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Introduction
Different metallic nanoparticles are designed by the transformation 

of their bulk form in to nano scale [1], possessing unique properties with 
various uses in different fields such as biotechnology, nanotechnology, 
medicine, biochemistry and material engineering etc. [2]. Further 
many synthetic approaches being used for the fabrication of metallic 
nanocrystals, bio-based green methods have been established because 
it is not only environmental friendly but provides a clean and non-
hazardous way for the fabrication of metallic nano sized particles. 
Bio-based amalgamation of nano particles using microorganisms as 
nanofactories is an innovative green technology that promises scientific 
benefits in future [3,4].

Microorganisms as bionanofactories

In recent years nanoparticles have been produced by industries 
for commercial application having many benefits. Biosynthesis of 
nanoparticles attracts many researchers and industries to explore 
microorganisms as the perfect biological system for the production of 
different nanoparticles. The metabolic activity of these microorganisms 
enables the extra cellular or intracellular synthesis of nanoparticles 
utilizing different mode of synthesis [5-8]. Microorganisms possess 
the capability to minimize the toxicity of metal ions through bio- 
reduction or by the aggregation of non-soluble complexes with 
metal ions to produce colloidal particles. In comparison, biologically 
synthesized nanomaterials are more definite in size than the chemically 
synthesized ones because of optimized growth of the crystal due to 
steady reaction kinetics which reduces the overall investment involved 
in nanoparticle synthesis. Not only reduction in the overall cost makes 
it less expensive process but also it is an eco- friendly method because it 
does not apply poisonous chemicals that are expensive and harmful for 
the environment as used in non-biological synthetic procedures that 
produces nanoparticles of poor morphology. Therefore nanoparticles 
of distinct morphology can be obtained through the optimization of 
culture conditions using biological organisms [9].

An  account  of  organisms  responsible  for   nanoparticle 
synthesis 

Different metal nanoparticles, such as iron, silver, silica, selenium, 
gold, tellurium, platinum, quantum dots, lead, titanium, zirconium, 
magnetite, palladium, and silver –gold alloy can be biosynthesised by 

viruses, bacteria, fungi, plants and actinomycetes [10]. These organisms 
possess metal ion reduction capabilities thus making them suitable to 
be employed for synthesis of nanoparticles.

Bacteria in nanoparticle synthesis

Several bacterial species have been reported to produce 
metallic nanoparticles of different types. For example Bacteria like 
Desulfuromonas acetoxidans, Shewanella spp and Magnetospirillum 
magnetotacticum produces iron oxide nanoparticles [11]. In addition 
Copper and Cadmium sulfate nanoparticles were produce by 
photosynthetic bacteria of genus Serratia and Rhodobacter sphaeroides 
respectively [12,13] while Escherichia coli is reported to produce 
Cadmium nanocrystals [14].

Plants in nanoparticle synthesis

Not only bacteria but plants can also be used to produce 
nanoparticles of different types. For example from Hordeum vulgare 
(monocotyledonous) and Rumex acetosa (dicotyledonous) plants, iron 
oxide nanoparticles were produced [15]. In addition to that, Diopyros 
kaki leaf extract is known for the green production of platinum nano 
crystals [16], gold nanocrystals using Gnidia glauca flower extract [17], 
silver and gold nano crystals from Aloe Vera extract [18] and clove [19] 
have been reported. 

Algae in nanoparticle synthesis

Chlorella vulgaris, unicellular green algae that possess the capability 
to produce crystalline metal nanoparticles at room temperature. 
The hydroxyl groups in tyrosine subunits or the carboxyl groups in 
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glutamine/aspartic subunits of the proteins present in the extract are 
accountable for silver ion reduction and also aids in controlling the 
definite size of nanosilver crystals [20].

Fungi in nanoparticle synthesis

From a total of 1.5 million species of fungi found on Earth about 
seventy thousands species have been documented. According to a 
recent study it was estimated that nearly 5.1 million fungal species are 
found on Earth by the use of high-through put sequencing methods 
[21]. Selecting Fungi for mycofabrication purposes is the most pertinent 
choice because of its high metal ion tolerance and bioaccumulation 
capabilities [22]. Intra or extracellular mycosynthesis of a number of 
different metallic nanoparticles have been enlisted in Table 1 [23-74].

Why fungi being the most appropriate?
Using fungal biomass or biomass extracts, for the production of 

nanoparticles is more advantageous compared with other biological 
methods because fungi, being abundant in nature can be easily isolated 
by plating, serial dilutions and hyphal extraction. Culturing/sub-
culturing requires simple media nutrients and since they are totipotent 
therefore spores or hyphae can be used to grow fungus to obtain pure 
isolate after sub culturing [75, 76]. Besides have the potential to be scaled 
up for large-scale synthesis by producing large amounts of extracellular 
enzymes which catalysis the heavy metal ions to produce the respective 
metallic nanoparticle of definite size and shape. Myco-synthesis offers 
simple downstream processing for product recovery with easy biomass 
handling [10], thus making the whole process environmental friendly 
and cost effective.

Conclusion
Among different biological organisms, Fungi serve as a prime 

candidate for the production of different nanoparticles because of its 
high tolerance towards metal ions with reduction capabilities. Above 
all makes the downstream processing for product recovery easy.
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S. No Fungus name Mechanism Nanoparticles

1 Fusarium oxysporum

Extracellular Pt [23]
Extracellular Ag [24,25,26]
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Extracellular CdS [27]
Extracellular Magnetite [28]
Extracellular Si, Ti [29]
Extracellular Zirconia [30]
Intracellular Au [31]
Extracellular Au [32]
Extracellular BT [33]
Intracellular Zn [34]

2 Verticillium sp.

Intracellular Au [35]
Extracellular Magnetite [28]
Intracellular Ag [36]
Extracellular Fe3O4 [28]

3 Verticillium luteoalbum Intracellular Au [37]
4 Phoma sp. Intracellular Ag [38]
5 Phoma glomerata Extracellular Ag [39]
6 Colletotrichum sp. Extracellular Au [40]
7 Coriolus versicolor Extracellular Ag [41]

8 Cladosporium 
cladosporioides Extracellular Ag [42]

9 Usnea longissima Extracellular Usnic acid [42]
10 Trichothecium sp. Extra/Intra Au [43]

11 Trichoderma 
asperellum Extracellular Ag [44]

12 Aspergillus fumigates
Extracellular Ag [45]
Extracellular ZnO [46]

13
Fusarium semitectum Extracellular Ag [47]

Intracellular Au [48]

14 Aspergillus flavus
Intracellular Ag [49]
Extracellular TiO2 [50]

15 Aspergillus niger
Extracellular Ag [51]
Extracellular Au [52]
Intracellular Au [52]

16 Fusarium acuminatum Extracellular Ag [53]
17 Penicillium sp. Extracellular Ag [54]

18 Helminthosporum 
solani Extracellular Au [55]

19 Fusarium solani Extracellular Ag [56]
20 Aspergillus oryzae Extracellular FeCl3 [57]

21 Aspergillus 
tubingensis Extracellular Ca3P2O8 [58]

22 Rhizopus oryzae Cell surface Au [59]

23 Rhizopus stolonifer
Cell surface Au [60]
Extracellular Ag [61]

24 Aureobasidium 
pullulans Intracellular Au [31]

25 Neurospora crassa Extracellular Au [27]

26 Penicillium 
brevicompactum Extracellular Au [62]

27 Cylindrocladium 
floridanu Extracellular Au [63]

28 Phanerochaete 
chrysosporium Extracellular Au [64]

29 Volvariella volvacea Extracellular Au [65]
30 Sclerotium rolfsii Extracellular Au [63]

31 Coriolis versicolor

Extracellular Au [66]
Intracellular Au [66]
Extracellular Ag [41]
Intracellular Au [46]

32 Candida albicans Intracellular Au [67]
33 Pleurotus sajor caju Extracellular Ag [49]
34 Penicillium fellutanum Extracellular Ag [68]
35 Penicillium strain J3 Extracellular Ag [69]

36 Trichoderma viride
Intracellular Ag [70,71]
Extracellular

37 Amylomyces rouxii 
KSU-09 Extracellular Ag [72]

38 Aspergillus clavitus Extracellular Ag [73]

39 Aspergillus terreus 
CZR-1 Extracellular Ag [74]

Table 1: List of different metal nanoparticles produced by fungi.

http://dx.doi.org/10.1016/j.taap.2008.09.015
http://dx.doi.org/10.1016/j.taap.2008.09.015
http://dx.doi.org/10.1016/j.taap.2008.09.015
http://chalcogen.ro/385_Mubarak.pdf
http://chalcogen.ro/385_Mubarak.pdf
http://chalcogen.ro/385_Mubarak.pdf
http://dx.doi.org/10.1080/07388550802368903
http://dx.doi.org/10.1080/07388550802368903
http://iopscience.iop.org/article/10.1088/0957-4484/18/10/105104/pdf
http://iopscience.iop.org/article/10.1088/0957-4484/18/10/105104/pdf
http://iopscience.iop.org/article/10.1088/0957-4484/18/10/105104/pdf


Citation: Khan NT, Khan MJ, Jameel J, Jameel N, Rheman SUA (2017) An Overview: Biological Organisms That Serves as Nanofactories for Metallic 
Nanoparticles Synthesis and Fungi Being the Most Appropriate. Bioceram Dev Appl 7: 101. doi: 10.4172/2090-5025.1000101

Page 3 of 4

Volume 7 • Issue 1 • 1000101Bioceram Dev Appl, an open access journal
ISSN: 2090-5025

6. Chakraborty N, Pal R, Ramaswami A, Nayak D, Lahiri S (2006) Diatom: A 
potential bio-accumulator of gold. Radioanal Nucl Chem. 270: 645–649.

7. Nayak RR, Pradhan N, Behera D (2011) Green synthesis of silver nanoparticle 
by Penicillium purpurogenum NPMF: the process and optimization. J Nanopart 
Res. 13: 3129–3137.

8. Nethradevi C, Sivakumar P, Renganathan S (2001) Green synthesis of 
silver nanoparticles using datura metel flower extract and evaluation of their 
antimicrobial activity. International Journal of Nanomaterials and Biostructures. 
2: 16-21.

9. Vijayaraghavan K, Nalini SPK (2010) Biotemplates in the green synthesis of 
silver nanoparticles. biotech j. 5: 1098–1110.

10. Narayanan KB, Sakthivel N (2010) Biological synthesis of metal nanoparticles 
by microbes. Adv Colloid Interface Sci. 156: 1-13.

11. Abhilash (2011) Microbial synthesis of iron-based nanomaterials: A review. Bull 
Mater Sci. 34: 191-198.

12. Hasan SS, Parikh R, Singh S, Prasad BLV (2008) Bacterial synthesis of copper/
copper oxide nanoparticles. J Nanosci Nanotechnol. 8: 3191-3196.

13. Huang J, Lin L, Li Q, Sun D, Wang Y, et al. (2008) Continuous-flow biosynthesis 
of silver nanoparticles by lixivium of Sundried Cinnamomum camphora leaf in 
tubular microreactors. Ind Eng Chem Res 47: 6081–6090.

14. Sweeney RY, Mao C, Gao X, Burt JL, Belcher AM, et al. (2004) Bacterial 
biosynthesis of cadmium sulfide nanocrystals. Chemistry & Biology 11: 
1553–1559.

15. Makarov VV, Makarova SS, Love AJ, Sinitsyna OV, Dudnik AO, et al. (2014) 
Biosynthesis of stable iron oxide nanoparticles in aqueous extracts of Hordeum 
vulgare and Rumex acetosa plants. Langmuir 30: 5982-5988. 

16. Song JY, Kwon EY, Kim BS (2010) Biological synthesis of platinum nanoparticles 
using Diopyros kaki leaf extract. Bioprocess Biosyst Eng 33: 159-164.

17. Ghosh S, Patil S, Ahire M, Kitture R, Gurav DD, et al. (2012) Gnidia glauca 
flower extract mediated synthesis of gold nanoparticles and evaluation of its 
chemocatalytic potential. J Nanobiotechnology. 10: 17.

18. Chandran SP, Chaudhary M, Pasricha R, Ahmad A, Sastry M (2006) Synthesis 
of gold nanotriangles and silver nanoparticles using Aloe Vera plant extract. 
Biotechnol Prog. 22: 577-583.

19. Singh AK, Talat M, Singh DP, Srivastava ON (2010) Biosynthesis of gold and 
silver nanoparticles by natural precursor clove and their functionalization with 
amine group. J Nanopart Res 12: 1667–1675.

20. Xie Y, Ye R, Liu H (2006) Biosurfactant rhamnolipid preparation of 
microemulsions. Journal of Colloids and Surface. 279: 175-178.

21. Blackwell M (2011) The fungi: 1, 2, and 3 ... 5.1 million species?  Am  J  Bot 
98: 426–438.

22. Sastry M, Ahmad A, Khan MI, Kumar R (2003) Biosynthesis of metal 
nanoparticles using fungi and Actinomycetes. Curr Sci 85: 162-170.

23. Govender Y, Riddin T, Gericke M, Whiteley CG (2009) Bioreduction of platinum 
salts into nanoparticles: A mechanistic perspective. Biotechnol Lett 31: 95-100.

24. Mohammadian A, Shaojaosadati SA, Rezee MH (2007) Fusarium oxysporum 
mediates photogeneration of silver nanoparticles. Scientia Iranica  14: 
323-326.

25. Kumar SA, Abyaneh MK, Gosavi SW, Kulkarni SK, Pasricha R, et al. (2007) 
Nitrate reductase-mediated synthesis of silver nanoparticles from AgNO3. 
Biotechnol. Lett. 29: 439-445.

26. Durán N, Marcato PD, Alves OL, De Souza GIH, Esposito E (2005) Mechanistic 
aspects of biosynthesis of silver nanoparticles by several Fusarium oxysporum 
strains. J Nanobiotechnology. 3: 1-8.

27. Ahmad A, Mukherjee P, Mandal D, Senapati S, Khan MI, et al. (2002) Enzyme 
mediated extracellular biosynthesis of CdS nanoparticles by the fungus 
Fusarium oxysporum. JACS 124: 12108-12109.

28. Bharde A, Rautray D, Bansal V, Ahmad A, Sarkar I, et al. (2006) Extracellular 
Biosynthesis of Magnetite using fungi. Small 2: 135-141.

29. Bansal V, Rautray D, Bharde A, Ahire K, Sanyal A, et al. (2005) Fungus-
mediated biosynthesis of silica and Titania particles. J Mater Chem. 15: 
2583-2589.

30. Bansal V, Rautray D, Ahamd A, Sastry M (2004) Biosynthesis of zirconia 
nanoparticles using the fungus Fusarium oxysporum. J Mater Chem. 14: 
3303–3305.

31. Zhang X, He X, Wang K, Yang X (2011) Different active biomolecules involved 
in biosynthesis of gold nanoparticles by three fungus species. J Biomed 
Nanotechnol. 7: 245–254.

32. Mukherjee P, Senapati S, Mandal D, Ahmad A, Khan MI, et al. (2002) 
Extracellular synthesis of gold nanoparticles by the fungus Fusarium 
oxysporum. Chem BioChem. 3: 461–463.

33. Bansal V, Poddar P, Ahmad A, Sastry M (2006) Room-temperature 
biosynthesis of ferroelectric barium titanate nanoparticles. J Am Chem Soc. 
128: 11958–11963.

34. Velmurugan P, Shim J, You Y, Choi S, Kamala-Kannan S, et al. (2010) Removal 
of zinc by live, dead, and dried biomass of Fusarium spp. isolated from the 
abandoned-metal mine in South Korea and its perspective of producing 
nanocrystals. J Hazard Mater. 182: 317–324.

35. Mukherjee P, Ahmad A, Mandal D, Senapati S, Sainkar SR, et al. (2001) 
Bioreduction of AuCl4 ions by the fungus Verticillium sp and surface trapping of 
the gold nanoparticles formed. Angew. Chem. Int. Ed. 40: 3585-3588.

36. Mukherjee P, Ahmad A, Mandal D, Senapati S, Sainkar SR, et al. (2001) 
Fungus-mediated synthesis of silver nanoparticles and their immobilization 
in the mycelial matrix: a novel biological approach to nanoparticle synthesis. 
Nano.1: 515-519.

37. Gericke M, Pinches A (2006) Microbial production of gold nanoparticles. Gold 
Bull. 239: 22-28.

38. Chen JC, Lin ZH, Ma XX (2003) Evidence of the production of silver 
nanoparticles via pretreatment of Phoma sp 32883 with silver nitrate. Lett Appl 
Microbiol. 37: 105-108.

39. Birla SS, Tiwari VV, Gade AK, Ingle AP, Yadav AP, et al. (2009) Fabrication 
of silver nanoparticles by Phoma glomerata and its combined effect against 
Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus. Lett 
Appl Microbiol. 27: 76-83.

40. Shankar SS, Ahmad A, Pasricha R, Sastry M. (2003) Bioreduction of 
chloroaurate ions by Geranium leaves and its endophytic fungus yields gold 
nanoparticles of different shapes. Journal of Material Chemistry 13: 1822–
1826. Bioprocess Biosyst Eng. 449: 224–230.

41. Sanghi R, Verma P (2009) Biomimetic synthesis and characterization of protein 
capped silver nanoparticles. Bioresour Technol. 100: 501–504.

42. Balaji DS, Basavaraja S, Deshpande R, Bedre D, Prabhakar BK, et al. (2009) 
Extracellular biosynthesis of functionalized silver nanoparticles by strains of 
Cladosporium cladosporioides fungus. ‎Colloids Surf. B. 68: 88-92.

43. Ahmad A, Senapati S, Khan MI, Kumar, R Sastry M (2005) Extra-/intracellular 
biosynthesis of gold nanoparticles by an alkalotolerant fungus Trichothecium 
sp. J. Biomed. Nanotechnol. 1: 47-53.

44. Mukherjee P, Roy M, Mandal BP, Dey GK, Mukherjee PK, et al. (2008) 
Green synthesis of highly stabilized nanocrystalline silver particles by a non-
pathogenic and agriculturally important fungus asperellum. Nanotechnology. 
19: 103-110.

45. Bhainsa  KC, De Souza  SF (2006) Extracellular biosynthesis of silver 
nanoparticles using the fungus Aspergillus fumigatus. ‎Colloids Surf B. 47: 
160–164.

46. Raliya R, Tarafdar JC (2013) ZnO nanoparticle biosynthesis and its effect on 
phosphorous-mobilizing enzyme secretion and gum contents in Clusterbean 
(Cyamopsis tetragonoloba L.). Agirc. Res 2: 48–57.

47. Basavaraja S, Balaji SD, Lagashetty A, Rajasab AH, Venkataraman A (2007) 
Extracellular biosynthesis of silver nanoparticles using the fungus Fusarium 
semitectum. Material Research Bulletin. 43: 1164-1170.

48. Sawale BD, Salimath B, Deshpande R, Bedre MD, Prabhakar BK, et al. (2008) 
Biosynthesis and stabilization of Au and Au–Ag alloy nanoparticles by fungus, 
Fusarium semitectum. ‎Sci Tech Adv Mater  9: 1.

49. Sawale BD, Salimath B, Deshpande R, Bedre MD, Prabhakar BK, et al. (2008) 
Biosynthesis and stabilization of Au and Au–Ag alloy nanoparticles by fungus, 
Fusarium semitectum. Sci Tech Adv Mater. 

50. Rajakumar G, Rahuman A, Roopan SM, Khanna VG, Elango G, et al. (2012) 
Fungus-mediated biosynthesis and characterization of TiO2 nanoparticles and 

http://dx.doi.org/10.1007/s10967-006-0475-0
http://dx.doi.org/10.1007/s10967-006-0475-0
http://dx.doi.org/10.1007/s11051-010-0208-8
http://dx.doi.org/10.1007/s11051-010-0208-8
http://dx.doi.org/10.1007/s11051-010-0208-8
https://urpjournals.com/tocjnls/20_12v2i2_3.pdf
https://urpjournals.com/tocjnls/20_12v2i2_3.pdf
https://urpjournals.com/tocjnls/20_12v2i2_3.pdf
https://urpjournals.com/tocjnls/20_12v2i2_3.pdf
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwiY1a6AwNPTAhXGL48KHQBfBOIQFgghMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1002%2Fbiot.201000167%2Fabstract&usg=AFQjCNGeJW5GUvAEjA1uXFujcp8BCkhyuQ
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwiY1a6AwNPTAhXGL48KHQBfBOIQFgghMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fdoi%2F10.1002%2Fbiot.201000167%2Fabstract&usg=AFQjCNGeJW5GUvAEjA1uXFujcp8BCkhyuQ
http://dx.doi.org/10.1016/j.cis.2010.02.001
http://dx.doi.org/10.1016/j.cis.2010.02.001
http://dx.doi.org/10.1007/s12034-011-0076-6
http://dx.doi.org/10.1007/s12034-011-0076-6
http://dx.doi.org/10.1166/jnn.2008.095
http://dx.doi.org/10.1166/jnn.2008.095
http://dx.doi.org/10.1021/ie701698e
http://dx.doi.org/10.1021/ie701698e
http://dx.doi.org/10.1021/ie701698e
http://dx.doi.org/10.1016/j.chembiol.2004.08.022
http://dx.doi.org/10.1016/j.chembiol.2004.08.022
http://dx.doi.org/10.1016/j.chembiol.2004.08.022
http://dx.doi.org/10.1021/la5011924
http://dx.doi.org/10.1021/la5011924
http://dx.doi.org/10.1021/la5011924
http://dx.doi.org/10.1007/s00449-009-0373-2
http://dx.doi.org/10.1007/s00449-009-0373-2
http://dx.doi.org/10.1186/1477-3155-10-17
http://dx.doi.org/10.1186/1477-3155-10-17
http://dx.doi.org/10.1186/1477-3155-10-17
http://dx.doi.org/10.1021/bp0501423
http://dx.doi.org/10.1021/bp0501423
http://dx.doi.org/10.1021/bp0501423
http://dx.doi.org/10.1007/s11051-009-9835-3
http://dx.doi.org/10.1007/s11051-009-9835-3
http://dx.doi.org/10.1007/s11051-009-9835-3
http://file.scirp.org/pdf/JBNB_2015012110232321.pdf
http://file.scirp.org/pdf/JBNB_2015012110232321.pdf
http://dx.doi.org/10.3732/ajb.1000298
http://dx.doi.org/10.3732/ajb.1000298
http://repository.ias.ac.in/47133/1/92_pub.pdf
http://repository.ias.ac.in/47133/1/92_pub.pdf
http://dx.doi.org/10.1007/s10529-008-9825-z
http://dx.doi.org/10.1007/s10529-008-9825-z
http://archive.scientiairanica.com/PDF/Articles/00000500/shajasadat.pdf
http://archive.scientiairanica.com/PDF/Articles/00000500/shajasadat.pdf
http://archive.scientiairanica.com/PDF/Articles/00000500/shajasadat.pdf
D:\Local D\Aditya Abishek Team\Abhishek Team\Abhishek\BDA\BDA-Vol.7\BDA-Vol.7.1\BDA-Vol.7.1_W\BDA-17-246(M)101\10.1007\s10529-006-9256-7
D:\Local D\Aditya Abishek Team\Abhishek Team\Abhishek\BDA\BDA-Vol.7\BDA-Vol.7.1\BDA-Vol.7.1_W\BDA-17-246(M)101\10.1007\s10529-006-9256-7
D:\Local D\Aditya Abishek Team\Abhishek Team\Abhishek\BDA\BDA-Vol.7\BDA-Vol.7.1\BDA-Vol.7.1_W\BDA-17-246(M)101\10.1007\s10529-006-9256-7
http://dx.doi.org/10.1186/1477-3155-3-8
http://dx.doi.org/10.1186/1477-3155-3-8
http://dx.doi.org/10.1186/1477-3155-3-8
http://dx.doi.org/10.1021/ja027296o
http://dx.doi.org/10.1021/ja027296o
http://dx.doi.org/10.1021/ja027296o
http://dx.doi.org/10.1002/smll.200500180
http://dx.doi.org/10.1002/smll.200500180
http://dx.doi.org/10.1039/B503008K
http://dx.doi.org/10.1039/B503008K
http://dx.doi.org/10.1039/B503008K
http://dx.doi.org/10.1039/B407904C
http://dx.doi.org/10.1039/B407904C
http://dx.doi.org/10.1039/B407904C
https://doi.org/10.1166/jbn.2011.1285
https://doi.org/10.1166/jbn.2011.1285
https://doi.org/10.1166/jbn.2011.1285
http://dx.doi.org/10.1002/1439-7633(20020503)3:5&lt;461::AID-CBIC461&gt;3.0.CO;2-X
http://dx.doi.org/10.1002/1439-7633(20020503)3:5&lt;461::AID-CBIC461&gt;3.0.CO;2-X
http://dx.doi.org/10.1002/1439-7633(20020503)3:5&lt;461::AID-CBIC461&gt;3.0.CO;2-X
http://dx.doi.org/10.1021/ja063011m
http://dx.doi.org/10.1021/ja063011m
http://dx.doi.org/10.1021/ja063011m
http://dx.doi.org/10.1016/j.jhazmat.2010.06.032
http://dx.doi.org/10.1016/j.jhazmat.2010.06.032
http://dx.doi.org/10.1016/j.jhazmat.2010.06.032
http://dx.doi.org/10.1016/j.jhazmat.2010.06.032
http://dx.doi.org/10.1002/1521-3773(20011001)40:19LTHEXA3585::AID-ANIE3585%3e3.0.CO;2-K
http://dx.doi.org/10.1002/1521-3773(20011001)40:19LTHEXA3585::AID-ANIE3585%3e3.0.CO;2-K
http://dx.doi.org/10.1002/1521-3773(20011001)40:19LTHEXA3585::AID-ANIE3585%3e3.0.CO;2-K
http://dx.doi.org/10.1021/nl0155274
http://dx.doi.org/10.1021/nl0155274
http://dx.doi.org/10.1021/nl0155274
http://dx.doi.org/10.1021/nl0155274
http://dx.doi.org/10.1007/BF03215529
http://dx.doi.org/10.1007/BF03215529
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0266-8254&date=2003&volume=37&issue=2&spage=105
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0266-8254&date=2003&volume=37&issue=2&spage=105
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0266-8254&date=2003&volume=37&issue=2&spage=105
http://dx.doi.org/10.1111/j.1472-765X.2008.02510.x
http://dx.doi.org/10.1111/j.1472-765X.2008.02510.x
http://dx.doi.org/10.1111/j.1472-765X.2008.02510.x
http://dx.doi.org/10.1111/j.1472-765X.2008.02510.x
http://dx.doi.org/10.1039/B303808B
http://dx.doi.org/10.1039/B303808B
http://dx.doi.org/10.1039/B303808B
http://dx.doi.org/10.1039/B303808B
http://dx.doi.org/10.1016/j.biortech.2008.05.048
http://dx.doi.org/10.1016/j.biortech.2008.05.048
http://dx.doi.org/10.1016/j.colsurfb.2008.09.022
http://dx.doi.org/10.1016/j.colsurfb.2008.09.022
http://dx.doi.org/10.1016/j.colsurfb.2008.09.022
http://dx.doi.org/doi.org/10.1166/jbn.2005.012
http://dx.doi.org/doi.org/10.1166/jbn.2005.012
http://dx.doi.org/doi.org/10.1166/jbn.2005.012
http://dx.doi.org/10.1088/0957-4484/19/7/075103
http://dx.doi.org/10.1088/0957-4484/19/7/075103
http://dx.doi.org/10.1088/0957-4484/19/7/075103
http://dx.doi.org/10.1088/0957-4484/19/7/075103
http://dx.doi.org/ 10.1016/j.colsurfb.2005.11.026
http://dx.doi.org/ 10.1016/j.colsurfb.2005.11.026
http://dx.doi.org/ 10.1016/j.colsurfb.2005.11.026
http://dx.doi.org/ 10.1007/s40003-012-0049-z
http://dx.doi.org/ 10.1007/s40003-012-0049-z
http://dx.doi.org/ 10.1007/s40003-012-0049-z
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjC5bXD39PTAhUHPI8KHb6bDRsQFggoMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0025540807002358&usg=AFQjCNGRvVKp6v_4Fx3Qe9NyJPnqeQtZ1Q
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjC5bXD39PTAhUHPI8KHb6bDRsQFggoMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0025540807002358&usg=AFQjCNGRvVKp6v_4Fx3Qe9NyJPnqeQtZ1Q
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjC5bXD39PTAhUHPI8KHb6bDRsQFggoMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0025540807002358&usg=AFQjCNGRvVKp6v_4Fx3Qe9NyJPnqeQtZ1Q
http://dx.doi.org/10.1088/1468-6996/9/3/035012
http://dx.doi.org/10.1088/1468-6996/9/3/035012
http://dx.doi.org/10.1088/1468-6996/9/3/035012
http://dx.doi.org/10.1088/1468-6996/9/3/035012
http://dx.doi.org/10.1088/1468-6996/9/3/035012
http://dx.doi.org/10.1088/1468-6996/9/3/035012
http://dx.doi.org/10.1016/j.saa.2012.01.011
http://dx.doi.org/10.1016/j.saa.2012.01.011


Citation: Khan NT, Khan MJ, Jameel J, Jameel N, Rheman SUA (2017) An Overview: Biological Organisms That Serves as Nanofactories for Metallic 
Nanoparticles Synthesis and Fungi Being the Most Appropriate. Bioceram Dev Appl 7: 101. doi: 10.4172/2090-5025.1000101

Page 4 of 4

Volume 7 • Issue 1 • 1000101Bioceram Dev Appl, an open access journal
ISSN: 2090-5025

their activity against pathogenic bacteria. Spectrochim. Acta a Mol Biomol 
Spectrosc. 91: 23-29.

51. Gade A, Bonde PP, Ingle AP, Marcato P, Duran N, et al. (2008) Exploitation of
Aspergillus niger for synthesis of silver nanoparticles. JBMB. 2: 1–5.

52. Xie J, Lee JY, Wang DIC, Ting YP (2007) High-yield synthesis of complex gold 
nanostructures in a fungal system. J Phys Chem. C 111: 16858–16865.

53. Ingle A, Gade A, Pierrat S, Sonnichsen C, Rai M (2008) Mycosynthesis of silver 
nanoparticles using the fungus F. acuminatum and its activity against some
human pathogenic bacteria. Curr Nanosci. 4: 141-144.

54. Sadowski Z, Maliszewska GB, Polowczyk I, Kozlecki T (2008) Synthesis of
silver nanoparticles using microorganisms. Mater Sci-Poland. 26: 419-425.

55. Kumar SA, Peter YA, Nadaeu JL (2008) Facile biosynthesis, separation,
conjugation of gold nanoparticles to doxorubicin. Nanotechnology.

56. Ingle A, Gade A, Bawaskar M, Rai MK (2009) Fusarium solani: A novel biological 
agent for the extracellular synthesis of silver nanoparticles. J Nanopart Res. 11: 
2079–2085.

57. Raliya R (2013) Rapid, low-cost, and ecofriendly approach her for iron
nanoparticle synthesis using Aspergillus oryzae TFR9. J. Nanoparticles.

58. Tarafdar JC, Raliya R, Rathore I (2012) Microbial synthesis of phosphorous
nanoparticle from tri-calcium phosphate using Aspergillus tubingensis TFR-5.
J. Bionanosci 6: 84-89.

59. Das SK, Das AR, Guha AK (2009) Gold nanoparticles: Microbial synthesis and 
application in water hygiene management. Langmuir 25: 8192–8199.

60. Sarkar J, Ray S, Chattopadhyay D, Laskar A, Acharya K (2012) Mycogenesis
of gold nanoparticles using a phytopathogen Alternaria alternata. Bioprocess
Biosyst. Eng. 35: 637–643.

61. Binupriya AR, Sathishkumar M, Yun SI (2010) Biocrystallization of silver and
gold ions by inactive cell filtrate of Rhizopus stolonifer. Colloids Surf B. 79: 
531-534.

62. Mishra A, Tripathy S, Wahab R, Jeong SH, Hwang I, et al. (2011) Microbial
synthesis of gold nanoparticles using the fungus Penicillium brevicompactum
and their cytotoxic effects against mouse mayo blast cancer C2C12 cells. Appl. 
Microbiol Biotechnol. 92: 617-630.

63. Narayanan KB, Sakthivel N (2011) Facile green synthesis of gold nanostructures 
by NADPH-dependent enzyme from the extract of Sclerotium rolfsii. Colloids
Surf. A Physicochem Eng Asp. 380: 156–161.

64. Sanghi R, Verma P, Pouri S (2011) Enzymatic formation of gold nanoparticles
using phanerochaete chrysosporium. Sci. Res. 1: 154-162.

65. Philip D (2009) Biosynthesis of Au, Ag and Au-Ag nanoparticles using edible
mushroom extract. Spectrochim Acta Part A 73: 374-381.

66. Sanghi R, Verma P (2010) pH dependant fungal proteins in the “green”
synthesis of gold nanoparticles. Adv. Mater. Lett 1: 193–199.

67. Chuhan A, Zubair S, Tufail S, Sherwani A, et al. (2011) Fungus-mediated
biological synthesis of gold nanoparticles : Potential in detection of liver cancer. 
Int J Nanomed 6: 2305–2319.

68. Kathiresan K, Manivannan S, Nabeel AM, Dhivya B (2009) Studies on silver
nanoparticles synthesized by a marine fungus Penicillum fellutanum isolated
from coastal mangrove sediment. Colloids Surf B 71: 133-137.

69. Maliszewska I, Szewczyk K, Waszak K (2009) Biological synthesis of silver
nanoparticles. J Phys Conf Ser 146.

70. Fayaz AM, Balaji K, Girilal M, Yadav R, Kalaichelvan PT, et al. (2009) Mycobased 
synthesis of silver nanoparticles and their incorporation into sodium alginate
films for vegetable and fruit preservation. J. Agric. Food Chem 57: 6246-6252.

71. Fayaz AM, Balaji K, Girilal M, Yadav R, Kalaichelvan PT, et al. (2010) Biogenic 
synthesis of silver nanoparticles and their synergistic effect with antibiotics:
A study against gram-positive and gram-negative bacteria. Nanomed.
Nanotechnol. Biol. Med 6: 103-109.

72. Musarrat J, Dwivedi S, Singh BR, Al-Khedhairy AA, Azam A, et al. (2010)
Production of antimicrobial silver nanoparticles in water extracts of the fungus
Amylomyces rouxii strain KSU-09. Bioresour Technol 101: 8772-8776.

73. Saravanan M, Nanda A (2010) Extracellular synthesis of silver bionanoparticles 
from Aspergillus clavatus and its antimicrobial activity against MRSA and
MRSE. Colloids Surf. B Biointerfaces. 77: 214-218.

74. Raliya R, Tarafdar JC (2012) Novel approach for silver nanoparticle
synthesis using Aspergillus terreus CZR-1: mechanism perspective. J.
Bionano Sci 6: 12-16.

75. Rai M, Yadav A, Gade A (2009) Silver nanoparticles as a new generation of
antimicrobials. Biotechnology Advances. 27: 76-83.

76. Saha S, Sarkar J, Chattopadhyay D, Patra S, Chakraborty A, et al. (2010)
Production of silver nanoparticles by a phytopathogenic fungus Bipolaris
nodulosa and its antimicrobial activity. Dig J Nanomater Bios. 5: 887-895.

http://dx.doi.org/10.1016/j.saa.2012.01.011
http://dx.doi.org/10.1016/j.saa.2012.01.011
https://doi.org/10.1166/jbmb.2008.401
https://doi.org/10.1166/jbmb.2008.401
http://dx.doi.org/10.1021/jp0752668
http://dx.doi.org/10.1021/jp0752668
http://dx.doi.org/10.2174/157341308784340804
http://dx.doi.org/10.2174/157341308784340804
http://dx.doi.org/10.2174/157341308784340804
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.501.2985&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.501.2985&rep=rep1&type=pdf
http://dx.doi.org/10.1088/0957-4484/19/49/495101
http://dx.doi.org/10.1088/0957-4484/19/49/495101
http://dx.doi.org/10.1007/s11051-008-9573-y
http://dx.doi.org/10.1007/s11051-008-9573-y
http://dx.doi.org/10.1007/s11051-008-9573-y
http://dx.doi.org/10.1155/2013/141274
http://dx.doi.org/10.1155/2013/141274
http://dx.doi.org/10.1166/jbns.2012.1077
http://dx.doi.org/10.1166/jbns.2012.1077
http://dx.doi.org/10.1166/jbns.2012.1077
http://dx.doi.org/ 10.1021/la900585p
http://dx.doi.org/ 10.1021/la900585p
http://dx.doi.org/10.1007/s00449-011-0646-4
http://dx.doi.org/10.1007/s00449-011-0646-4
http://dx.doi.org/10.1007/s00449-011-0646-4
http://dx.doi.org/10.1016/j.colsurfb.2010.05.021
http://dx.doi.org/10.1016/j.colsurfb.2010.05.021
http://dx.doi.org/10.1016/j.colsurfb.2010.05.021
http://dx.doi.org/10.1007/s00253-011-3556-0
http://dx.doi.org/10.1007/s00253-011-3556-0
http://dx.doi.org/10.1007/s00253-011-3556-0
http://dx.doi.org/10.1007/s00253-011-3556-0
http://dx.doi.org/10.1016/j.colsurfa.2011.02.042
http://dx.doi.org/10.1016/j.colsurfa.2011.02.042
http://dx.doi.org/10.1016/j.colsurfa.2011.02.042
http://dx.doi.org/10.4236/aces.2011.13023
http://dx.doi.org/10.4236/aces.2011.13023
http://dx.doi.org/10.1016/j.saa.2009.02.037
http://dx.doi.org/10.1016/j.saa.2009.02.037
http://dx.doi.org/ 10.5185/amlett.2010.5124
http://dx.doi.org/ 10.5185/amlett.2010.5124
http://dx.doi.org/10.2147/IJN.S23195
http://dx.doi.org/10.2147/IJN.S23195
http://dx.doi.org/10.2147/IJN.S23195
http://dx.doi.org/10.1016/j.colsurfb.2009.01.016
http://dx.doi.org/10.1016/j.colsurfb.2009.01.016
http://dx.doi.org/10.1016/j.colsurfb.2009.01.016
http://dx.doi.org/10.1088/1742-6596/146/1/012025
http://dx.doi.org/10.1088/1742-6596/146/1/012025
http://dx.doi.org/10.1016/j.nano.2009.04.006
http://dx.doi.org/10.1016/j.nano.2009.04.006
http://dx.doi.org/10.1016/j.nano.2009.04.006
http://dx.doi.org/10.1016/j.nano.2009.04.006
http://dx.doi.org/10.1016/j.biortech.2010.06.065
http://dx.doi.org/10.1016/j.biortech.2010.06.065
http://dx.doi.org/10.1016/j.biortech.2010.06.065
http://dx.doi.org/10.1016/j.colsurfb.2010.01.026
http://dx.doi.org/10.1016/j.colsurfb.2010.01.026
http://dx.doi.org/10.1016/j.colsurfb.2010.01.026
http://dx.doi.org/10.1166/jbns.2012.1073
http://dx.doi.org/10.1166/jbns.2012.1073
http://dx.doi.org/10.1166/jbns.2012.1073
http://dx.doi.org/10.1016/j.biotechadv.2008.09.002
http://dx.doi.org/10.1016/j.biotechadv.2008.09.002
http://chalcogen.ro/887_Saha.pdf
http://chalcogen.ro/887_Saha.pdf
http://chalcogen.ro/887_Saha.pdf

	Title
	Corresponding Authors
	Abstract
	Keywords
	Introduction
	Microorganism as Bionanofactories
	An account of organisms responsible for Nanoparticle synthesis
	Bacteria in nanoparticle synthesis
	Plants in nanoparticle synthesis
	Algae in nanoparticle synthesis
	Fungi in nanoparticle synthesis
	Why Fungi being the most appropriate?
	Conclusion
	Table 1
	References

