Pathogens
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X-ray diffraction patterns of the intracellular and extracellular 
samples were recorded using a Panalytical’s X’Pert Pro Powder 
X-ray diffractometer with Cu Kα radiation (λ = 1.541 Å) in the 2θ 
range 20° - 80° at generator tension 45 kV and generator current 
40 mA. Broadening in the recorded XRD pattern indicated the for-
mation of metallic gold nano-particles in both extracellular and in-
tracellular synthesis. From the diffraction line width of recorded 
diffractogram, average crystallite size of both intracellular and 
extracellular nano-particles was calculated using Debye-Scherrer 
equation [27]. 

Figure 3: Microscopic examination of positive fungal strains.

Morphological characterization of fungal isolates

All the positive isolates were characterized on the basis their 
colony morphology i.e. mycelial growth and sporulation on PDA 
plates and along with microscopic examination (Figure 3) as given 
in Table 1 

Crystallographic characterization of Au Nano-particles

Strain Morphological 
 Observation Microscopic Examination

SSG-2 Green coloured pow-
dery growth

Aseptate, multinucleate 
conidiosphores resembling 

a brush like head
SSG-5 Black coloured spores 

having aerial hyphae
Aseptate sprongiophores 
having coenocytic condi-
tion with black coloured 

sporangiospores
SSG-8 Greyish green coloured 

sporulating not pow-
dery growth

Aseptate, multinucleate 
long stalked conidios-

phores
SSG-11 Yellowish green 

coloured powdery 
growth

Multinucleate green 
coloured sporangiophores 

having green sporangia 
with green spores

Table 1: Morphological and microscopic characterization 
 of selected fungal isolates.

XRD (X-Ray Diffraction) Analysis

Where, D is the average crystallite size, λ is incident X-ray wave-
length, β is the full width at half maximum (FWHM) of X-ray reflec-
tion in terms of 2θ expressed in radians and θ is the position of the 
diffraction peak in the diffractogram

In XRD pattern of SSG-2, peaks at 2θ angles: 38.11ᴼ, 44.04ᴼ and 
64.7ᴼ with Bragg reflection corresponding to (111), (200) and 
(220) were observed in biomass associated nano-particles where-
as in biomass free supernatant peaks at 2θ angles: 37.86ᴼ, 48.88ᴼ, 
67.38ᴼ and 72.46ᴼ with Bragg reflection corresponding to (111), 
(200), (220) and (311) were obtained (Figure 4). A wide varia-
tion in crystallite size of intracellular (7.63 nm) and extracellular 
(25.38 nm) nano-particles were observed. Similarly, for strain 
SSG-8, peaks at 2θ angles: 38.22ᴼ, 44.41ᴼ and 64.64ᴼ with Bragg 

Antimicrobial Potential of Green Synthesized Gold Nano-Particles Against Human Pathogens
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reflection corresponding to (111), (200) and (220) and peaks at 2θ 
angles: 38.19ᴼ, 44.31ᴼ and 72.30ᴼ corresponding to (111), (200) 
and (220) with crystallite size of 10.95 nm and 36.45 nm were 
obtained for intracellular and extracellular nano-particles respec-
tively. Peaks at 2θ angles: 38.56ᴼ, 44.56ᴼ and 72.25ᴼ with Bragg re-
flection corresponding to (111), (200) and (220) were observed in 

biomass free supernatant of SSG-5 and peaks at 2θ angles: 41.78ᴼ, 
48.84ᴼ, 62.44ᴼ and 72.58ᴼ with Bragg reflection corresponding 
to (111), (200), (220) and (311) were observed in XRD pattern of 
SSG-11 (Figure 4). Extracellular nano-particles having crystallite 
size of 25.05 nm and 73.21 nm were synthesized by strain SSG-5 
and SSG-11 respectively.

Figure 4: XRD analysis of intracellular and extracellular Nano-particles: (A) SSG-2 (intracellular)  (B) SSG-2 (extracellu-
lar)  (C) SSG-8 (intracellular)  (D) SSG-8 (extracellular)  (E) SSG-5 (extracellular)  (F) SSG-11 (extracellular).

UV Visible Analysis

Extracellular nano-particles synthesized by SSG-2, SSG-5, SSG-8 
and SSG-11 strains were characterized by UV-Visible spectroscopy 
and absorption maxima was determined by analyzing the spectral 
scan between 200-800 nm. Metallic nano-particles have free elec-
tron abundance and these moves through conduction and valence 
band which is responsible for surface Plasmon resonance absorp-

tion band [28]. A characteristic surface plasmon resonance (SPR) 
band corresponding to SSG-2, SSG-5, SSG-8 and SSG-11 was ob-
served in visible range at 557 nm, 563 nm, 594 nm, 556 nm respec-
tively (Figure 5). The presence of broad plasmon resonance indi-
cated the formation of gold nano-particles in the samples. A strong 
resonance band at 545 nm was observed for Fusarium oxysporum 
by Mukherjee and co-workers [20].

Antimicrobial Potential of Green Synthesized Gold Nano-Particles Against Human Pathogens
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Fungal biomass (SSG-2) Supernatant (SSG-2)
Pos. [°2Th.] FWHM [°2Th.] d-spacing [Å] Pos. [°2Th.] FWHM [°2Th.] d-spacing [Å]
38.11 1.09 2.360 37.8664 0.3346 2.37405
44.04 1.13 2.055 48.8809 0.1338 1.86176
64.7 2.3 1.440 67.3896 0.2676 1.38850

72.4631 0.1338 1.30327
Fungal biomass (SSG-8) Supernatant (SSG-8)

Pos. [°2Th.] FWHM [°2Th.] d-spacing [Å] Pos. [°2Th.] FWHM [°2Th.] d-spacing [Å]
38.22 0.76 2.3530 38.1974 0.2342 2.35619
44.41 1.40 2.038 44.3133 0.2342 2.04417
64.64 2.3 1.441 72.3027 0.3672 1.30577

Supernatant (SSG-5) Supernatant (SSG-11)
Pos. [°2Th.] FWHM [°2Th.] d-spacing [Å] Pos. [°2Th.] FWHM [°2Th.] d-spacing [Å]
38.5635 0.3346 2.33466 41.7885 0.1171 2.16164
44.5662 0.2007 2.03315 48.8442 0.1506 1.86462
72.2538 0.1224 1.30653 62.4437 0.2007 1.48728

72.5879 0.2040 1.30134

Table 2: Crystallographic characterization of biomass (SSG-2 and SSG-8) and supernatant  
(SSG-2, SSG-5, SSG-8 and SSG-11) associated gold Nano-particles. 

Figure 5: Spectral scan of strains SSG-2, SSG-5, SSG-8 and SSG-11 
showing SPR at 557 nm, 563 nm, 594 nm and 556 nm respectively.

The antimicrobial activity of gold nano-particles was examined 
against human pathogens i.e. E. coli, S. aureus, K. pneumoniae, Sal-
monella, Aspergillus and Pencillium by agar well diffusion method. 
The synthesized gold nano-particles were found highly effective 
against both bacteria and fungi. A clear zone of inhibition of growth 
around wells was observed for both intracellular and extracellu-
lar nano-particles except SSG-8 extracellular nano-particles which 
were found ineffective against fungi. Among all, SSG-11 nano-parti-
cles were found quite inhibitory in nature except for K. pneumoniae 
and S. aureus where maximum inhibition was observed for SSG-8 
(extracellular) and SSG-5 (intracellular) respectively (Figure 6). Al-
though exact mechanism for antimicrobial action of nano-particles 
has not been well understood but different mechanisms have been 
proposed by several researchers. Gold nano-particles attach to the 
cell by electrostatic interaction and disrupt integrity by creating 
holes and changing membrane potential. Nano-particles also bind 
with DNA and inhibit binding of tRNA with ribosomal subunit thus 
affecting the transcriptional and translational events [29-31].

Antimicrobial activity

Antimicrobial Potential of Green Synthesized Gold Nano-Particles Against Human Pathogens
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Figure 6: Bar graph showing zone of inhibition against human pathogens for extracellular (A) and intracellular (B) Nano-particles. 

Bibliography

Conclusion

Nanotechnology is gaining increased interest as it finds vast 
application in various fields as biotechnology, pharmaceutical, bio-
medical, environment, food industry etc. A quite eco-friendly and 
rapid methodology has been developed by exploring fungal spe-
cies for the biogenic synthesis of gold nano-particles. Further these 
nano-particles as antimicrobials can find immense applications in 
different fields like biomedical and pharmaceuticals, textiles, cos-
metics and paints, food processing and packaging etc.

1. Tenover FC. “Mechanisms of antimicrobial resistance in bacte-
ria”. American Journal of Medicine 34.5 (2006): S3-S10.

2. Rai MK., et al. “Silver nanoparticles: the powerful nanoweapon 
against multidrug-resistant bacteria”. Journal of Applied Micro-
biology 112.5 (2012): 841-852.

3. Vittal RR and Aswathanarayan JB. “Nanoparticles and their 
potential application as antimicrobials”: In science against 
microbial pathogens: communicating current research and 
technological advances, A. Mendez-Vilas (Ed.), Formatex, Mi-
crobiology Series 3.1 (2011): 197-209.

4. Hu J., et al. “Gold nanoparticles with special shapes: controlled 
synthesis, surface-enhanced Raman scattering, and the appli-
cation in biodetection”. Sensors 7.12 (2007): 3299-3311.

5. Yazid H., et al. “Synthesis and characterization of gold 
nanoparticles supported on zinc oxide via the deposition-pre-
cipitation method”. Turkish Journal of Chemistry 34.4 (2010): 
639-665.

6. Mohsen AMA., et al. “Green synthesis of hyaluronan fibers 
with silver nanoparticles”. Carbohydrate Polymers 89.2 
(2012): 411-422.

7. Nalawad P., et al. “Biosynthesis, characterization and antibac-
terial studies of silver nanoparticles using pods extract of Aca-
cia auriculiformis”. Spectrochimica Acta, Part A: Molecular and 
Biomolecular Spectroscopy 129 (2014): 121-124.

8. Prabu JH and Johnson I. “Plant-mediated biosynthesis and 
characterization of silver nanoparticles by leaf extracts of 
Tragiain volucrata, Cymbopogon citronella, Solanum verbas-
cifolium and Tylophoraovata”. Karbala International Journal 
of Modern Science 1 (2015): 237-246.

9. Menon S., et al. “A review on biogenic synthesis of gold 
nanoparticles, characterization and its applications”. Re-
source-Efficient Technologies 3.4 (2017): 516-527.

10. Lima E., et al. “A Gold nanoparticles as efficient antimicrobial 
agents for Escherichia coli and Salmonella”. Chemistry Central 
Journal 7 (2013): 11.

11. Wani IA and Ahmad T. “Size and shape dependant antifungal 
activity of gold nanoparticles: A case study of Candida”. Col-
loids and Surfaces B: Biointerfaces 101 (2013): 162-170. 

Antimicrobial Potential of Green Synthesized Gold Nano-Particles Against Human Pathogens

https://www.ncbi.nlm.nih.gov/pubmed/16813980
https://www.ncbi.nlm.nih.gov/pubmed/16813980
https://www.ncbi.nlm.nih.gov/pubmed/22324439
https://www.ncbi.nlm.nih.gov/pubmed/22324439
https://www.ncbi.nlm.nih.gov/pubmed/22324439
https://pdfs.semanticscholar.org/1d44/3a4aa4a23dc545ea09c2f12fe77b603f4f6d.pdf
https://pdfs.semanticscholar.org/1d44/3a4aa4a23dc545ea09c2f12fe77b603f4f6d.pdf
https://pdfs.semanticscholar.org/1d44/3a4aa4a23dc545ea09c2f12fe77b603f4f6d.pdf
https://pdfs.semanticscholar.org/1d44/3a4aa4a23dc545ea09c2f12fe77b603f4f6d.pdf
https://pdfs.semanticscholar.org/1d44/3a4aa4a23dc545ea09c2f12fe77b603f4f6d.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3841896/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3841896/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3841896/
https://www.researchgate.net/publication/215994312_Synthesis_and_characterization_of_gold_nanoparticles_supported_on_zinc_oxide_via_the_deposition-precipitation_method
https://www.researchgate.net/publication/215994312_Synthesis_and_characterization_of_gold_nanoparticles_supported_on_zinc_oxide_via_the_deposition-precipitation_method
https://www.researchgate.net/publication/215994312_Synthesis_and_characterization_of_gold_nanoparticles_supported_on_zinc_oxide_via_the_deposition-precipitation_method
https://www.researchgate.net/publication/215994312_Synthesis_and_characterization_of_gold_nanoparticles_supported_on_zinc_oxide_via_the_deposition-precipitation_method
https://www.sciencedirect.com/science/article/pii/S0144861712002342
https://www.sciencedirect.com/science/article/pii/S0144861712002342
https://www.sciencedirect.com/science/article/pii/S0144861712002342
https://www.ncbi.nlm.nih.gov/pubmed/24727170
https://www.ncbi.nlm.nih.gov/pubmed/24727170
https://www.ncbi.nlm.nih.gov/pubmed/24727170
https://www.ncbi.nlm.nih.gov/pubmed/24727170
https://www.infona.pl/resource/bwmeta1.element.elsevier-eb9e5092-4947-33ee-a8b0-caf2e20b40a6
https://www.infona.pl/resource/bwmeta1.element.elsevier-eb9e5092-4947-33ee-a8b0-caf2e20b40a6
https://www.infona.pl/resource/bwmeta1.element.elsevier-eb9e5092-4947-33ee-a8b0-caf2e20b40a6
https://www.infona.pl/resource/bwmeta1.element.elsevier-eb9e5092-4947-33ee-a8b0-caf2e20b40a6
https://www.infona.pl/resource/bwmeta1.element.elsevier-eb9e5092-4947-33ee-a8b0-caf2e20b40a6
https://www.sciencedirect.com/science/article/pii/S2405653717300489
https://www.sciencedirect.com/science/article/pii/S2405653717300489
https://www.sciencedirect.com/science/article/pii/S2405653717300489
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3556127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3556127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3556127/
https://www.ncbi.nlm.nih.gov/pubmed/22796787
https://www.ncbi.nlm.nih.gov/pubmed/22796787
https://www.ncbi.nlm.nih.gov/pubmed/22796787


Citation: Saurabh Gupta., et al. “Antimicrobial Potential of Green Synthesized Gold Nano-Particles Against Human Pathogens". Acta Scientific Agriculture 
2.8 (2018): 145-152.

152

Volume 2 Issue 8 August 2018
© All rights are reserved by Saurabh Gupta., et al.

12. Bhainsa KC and D’Souza SF. “Extracellular biosynthesis of sil-
ver nanoparticles using the fungus Aspergillus fumigatus”. Col-
loids and Surfaces B 47.2 (2006): 160-164.

13. Holmes JD., et al. “Energy-dispersive-X-ray analysis of the 
extracellular cadmium sulfide crystallites of Klebsiella aero-
genes”. Archives of Microbiology 163.2 (1995): 143-147.

14. Klaus-Jeorger T., et al. “Bacteria as workers in the living fac-
tory: metal accumulating bacteria and their potential for mate-
rial science”. Trends in Biotechnology 19.1 (2001): 15-20.

15. Sastry M., et al. “Biosynthesis of metal nanoparticles using 
fungi and actinomycete”. Current Science85 (2003): 162-170.

16. Ahmad A., et al. “Extra-/intracellular biosynthesis of gold 
nanoparticles by an alkalotolerant fungus, Trichothecium sp.”. 
Journal of Biomedical Nanotechnology 1.1 (2005): 47-53.

17. Agnihotri M., et al. “Biosynthesis of gold nanoparticles by the 
tropical marine yeast Yarrowia lipolytica NCIM 3589”. Materi-
als Letters 63.15 (2009): 1231-1234.

18. Dhillon GS., et al. “Green approach for nanoparticle biosynthe-
sis by fungi: current trends and applications”. Critical Reviews 
in Biotechnology 32.1 (2012): 49-73.

19. Mukherjee P., et al. “Bioreduction of AuCl4- ions by the fun-
gus, Verticillium sp and surface trapping of gold nanoparticles 
formed”. Angewandte Chemie International Edition 40 (2001): 
3585-3588.

20. Castro ME., et al. "Biosynthesis of gold nanoparticles by extra-
cellular molecules produced by the phytopathogenic fungus 
Botrytis cinerea". Materials Letters 115.5 (2014): 42-44.

21. Mishra A., et al. “Biocatalytic and antimicrobial activities of 
gold nanoparticles synthesized by Trichoderma sp.” Biore-
source Technology 166 (2014): 235-242.

22. Gupta S., et al. “Biosynthesis and characterization of Au-nano-
structures by metal tolerant fungi”. Journal of Basic Microbiol-
ogy 51.6 (2011): 601-606.

23. Gupta S and Bector S. “Biosynthesis of extracellular and intra-
cellular gold nanoparticles by Aspergillus fumigatus and A. fla-
vus”. Antonie van Leeuwenhoek 103 (2013): 1113-1123.

24. Ahmad A., et al. “Extracellular biosynthesis of silver nanopar-
ticles using the fungus Fusarium oxysporum”. Colloids and Sur-
faces B 28.4 (2003): 313-318.

25. Sawle BD., et al. “Biosynthesis and stabilization of Au- and 
Au–Ag alloy nanoparticles by fungus, Fusarium semitectum”. 
Science and Technology of Advanced Materials 9.3 (2008): 1-6.

26. Cullity BD. “Elements of X-ray diffraction”. Addison Wesley, 
Massachusetts (1978): 102.

27. Mulvaney P. “Surface plasmon spectroscopy of nanosized met-
al particles”. Langmuir 12.3 (1996): 788-800.

28. Mukherjee P., et al. “Extracellular synthesis of gold nanopar-
ticles by the fungus Fusarium oxysporum”. ChemBioChem 3.5 
(2002): 461-463.

29. Rai A., et al. “Antibiotic mediated synthesis of gold nanopar-
ticles with potent antimicrobial activity and their application 
in antimicrobial coatings”. Journal of Materials Chemistry 20 
(2010): 6789-6798. 

30. Cui Y., et al. “The molecular mechanism of action of bactericid-
al gold nanoparticles on Escherichia coli”. Biomaterials 33.7 
(2012): 2327-2333. 

31. Tiwari PK and Lee YS. “Gene delivery in conjunction with gold 
nanoparticle and tumor treating electric field”. Journal of Ap-
plied Physics 114 (2013): 5. 

Antimicrobial Potential of Green Synthesized Gold Nano-Particles Against Human Pathogens

https://www.ncbi.nlm.nih.gov/pubmed/16420977
https://www.ncbi.nlm.nih.gov/pubmed/16420977
https://www.ncbi.nlm.nih.gov/pubmed/16420977
https://link.springer.com/article/10.1007%2FBF00381789
https://link.springer.com/article/10.1007%2FBF00381789
https://link.springer.com/article/10.1007%2FBF00381789
https://www.ncbi.nlm.nih.gov/pubmed/11146098
https://www.ncbi.nlm.nih.gov/pubmed/11146098
https://www.ncbi.nlm.nih.gov/pubmed/11146098
https://www.iisc.ernet.in/currsci/jul252003/162.pdf
https://www.iisc.ernet.in/currsci/jul252003/162.pdf
https://www.ingentaconnect.com/content/asp/jbn/2005/00000001/00000001/art00006
https://www.ingentaconnect.com/content/asp/jbn/2005/00000001/00000001/art00006
https://www.ingentaconnect.com/content/asp/jbn/2005/00000001/00000001/art00006
https://www.sciencedirect.com/science/article/pii/S0167577X09001554
https://www.sciencedirect.com/science/article/pii/S0167577X09001554
https://www.sciencedirect.com/science/article/pii/S0167577X09001554
https://www.ncbi.nlm.nih.gov/pubmed/21696293
https://www.ncbi.nlm.nih.gov/pubmed/21696293
https://www.ncbi.nlm.nih.gov/pubmed/21696293
https://stephenson.pure.elsevier.com/en/publications/bioreduction-of-auclsub4subsup-sup-ions-by-the-fungus-verticilliu
https://stephenson.pure.elsevier.com/en/publications/bioreduction-of-auclsub4subsup-sup-ions-by-the-fungus-verticilliu
https://stephenson.pure.elsevier.com/en/publications/bioreduction-of-auclsub4subsup-sup-ions-by-the-fungus-verticilliu
https://stephenson.pure.elsevier.com/en/publications/bioreduction-of-auclsub4subsup-sup-ions-by-the-fungus-verticilliu
https://www.sciencedirect.com/science/article/pii/S0167577X13013979
https://www.sciencedirect.com/science/article/pii/S0167577X13013979
https://www.sciencedirect.com/science/article/pii/S0167577X13013979
https://www.sciencedirect.com/science/article/pii/S0167577X13013979
https://www.sciencedirect.com/science/article/pii/S0167577X13013979
https://www.sciencedirect.com/science/article/pii/S0167577X13013979
https://www.ncbi.nlm.nih.gov/pubmed/21953675
https://www.ncbi.nlm.nih.gov/pubmed/21953675
https://www.ncbi.nlm.nih.gov/pubmed/21953675
https://www.ncbi.nlm.nih.gov/pubmed/23400423
https://www.ncbi.nlm.nih.gov/pubmed/23400423
https://www.ncbi.nlm.nih.gov/pubmed/23400423
https://www.sciencedirect.com/science/article/pii/S0927776502001741
https://www.sciencedirect.com/science/article/pii/S0927776502001741
https://www.sciencedirect.com/science/article/pii/S0927776502001741
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5099666/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5099666/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5099666/
https://archive.org/details/elementsofxraydi030864mbp
https://archive.org/details/elementsofxraydi030864mbp
https://pubs.acs.org/doi/abs/10.1021/la9502711
https://pubs.acs.org/doi/abs/10.1021/la9502711
https://onlinelibrary.wiley.com/doi/abs/10.1002/1439-7633%2820020503%293%3A5%3C461%3A%3AAID-CBIC461%3E3.0.CO%3B2-X
https://onlinelibrary.wiley.com/doi/abs/10.1002/1439-7633%2820020503%293%3A5%3C461%3A%3AAID-CBIC461%3E3.0.CO%3B2-X
https://onlinelibrary.wiley.com/doi/abs/10.1002/1439-7633%2820020503%293%3A5%3C461%3A%3AAID-CBIC461%3E3.0.CO%3B2-X
https://www.ncbi.nlm.nih.gov/pubmed/22182745
https://www.ncbi.nlm.nih.gov/pubmed/22182745
https://www.ncbi.nlm.nih.gov/pubmed/22182745
https://aip.scitation.org/doi/abs/10.1063/1.4817090?journalCode=jap
https://aip.scitation.org/doi/abs/10.1063/1.4817090?journalCode=jap
https://aip.scitation.org/doi/abs/10.1063/1.4817090?journalCode=jap

