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Introduction
Silver nanoparticles
Among different nanoparticles, Nanoparticles of silver is the 
most mentioned nanoparticle with increased production and 
commercialization along with widespread applications. A number 
of examples revealed that amalgamation of silver nanoparticles 
could be accomplished by using biological organisms. Extracellular 
synthesis of stable silver nano crystals has been documented 
in fungus Aspergillus flavus [1]. Similarly, endophytic fungi 
Epicoccum nigrum was found to synthesize Silver nanoparticles 
at different pH and temperature [2]. Similarly bacterias like 
Bacillus species and Brevibacterium casei are well known silver 
nanoparticle producers [3,4]. In addition spherical shaped silver 
nanoparticles of size 10-25 nm was reported to be synthesize by 
Curry leaf (Murraya koenigii) etc [5].

Synthetic approaches of silver nanoparticle 
synthesis
Presently there are quite a lot of methods employed in the 
fabrication of silver nanoparticles. But these approaches involve 
the applications of reducing agents like hydrazine [6], sodium 
borohydride [7], thiourea [8], thiophenol [9], mercaptoacetate 
[10] etc., which are hazardous and damaging to the environment. 
Such reducing agents make the synthesis process costly. 
Consequently biological synthesis of silver nanoparticle is now 
the most eco- friendly and cost effective process.

Biosynthesis of silver nanoparticle
Bio fabrication of silver nanoparticles could be accomplished 

by employing different types of biological organisms such as 
bacteria, plants and fungi.

Bacteria in silver nanoparticle synthesis
Silver nanoparticles have been produced by different bacteria 
as enlisted in Table 1. Production of uniformly distributed Silver 
nanoparticles of size 50nm was reported in Escherichia coli 
[11,12]. Furthermore by varying the physiochemical factors such 
as pH, temperature, substrate concentration and incubation 
time, size of silver nanoparticle could be controlled [11]. On the 
other hand extremophilic Ureibacillus thermosphaericus was 
explored to have potential to produce silver nanoparticle at raised 
temperatures and increased silver ion concentrations. Using a 
concentration of 0.01 M AgNO3 at 800°C temperature maximum 
yield of Silver nanoparticles could be achieved [13]. Bacillus cereus 
[14], Bacillus thuringiensis [15] and Corynebacterium strain SH09 
[16] have also been reported to produce Silver nanoparticles. In 
another reported study, Pediococcus pentosaceus, Lactococcus 
garvieae and Enterococcus faecium, were used to produce Silver 
nanoparticles non-enzymatically through the interaction of 
organic compounds present on the surface of the bacterial cell 
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with silver ions. Lactobacillus spp depicts rapid synthesis of Silver 
nanoparticles for better silver nanoparticle recovery at high pH 
[17-31] etc. 

Plants in silver nanoparticle synthesis
Names of well-known plants are enlisted in (Table 2) which is 
recognized as silver nanoparticle producers. Formation of silver 
nanoparticles at high temperature of 95°C was reported in 
Cardiospermum helicacabum leaf extracts [33]. Similarly rate of 
bioreduction is directly proportional to the broth concentration 
while studying the production of silver nanoparticle in Curry 
leaf (Murraya koenigii) extract [34]. Thus reaction kinetics and 
morphology of nanoparticles is affected by precursor solution 
(silver nitrate) and reductant (plant extract) concentration [35] 
as depicted during the formation of silver nanoparticle from 
an aqueous extract of Pulicaria glutinosa. Silver nanoparticles 
synthesis from clove extract [35] and Aloe vera plant extract 
[36] have also been reported. Myco-nanotechnology is the 
fabrication of metallic nanoparticles by employing fungi. This 
technology combines nanotechnology with mycology with 
extensive potential, mainly due to widespread occurrence and 
diversity of fungi [37-45]. Names of well-known fungal species 
have been enlisted in Table 3 which is currently recognized as 
silver nanoparticle producers [46-59]. 

Conclusion
Thus we can conclude that biological organisms such as Fungi, 
Bacteria, and plants could be employed as suitable nano-factories 
for the biological synthesis of nanoparticles of silver.

S.no Organism Size (nm)
1 Bacillus cereus 4 and 5 [18]

2 Bacillus licheniformis 50 [19,20]

3 Bacillus megaterium 46.9 [21]
4 Bacillus sp. 5–15 [22]
5 Bacillus subtilis 5–60 [23]
6 Brevibacterium casei 50 [20]
7 Corynebacterium sp. 10–15 [16]
8 Escherichia coli 1–100 [24]
9 Geobacter sulfurreducens 200 [25]

10 Klebsiella pneumonia (culture supernatant) 50 [26]
11 Lactic acid bacteria 11.2 [27]
12 Lactobacillus Strains 500 [28]
13 Morganella sp. 20 [29]
14 Proteus mirabilis 10–20 [29]
15 Pseudomonas stutzeri AG259 200 [30]
16 Staphylococcus aureus 1–100 [31]

Table 1. List of bacteria synthesizing silver nanoparticle of various size.

S.no  Organism Size(nm)
1 Azadirachta indica 50 [36]
2 Carica papaya 60–80 [37]
3 Cinnamomum camphora leaf 55–80 [38]
4 Cinnamomum camphora Leaf 5–40 [39]
5 Coriandrum sativum leaf extract 26 [40]
6 Gliricidia sepium 10–50 [41]
7 Glycine max (soybean) leaf extract 25–100 [42]
8 Jatropha curcas 10–20 [43]
9 Phyllanthus amarus 18–38 [44]

Table 2. List of plants synthesizing silver nanoparticle of various size.

S.no Microorganism Size (nm)
1 Aspergillus clavatus 10-25 [45]
2 Aspergillus flavus 1.61-8.92 [46]
3 Aspergillus fumigatus 5-25 [47]
4 Aspergillus niger 20 [48]
5 Cladosporium cladosporioides 10-100 [49]
6 Fusarium acuminatum 5-40 [50]
7 Fusarium oxysporum 5-50 [51]
8 Fusarium semitectum 10-60 [52]
9 Fusarium solani 5-35 [53]

10 Penicillium brevicompactum WA 2315 23-105 [54]
11 Penicillium fellutanum 1-100 [55]
12 Phanerochaete chrysosporium 100 [47]
13 Trichoderma asperellum 13-18 [56]
14 Trichoderma viride 5-40 [57]
15 Verticillium sp. 12-25 [58]
16 Yeast strain MKY3 2-5 nm [59]

Table 3. List of fungi synthesizing silver nanoparticles.



Vol. 3 No. 1: 5

2017

3© Under License of Creative Commons Attribution 3.0 License

JA
                           Biochemistry & Molecular Biology Journal 

ISSN 2471-8084

References
1	 Rai M, Yadav A, Gade A (2009) Silver nanoparticles as a new 

generation of antimicrobials. Biotechnology Advances. 27: 176–183.

2	 Qian Y, Yu H, He D, Yang H, Wang W, et al. (2013) Biosynthesis of 
silver nanoparticles by the endophytic fungus Epicoccum nigrum and 
their activity against pathogenic fungi. Bioprocess and Biosystems 
Engineering. 36: 1613-1619.

3	 Kalimuthu K (2010) Biosynthesis of silver and gold nanoparticles 
using Brevibacterium casei. Colloids and Surfaces B: Biointerfaces. 
77: 257-262.

4	 Babu GMM, Gunasekaran P (2009) Production and structural 
characterization of crystalline silver nanoparticles from Bacillus 
cereus isolate. Colloids Surf B Biointerfaces. 74: 191-195.

5	 Christensen L, Vivekanandhan S, Misra M, Mohanty AK (2011) 
Biosynthesis of silver nanoparticles using Murraya koenigii (curry 
leaf): An investigation on the effect of broth concentration in 
reduction mechanism and particle size. Adv. Mat. Lett. 2: 429-434.

6	 Choudary BM, Madhi S, Chowdari NS, Kantam ML, Sreedhar B (2002) 
Layered double hydroxide supported nanopalladium catalyst for 
Heck-, Suzuki, Sonogashira, and Stille-type coupling reactions of 
chloroarenes. J Am Chem Soc 124: 14127–14136.

7	 Wang Y, Du MH, Xu JK, Yang P, Du YK (2008) Antifungal activity of 
silver nanoparticles. Journal of Dispersion Science and Technology 
29: 891–894.

8	 Pattabi M, Uchil J (2000) Green synthesis of CdS nanoparticles and 
effect of capping agent concentration on crystallite size. Solar Energy 
Mater Solar Cell 63: 309–314.

9	 Ravindran TR, Arora AK, Balamurugan B, Mehta BR (2009) Resonance 
materials in physics biology and medicine. Mater Res Innov 13: 32-34.

10	 Liu SM, Liu FQ, Guo HQ, Zhang ZH, ZG (2000) Condensed matter 
physics and medicine. Solid State Commun 115: 615-618.

11	 Gurunathan S, Kalishwaralal K, Vaidyanathan R, Venkataraman 
D, Pandian SR, et al. (2009) Biosynthesis, purification and 
characterization of silver nanoparticles using Escherichia coli. 
Colloids and Surfaces A: Biointerfaces. 74: 328-335.

12	 Sangiliyandi G, Kalishwaralal K, Vaidyanathan R, Venkataraman 
D, Pandian SR, et al. (2009) Biosynthesis, Purification and 
characterization of silver nanoparticles using Escherichia coli. 
Colloids and Surfaces B: Biointerfaces. 74: 328-335.

13	 Juibari MM, Abbasalizadehb S, Jouzanib GS, Noruzic M (2011) 
Intensified biosynthesis of silver nanoparticles using a native 
extremophilic Ureibacillus thermosphaericus strain. Materials 
Letters. 65: 1014–1017.

14	 Babu GMM, Gunasekaran P (2009) Production and structural 
characterization of crystalline silver nanoparticles from Bacillus 
cereus isolate. Colloids Surf B Biointerfaces 74: 191-195s.

15	 Jain D, Kachhwaha S, Jain R, Srivastava G, Kothari SL (2010) Novel 
microbial route to synthesize silver nanoparticles using spore crystal 
mixture of Bacillus thuringiensis. Indian J Exp Biol 48: 1152-1156.

16	 Zhang H, Li Q, Lu Y, Sun D, Lin X, et al. (2005) Biosorption and 
bioreduction of diamine silver complex by Corynebacterium. Journal 
of Chemical Technology and Biotechnology 80: 285–290.

17	 Sintubin L, De Windt W, Dick J, Mast J, Van der Ha D, et al. (2009) 
Lactic acid bacteria as reducing and capping agent for the fast 
and efficient production of silver nanoparticles. Appl Microbiol 
Biotechnol 84: 741-749.

18	 Ganesh Babu MM, Gunasekaran P (2009) Production and structural 
characterization of crystalline silver nanoparticles from Bacillus 
cereus isolate. Colloids Surf B 74: 191–195.

19	 Kalimuthu K, Babu RS, Venkataraman D, Mohd B, Gurunathan S 
(2008) Biosynthesis of silver nanocrystals by Bacillus licheniformis. 
Colloids Surf B 65: 150–153.

20	 Kalishwaralal K, Deepak V, Ramkumarpandian S, Nellaiah H, 
Sangiliyandi G (2008) Extracellular biosynthesis of silver nanoparticles 
by the culture supernatant of Bacillus licheniformis. Mater Lett 62: 
4411–4413.

21	 Fu JK, Zhang WD, Liu YY, Lin ZY, Yao BX, et al. (1999) Characterization 
of adsorption and reduction of noble metal ions by bacteria. Chin J 
Chem Univ 20: 1452–1454.

22	 Pugazhenthiran N, Anandan S, Kathiravan G, Prakash NKU, 
Crawford S, et al. (2009) Microbial synthesis of silver nanoparticles 
by Bacillus sp. J Nanopart Res 11: 1811–1815.

23	 Saifuddin N, Wong CW, Nur yasumira AA (2009) Rapid biosynthesis 
of silver nanoparticles using culture supernatant of bacteria with 
microwave irradiation. Eur J Chem 6: 61–70.

24	 Gurunathan S, Kalishwaralal K, Vaidyanathan R, Venkataraman 
D, Pandian SRK, et al. (2009b) Biosynthesis, purification and 
characterization of silver nanoparticles susing Escherichia coli. 
Colloids Surf B 74: 328–335.

25	 Law N, Ansari S, Livens FR, Renshaw JC, Lloyd JR. (2008) The formation 
of nano-scale elemental silver particles via enzymatic reduction by 
Geobacter sulfurreducens. Appl Environ Microbiol 74: 7090–7093.

26	 Ahmad RS, Sara M, Hamid RS, Hossein J, Ashraf-Asadat N (2007) 
Rapid synthesis of silver nanoparticles using culture supernatants 
of Enterobacteria: A novel biological approach. Process Biochem 42: 
919–923.

27	 Nair B, Pradeep T (2002) Coalescence of nanoclusters and formation 
of submicron crystallites assisted by Lactobacillus strains. Cryst. 
Growth Des 2: 293-298.

28	 Parikh RY, Singh S, Prasad BL, Patole MS, Sastry M, et al. (2008) 
Extracellular synthesis of crystalline silver nanoparticles and 
molecular evidence of silver resistance from Morganella. sp. towards 
understanding biochemical synthesis mechanism. Chem Biochem 9: 
1415–1422.

29	 Tanja K, Ralph J, Eva O, Claes- Georan G (1999) Silver-based 
crystalline nanoparticles, microbially fabricated. Proc Natl Acad Sci 
96: 13611–13614.

30	 Nanda A, Saravanan M (2009) Biosynthesis of silver nanoparticles 
from Staphylococcus aureus and its antimicrobial activity against 
MRSA and MRSE. Nanomedicine 5: 452–456.

31	 Mitra B, Vishnudas D, Sant SB, Annamalai A (2012) Green-synthesis 
and characterization of silver nanoparticles by aqueous leaf extracts of 
Cardiospermum helicacabum leaves. Drug Invention Today 4: 340-344.

32	 Christensen L, Vivekanandhan S, Misra M, Mohanty AK (2011) 
Biosynthesis of silver nanoparticles using Murraya koenigii (curry 
leaf): An investigation on the effect of broth concentration in 
reduction mechanism and particle size. Adv. Mat. Lett 2: 429-434.

33	 Khan M, Khan M, Adil SF, Tahir MN, Tremel W, et al. (2013) Green 
synthesis of silver nanoparticles mediated by Pulicaria glutinosa 
extract. Int J Nanomedicine 8: 1507-1516.

34	 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.



2017
Vol. 3 No. 1: 5

4  This article is available in: http://biochem-molbio.imedpub.com/archive.php

                           Biochemistry & Molecular Biology Journal 
ISSN 2471-8084

35	 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.	

36	 Shankar SS, Rai A, Ahmad A, Sastry M (2004) Rapid synthesis of 
Au, Ag and bimetallic Au core–Ag shell nanoparticles using neem 
(Azadirachta indica) leaf broth. J. Colloid Interface Sci 275: 496–502.

37	 Mude N, Ingle A, Gade A, Rai M (2009) Synthesis of silver 
nanoparticles using callus extract of Carica papaya – A first report. J 
Plant Biochem Biotechnol 18: 83–86.

38	 Huang J, Li Q, Sun D, Lu Y, Su Y (2007) Biosynthesis of silver and 
gold nanoparticles by novel sundried Cinnamomum camphora leaf. 
Nanotechnology 18: 105104.1–105104.11.

39	 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.

40	 Sathyavathi R, Krishna MB, Rao SV, Saritha R, Rao DN (2010) Biosynthesis 
of silver nanoparticles using Coriandrum sativum leaf extract and their 
application in nonlinear optics. Adv Sci Lett 3: 138–143.

41	 Raut R, Jaya SL, Niranjan DK, Vijay BM, Kashid S (2009) Photosynthesis 
of silver nanoparticle using Gliricidia sepium (Jacq.). Curr Nanosci 5: 
117–122.

42	 Vivekanandhan S, Misra M, Mohanty AK (2009) Biological synthesis 
of silver nanoparticles using Glycine max (soybean) leaf extract: An 
investigation on different soybean varieties. J Nanosci Nanotechnol 
9: 6828–6833.

43	 Bar H, Bhui DK, Gobinda PS, Priyanka S, Santanu P, et al. (2009) Green 
synthesis of silver nanoparticles using seed extract of Jatropha 
curcas. Colloids Surf A Physico Chem Eng Asp 348: 212–216.

44	 Kasthuri J, Kathiravan K, Rajendiran N (2009) Phyllanthin-assisted 
biosynthesis of silver and gold nanoparticles: A novel biological 
approach. J Nanopart Res 11: 1075–1085.

45	 Verma VC, Kharwar RN, Gange AC (2010) Biosynthesis of antimicrobial 
silver nanoparticles by the endophytic fungus Aspergillus clavatus. 
Nanomedicine 5: 33–40.

46	 Vigneshwaran N, Kathe A (2007) Silver-protein (core-shell) 
nanoparticle production using spent mushroom substrate. Langmuir 
23: 7113–7117.

47	 Bhainsa KC, D Souza SF (2006) Extracellular biosynthesis of silver 
nanoparticles using the fungus Aspergillus fumigatus. Colloids and 
Surfaces B: Biointerfaces 47: 160–164.

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

49	 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 and Surfaces B: Biointerfaces 68: 88-92.

50	 Ingle A, Gade A, Pierrat S, So¨nnichsen 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.

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

52	 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.

53	 El-Rafie MH, Mohamed AA, Shaheen THI, Hebeish A (2010) Anti-
microbial effect of silver nanoparticles produced by fungal process 
on cotton fabrics. Carbohydr Polym 80: 779–782.

54	 Shaligram NS, Bule M, Bhambure R, Singhal RS, Singh SK, et al. (2009) 
Biosynthesis of silver nanoparticles using aqueous extract from the 
compactin producing fungal strain. Proc Biochem 44: 939–943.

55	 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.

56	 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.

57	 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.

58	 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.

59	 Kowshik M, Ashtaputre S, Kharrazi S, Vogel W, Urban J, et al. (2003) 
Extracellular synthesis of silver nanoparticles by a silver-tolerant 
yeast strain MKY3. Nanotechnology 14: 95–100.


