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7 Abstract

s Bionanotechnology is an emerging field, which involves multidisciplinary areas such as

9 engineering, chemistry, biology, among others. Bionanotechnology encompasses the production
10 of organic and inorganic nanomaterials by living organisms such as vegetable, animal and

11 microbial cells. In this sense, the microbial productions of metallic nanoparticles have drawn
12 much attention mainly due to their alignment with the principles and concepts of green

13 chemistry (no need for organic solvent). A wide diversity of biological organisms, such as

14 bacteria, lichens, fungi, yeasts and algae, produce metallic nanoparticles. This mini-review

15 specifically highlights the main keys to the production of copper nanoparticles by bacteria and
16 fungi. In addition, this report indicates the lack of knowledge on the production of copper

17 nanoparticles by algae, as well as the purification and application of metallic nanoparticles.

18

19 Index terms— metallic nanoparticles, cooper nanoparticles, microorganisms, biotechnological processes.

» 1 1. Introduction

21 anotechnology is an emerging field. The application of nanomaterials is predicted to reach 58,000 tons by
22 2020 (Maynard et al., 2006). Nanoparticles are defined to range within 1-100 nm (diameter). The chemical
23 composition, size and shape of nanoparticles have a significant effect on their properties (Singh et al., 2010;Gurav
24 et al., 2014;Shobha et al., 2014).

25 One of the earliest studies on the production of metallic nanoparticles by microorganisms (bacteria) was
26 reported by Temple and Le Roux, (1964). However, only in the 21 st century has the production of metallic
27 nanoparticles been more deeply investigated.

28 The electro-chemical method is the most feasible to produce copper nanoparticle (short period of time to
20 synthesize large quantities of nanoparticles). In this sense, nChemi -a startup company located in Sao Carlos,
30 Brazil -has been working on developing, customizing and fabricating metal oxide nanoparticles by the electro-
31 chemical method (nChemi, 2017). However, the production of metallic nanoparticles by living organisms has
32 competitive advantages over the electro-chemical method, such as being eco-friendly (green chemistry concept)
33 (Shobha et al., 2014;Cuevas et al., 2015).

34 Among the metallic nanoparticles produced by living organisms, gold, silver and iron are the most
35 wellknown (investigated). The metallic nanoparticle producers (living cells) have unique characteristics such
36 as magnetosomes (organelles) that store magnetic nanocrystals composed of greigite (Fe 3 S 4 ) or magnetite (Fe
37 30 4) (Singh, 2015). These metallic nanoparticles are produced by both intra and extracellular biocompounds.
38 The wide range of molecules favors the reduction of metal ions -Brust-Schiffrin synthesis (bottom-up approach)
39 ?77Singh et Although researchers have focused mainly on silver, gold and iron nanoparticles, copper nanoparticles
40 have drawn attention due to their unique properties such as electrical, magnetic, thermal, antimicrobial
a1 (Escherichia coli, Bacillus subtilis, Vibria cholera, Pseudomonas aeruginosa, Syphillis typhus and Staphylococcus
42 aureus), optical and catalytic, which can be used in electronic devices (lithium batteries), magnetic phase
43 transitions, gas sensors, industrial cooling and heating, mass transfer enhancement, energy storage devices, in
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3 A) BACTERIA

the production of cosmetics and pharmaceuticals, etc ??Varshney et al., 2010;Gurav et al. 2014;Shobha et al.,
2014;Cuevas et al., 2015, Shankar et al., 2016).

Therefore, there is a trend towards nanotechnology; particularly that applying living cells (e.g., the production
of copper nanoparticles) becomes increasingly important, due to its competitiveness, effectiveness and low
operational cost ??Salvadori et al., 2013).

2 1II. Microbial Production of Copper Nanoparticles

The production of copper nanoparticles by microorganisms (e.g., bacteria, fungi and algae) is relatively a novel
approach. There is a wide variation in the production of metallic nanoparticles by living cells (e.g., organelles
and compounds responsible for production, shape and size of nanoparticles), which depends on the mechanisms
of metal ions bioreduction (Singh, 2015).

3 a) Bacteria

In general, the production of metallic nanoparticles by bacteria takes advantages of shorter generation times, for
instance Escherichia coli (bacteria) 18 minutes (Bremer, 1982), versus Saccharomyces cerevisiae (yeast) 100
minutes (Hartwell 1974) or Chlorella vulgaris (microalgae) 3.35 days (Andrade et al., 2014). Usually, the
production of metallic nanoparticles by bacteria occurs during the stationary phase. In theory, when compared to
the logarithmic phase, greater metabolic stress is observed during the stationary phase. Consequently, metabolites
with greater capacity of chemically reducing other compounds are synthesized during the stationary phase. Thus,
these metabolites are able to reduce metal ions, which lead to the production of metallic nanoparticles (Hasan
et al., 2007;Shobha et al., 2014;Ammar, 2016).

Theoretically, the metallic nanoparticle production is a very general microbial detoxification mechanism
(soluble metals ? insoluble nanosized structures), since copper ions lead to change in the helical structure
by cross-linking and, consequently, to many biochemical pathways (Abboud et al., 2014). A wide range of
bacteria (Table 1) is able to reduce metal ions (metallic nanoparticle production) by their compounds such as
proteins, polysaccharides and periplasmic proteins (Singh et al., 2010; ??e et al., 2013;Shobha et al., 2014;Singh
et al., 2015). For instance, Singh et al. (2010) described the production of nanoparticles from Escherichia coli
proteins, in which E. coli was cultivated in citrate minimal medium. The biomass was recovered (centrifugation)
and suspended in an aqueous 1 mM CuSO 4 solution. The secreted proteins were precipitate by trichloroacetic
acid followed by dialysis (deionized water) for 24 hours. Then, the proteins were concentrated by membrane
(molecular weight cut-off of 3 kDa) and their profile was studied by electrophoresis. In conclusion, the proteins
with 22 kDa, 25 kDa, and 52 kDa were related to the production of copper oxide nanoparticles and acted on
their stabilization (cooper oxide nanoparticle). Belchik et al. (2011) proved that the outer membrane c-type
cytochromes of Shewanella oneidensis MR-1 played an important role in the reduction of Cr(VI). The authors
evaluated the effects on Cr(VI) reduction by deleting the mtrC and/or omcA gene. When compared with
nonengineered Shewanella oneidensis MR-1 (wild), the mtrC knockout led the rate of reduction of Cr(VI) to
43.5%, omcA by 53.4%, both mtrC and omcA genes by 68.9% of reduction. Then, the authors proved that
purified MtrC and OmcA reduced Cr(VI).

Mat Zain et al. ( ??014) produced cooper nanoparticles by using ascorbic acid (reducing agent) in the presence
of chitosan and microwave heating, in which 40 mL of copper nitrate solution (10, 30 or 50 mM) was mixed with
40 mL of chitosan solution (1, 2 or 3% w/v) and 4 mL of a 10% (w/v) ascorbic acid solution. Chitosan led
to the higher stability of cooper nanoparticles and avoided agglomeration. The authors defined the synthesis
of cooper nanoparticle as fast, inexpensive, environmentally friendly and high energyefficient. In addition, the
concentration of chitosan was positively correlated to cooper nanoparticle size.

Varshney et al. ( ?7010) reported an easy, fast, and cost-effective production of copper nanoparticles by
the non-pathogenic bacteria Pseudomonas stutzeri. The copper nanoparticles showed great stability. Thus, the
metabolites from Pseudomonas stutzeri produced copper nanoparticles besides stabilizing them.

Therefore, many biocompounds are able to reduce metal ions, producing metal nanoparticles.

The initial concentration of cooper ions strongly affects the production of nanoparticles by living cells, for
instance, Honary et al. ( ?7?012) tested three species of Penicillium: P. aurantiogriseum, P. citrinum and P.
waksmanii, which were cultivated in a fluid zapex dox broth at 28 °C, 200 rpm for 10 days. Then, they were
centrifuged and their supernatants were used for producing cooper nanoparticles, that is, the authors used the
metabolites produced during the fermentation instead of the living cells (directly). In addition, the effects of
cooper concentration (1, 3 and 5 mM of CuSO 4 ) and pH (5, 6, 7, 8 and 9) were investigated. The authors
reported a direct correlation among pH, concentration of cooper, polydispersity index and particle size, that
is, the 5 mM CuSO 4 (highest concentration) led to the largest copper nanoparticles (diameter), whereas pH 5
(the lowest pH), led to the production of smallest (diameter) copper nanoparticles. Moreover, the same trend
(correlation among pH, concentration of cooper, polydispersity index and particle size) was observed among the
three species. 2). Compared with the biotechnological processes that apply bacteria, algae, cyanobacteria and
plants, fungi are more resistant to mutations and have the ability to synthesize silica nanoparticles. Nevertheless,
there is no consensus on the biomechanism of the metallic nanoparticle production. In other words, there is no
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evidence that a specific type of protein, or carbohydrate, or lipid or any other molecule is the major responsible
for the production of metallic nanoparticles (Singh, 2015).

In this sense, proteins appear to be fundamental to the production of copper nanoparticles, in which the amide
groups lead to stability and to capping agents around copper nanoparticles (Shobha et al., 2014). On the other
hand, studies have indicated that secreted enzymes by fungi act on the production of metallic nanoparticles
(instead of only on the stability) (Cuevas et al., 2015). However, other compound types are also related to
the production of metal (silver) nanoparticles such as anthraquinone pigments and their derivatives, which were
produced by Fusarium oxysporum strains (Duran et al., 2005).

In a very specific study, Jain et al. (2010) detailed the profiles of the extracellular proteins (Aspergillus flavus)
during the synthesis of silver nanoparticles. The authors investigated mainly two proteins, 32 kDa and 35 kDa,
in which the 32 kDa protein acted as reductase (production of silver nanoparticles) and the 35 kDa protein
enhanced the stability of the silver nanoparticles.

The oxidative stress is often related to a high concentration of metals (e.g. Ag, Fe, Cu, Co, Cd and Cu)
(Jomova and Valko, 2011). Ramezani et al. (2010) highlighted the correlation between the production of
glutathione (glutathione-like) and heavy metal stress (cadmium) in yeasts, in which metallic nanoparticles were
produced. In theory, cells feel the decrease in glutathione/oxidized glutathione and then begin to synthesize more
glutathione (injurious response). Thus, the glutathione antioxidant defense system is critical for the survival of
the microbial cells.

In addition, other factors inherent in any biotechnological production seem to affect the production of metallic
nanoparticles. For example, Salvadori et al. ( 7?013) indicated the effect of pH on the production of metallic
nanoparticles by Hypocrea lixii. On the one hand, at an acid pH (2-4), the membrane of microorganisms
is positively charged with consequent reduction of metal biosorption. On the other hand, at pH 5, the cell
membrane is negatively charged, which favors the biosorption of copper. Thus, the membrane is expected to be
fundamental for the metallic nanoparticles, instead of cytoplasm ??Salvadori et al., 2013).

An interesting approach was described by Ahmad et al. (2007)

4 III. Recovery and Purification of Microbial Copper Nanopar-
ticles

To the best of our knowledge, there is no report on the purification of copper nanoparticles and there is little
information about the purification of metallic nanoparticles (biogenic production). However, Vijayaraghavan et
al. (2011) cited that gold nanoparticles adhered to the surface of the biomaterial may be recovered by sonication.
Thakkar et al. (2010) suspended the fungal mycelia in deionized water then filtered it (Whatman). Silver
nitrate was added to the filtrated solution (metallic nanoparticle production). The metallic nanoparticle solution
was dried under an infrared lamp. Singh, (2015) indicates that the procedures for recovering extracellularly
synthesized nanoparticles are centrifugation or filtration. The nanoparticles should then be stored in the dark
at low temperature. Yet, for the intracellular production, prior to the recovery of metallic nanoparticles, the
microbial cells have to be lysed (lysis buffer, sonication and detergent solutions).

5 IV. Application of Microbial Copper Nanoparticles a) An-
timicrobial

In 2008, the United States Environmental Protection Agency approved copper as an antimicrobial agent,
particularly against harmful bacteria (potentially deadly microbial infections). In this sense, attention has been
drawn to the bactericidal effect of cooper nanoparticles (Theivasanthi et al., 2011).

The cooper nanoparticles produced by ascorbic acid, chitosan and microwave heating were slightly more
effective (minimum inhibitory concentration) Abboud et al. (2014) detailed the antibacterial properties of copper
nanoparticles produced by algae extract against bacteria Enterobacter aerogenes and Staphylococcus aureus by
using the agar disc diffusion method. Regarding cooper nanoparticles, the radial diameter of the inhibition
against E. aerogenes and S. aureus were of 14 and 16 mm, respectively. Moreover, the algae extract did not
show antibacterial activity. Theivasanthi et al. (2011) produced copper nanoparticles by dissolving CuSO 4
in distilled water and electrolyzing this solution. Then, the authors recovered the copper nanoparticles at the
cathode and showed their antimicrobial properties against Escherichia coli and Bacillus megaterium by using
the agar disc diffusion method, in which the diameter of inhibition against E. coli mm and B. megaterium were
15 mn and 5 mm, respectively. Merin et al. (2010) reported the antimicrobial activity of silver nanoparticles
produced by Chaetoceros calcitrans, Chaetoceros salina, Isochrysis galbana and Tetraselmis gracilis (microalgae)
against Klebsiella sp., Proteus vulgaris, Pseudomonas aeruginosa and against Escherichia coli by using the Muller
Hinton agar disc diffusion method. The silver nanoparticles produced from I. galbana showed the highest zone
of inhibition against Klebsiella sp. (? 20 mm), whereas the silver nanoparticles produced by C. salina showed
the highest zone of inhibition against P. vulgaricus and P. aeruginosa.

To the best of our knowledge, despite the broad potential application of copper nanoparticles (biogenic), only
their antimicrobial properties were investigated. The two main limitations on the microbial production of metallic
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7 CONCLUSION

nanoparticles are to achieve the monodisperse size production and the lack of knowledge on the mechanism of
the synthesis of metallic nanoparticles.

6 VI.
7 Conclusion

Compared to copper, the biogenic recovery (production of metal nanoparticles) of other metals such as gold,
silver and iron has been much deeply investigated. The biogenic production of copper nanoparticles by bacteria
and fungi is relatively well known; on the other hand, the biogenic production of copper nanoparticles by algae
is very rare. There is no consensus on which type of biomolecules (e.g. proteins, carbohydrates, lipids, etc)
plays a major role in the production/stabilization of copper nanoparticles. To the best of our knowledge, there
are no procedures concerning the purification of copper nanoparticles (biogenic). In addition, despite the many
potential applications of copper nanoparticles (biogenic), only their antimicrobial properties were described. !

Figure 1:
1
Year 2017
28
XVII Issue I Version I
Journal of Researches in Engi-
neering ( ) Volume C
Global
Bacteria Shape Diameter  Copper Reference
* Source
Pseudomonas stutzeri Spherical 8-15 CuSO 4 (Varshney et al., 2010)
Pseudomonas stutzeri Cubic 50- CuSO 4 (Varshney et al., 2011)
150
Pseudomonas sp. Cubic 84- Metallic ~ (Shobha et al., 2014)
130 copper
Escherichia coli quasi-spherical 10-40 CuSO 4 (Singh et al., 2010)
Streptomyces sp. X 100- CuSO 4 (Usha et al., 2010)
200
Serratia sp. Cubic 10-30 CuSO 4 (Shobha et al., 2014)

[Note: * (nm)]

Figure 2: Table 1 :

1 An Overview on The Production of Microbial Copper Nanoparticles By Bacteria, Fungi and Algae © 2017
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valence-controlled nanosynthesis capability of the
Humicola sp. biosynthesis. Moreover, the material
formed was free of any impurities (e.g CuO, Cu 2 O or

Al1203).

[Note: * nm ? yeast c) AlgaeTo the best of our knowledge, Abboud et al. (]

3

Algae

Bifurcaria bifurcata

Chlorella sp. MM3
Stoechospermum marginatum
Sargassum wightii

Turbinaria conoides
Laminaria Japonica
Sargassum myriocystum
Kappaphycus alvarezii
Chlorococcum humicola

(nm)

?7 small percentage of elongated particles

Therefore,

Humsgola
Figure 3: Table 2 :
Shape Diameter
*
Source
spherical 5-45
Other metallic nanoparticles
spherical 5-50
spherical 18.7-
93.7
spherical 8-12
cubic 20-80
cubic 15-20
spherical 10-23
spherical 10-40
spherical 2-16
theproduction of copper

nanoparticles by algae should be investigated.

Figure 4: Table 3 :

explotfiagnique

Copper Reference

CuSO  (Abboud et al., 201

4

FeCl 3 (Subramaniyam et
2016)

HAuCl (Rajathi et al., 2011

4

HAuCl (Singaravelu et

4 2007)

HAuC (Vijayaraghavan et

4 2011)

HAuCl (Ghodake and

4 2011)

HAuC (Dhas et al., 2012)

4

HAuC (Rajasulochana et

4 2010)

AgNO (Jena et al., 2013)

3



7 CONCLUSION




173
174
175

176
177
178
179

180
181

182

184

185
186

187
188

190
191

192
193
194

195
196

197
198

199
200
201

202
203
204
205

206
207
208

209
210
211

212
213
214
215

216
217

218
219
220

221
222

223

224
225

226
227
228

[Singaravelu et al. (2007)] ‘A novel extracellular synthesis of monodisperse gold nanoparticles using marine alga,
Sargassum wightii Greville’. G Singaravelu , J S Arockiamary , G V Kumar , K Govindaraju . Colloids and
Surfaces B: Biointerfaces 2007. May. 57 p. .

[Shankar et al. (2016)] ‘A review on the biosynthesis of metallic nanoparticles (gold and silver) using biocom-
ponents of microalgae: Formation mechanism and applications’ P D Shankar , S Shobana , I Karuppusamy
, I Pugazhendhi , V S Ramkumar , S Arvindnarayan , G Kumar . Enzyme and Microbial Technology 2016.
December. 95 p. .

[Merin et al. (2010)] ‘Antibacterial screening of silver nanoparticles synthesized by marine micro algae’. D D
Merin , S Prakash , B V Bhimba . Asian Pacific Journal of Tropical Medicine 2010. October. 3 p. .

[Hasan et al. (2007)] ‘Bacterial synthesis of copper/copper oxide nanoparticles’. S S Hasan , S Singh , R Y Parikh
, M S Dharne , M S Patole , B L V Prasad , Y S Shouche . Journal of Nanoscience and Nanotechnolongy
2007. June. 8 p. .

[Shobha et al. (2014)] ‘Biological synthesis of copper nanoparticles and its impact -a review’. G Shobha , V Moses
, S Ananda . International Journal of Pharmaceutical Science Invention 2014. August. 3 p. .

[Lee et al. (2013)] ‘Biological synthesis of copper nanoparticles using Magnolia kobus leaf extract and their
antibacterial activity’. H-J Lee , J Y Song , B S Kim . Journal of Chemical Technology and Biotechnology
2013. April. 8 p. .

[Singh et al. ()] ‘Biological synthesis of copper oxide nano particles using Escherichia coli’. V Singh , R Patil , A
Ananda , P Milani , W Gade . Current Nanoscience 2010. 6 p. .

[Ghodake and Lee (2011)] ‘Biological synthesis of gold nanoparticles using the aqueous extract of the brown
algae Laminaria japonica’. G Ghodake , D S Lee . Journal of Nanoelectronics and Optoelectronics 2011.
August. 6 p. .

[Thakkar et al. (2010)] ‘Biological synthesis of metallic nanoparticles’ K N Thakkar , S S Mhatre , M S Parikh
. Nanomedicine: Nanotechnology, Biology and Medicine 2010. April. 6 p. .

[Majumder (2012)] ‘Bioremediation: Copper nanoparticles from electronic-waste’. B R Majumder . International
Journal of Engineering Science and Technology 2012. October. 4 p. .

[Jena et al. ()] ‘Biosynthesis and characterization of silver nanoparticles using microalga Chlorococcum humicola
and its antibacterial activity’. J Jena , N Pradhan , B P Dash , L. B Sukla , P K Panda . International Journal
2013.

[Rajathi et al. (2010)] ‘Biosynthesis of antibacterial gold nanoparticles using brown alga, Stoechospermum
marginatum (kiitzing). F A A Rajathi , C Parthiban , V G Kumar , P Anantharaman , P Rajasulochana , R
Dhamotharan , P Murugakoothan , S Murugesan , P Krishnamoorthy . Spectrochim Acta A, Molecular and
Biomolecular Spectroscopy 2012. December. 2010. October. 99 p. . (International Journal of Nanoscience)

[Vijayaraghavan et al. (2011)] ‘Biosynthesis of Au(0) from Au(III) via biosorption and bioreduction using brown
marine alga Turbinaria conoides’ K Vijayaraghavan , A Mahadevan , M Sathishkumar , S Pavagadhi , S
Balasubramanian . Chemical Engineering Journal 2011. February. 167 p. .

[Abboud et al. (2014)] ‘Biosynthesis, characterization and antimicrobial activity of copperoxide nanoparticles
(CONPs) produced using brown alga extract (Bifurcaria bifurcata’ Y Abboud , T Saffaj , A Chagraoui , E
Bouari , K Brouzi , O Tanane , B Thssane . Applied Nanoscience 2014. June. 4 p. .

[Andrade et al. (2014)] ‘Comparative study of different matrix/solvent systems for the analysis of crude
lyophilized microalgal preparations using matrix-assisted laser desorption/ionization time-offlight mass spec-
trometry’. L M Andrade , M A Mendes , P Kowalski , C A O Nascimento . Rapid Communications in Mass
Spectrometry 2014. December. 29 p. .

[Varshney et al. (2011)] ‘Copper nanoparticles synthesis from electroplating industry effluent’. R Varshney , B
Seema , M S Gaur , R Pasricha . Nano Biomedicine and Engineering 2011. April. 3 p. .

[Subramaniyam et al. (2016)] ‘Cultivation of Chlorella on brewery wastewater and nano-particle biosynthesis by
its biomass’ V Subramaniyam , S R Subashchandrabose , V Ganeshkumar , P Thavamani , Z Chen , R Naidu
, M Megharaj . Bioresource Technology 2016. July. 2011 p. .

[Ammar ()] ‘Cultivation of microalgae Chlorella vulgaris in airlift photobioreactor for biomass production using
commercial NPK nutrients’. S H Ammar . Engineering Journal 2016. 12 p. .

[Nchemi (2017)] Engineering Nanomaterials, Nchemi . http://www.nchemi.com/ 2017. 5 Jan 2017.

[Duran et al. (2005)] ‘Esposito, E. Mechanistic aspects of biosynthesis of silver nanoparticles by several Fusarium
oxysporum strains’. N Duran , P D Marcato , O L Alves , G Souza . Nanobiotechnology 2005. July. 3 p. .

[Jain et al. (2010)] ‘Extracellular biosynthesis and characterization of silver nanoparticles using Aspergillus flavus
NJPO08: A mechanism perspective’. N Jain , A Bhargava , S Majumdar , J C Tarafdar , J Panwar . Nanoscale
2010. February. 3 p. .


http://www.nchemi.com/

229
230
231

232
233
234

235
236
237

238

240
241
242

243
244
245

246
247
248

249

250
251
252

253
254
255

256
257

258
259

261
262

263
264

265
266
267
268

269
270

7 CONCLUSION

[Cuevas et al. ()] ‘Extracellular biosynthesis of copper and copper oxide nanoparticles by Stereum hirsutum, a
native white-rot fungus from Chilean Forests’. R Cuevas , N Durdn , M C Diez , G R O Tortella , O Rubilar
. Journal of Nanomaterials 2015. 2015 p. .

[Belchik et al. (2011)] ‘Extracellular reduction of hexavalent chromium by cytochromes MtrC and OmcA of
Shewanella oneidensis MR-1. S M Belchik , D W Kennedy , A C Dohnalkova , Y Wang , P C Sevinc , H Wu
, Y Lin , H P Lu, J K Fredrickson , L Shi . Applied and Environmental Microbiology 2011. June. 77 p. .

[Ahmad et al. (2007)] ‘Fungus-based synthesis of chemically difficult-to-synthesize multifunctional nanoparticles
of CuAlO 2. A Ahmad , T Jagadale , V Dhas , S Khan , S Patil , R Pasricha , V Ravi , S Ogale . Advanced
Materials 2007. September. 19 p. .

[Mahdieh et al. (2012)] ‘Green biosynthesis of silver nanoparticles by Spirulina platensis’ M Mahdieh , A
Zolanvari , A S Azimee , M Mahdieh . Scientia Iranica 2012. June. 19 p. .

[Honary et al. ()] ‘Green synthesis of copper oxide nanoparticles using Penicillium aurantiogriseum, Penicillium
citrinum and Penicillium wakasmanii’. S Honary , H Barabadi , E G Fathabad , F Naghibi . Digest Journal
of Nanomaterials and Biostructures 2012. 7 p. .

[Mat Zain et al. (2014)] ‘Green synthesis of silver and copper nanoparticles using ascorbic acid and chitosan for
antimicrobial applications’ N Mat Zain , A G F Stapley , G Shama . Carbohydrate Polymers 2014. November.
112 p. .

[Ramezani et al. ()] ‘Mechanistic aspects of biosynthesis of nanoparticles by several microbes’, In Proceedings
removal of copper nanoparticles by dead biomass of yeast isolated from the wastewater of a mine in the
brazilian Amazonia’. F Ramezani , M Ramezani , S Talebi . PLOS ONE 2010. 9 (1) p. e87968.

[Hartwell (1974)] ‘Saccharomyces cerevisiae cell cycle’. L H Hartwell . Bacteriological Reviews 1974. June. 38 p. .

[Maynard et al. (2006)] ‘Safe handling of nanotechnology’. A D Maynard , R J Aitken , T Butz , V Colvin , K
Donaldson , G Oberdoérster , M A Philbert , J Ryan , A Seaton , V Stone , S S Tinkle , L Tran , N J Walker
, D B Warheit . Nature 2006. November. 444 p. .

[Dhas et al. (2012)] ‘Sargassum myriocystum mediated biosynthesis of gold nanoparticles’. T' S Dhas , V G Kumar
, L S Abraham , V Karthick , K Govindaraju . Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy 2012. December. 99 p. .

[Singh ()] OV Singh . Bio-nanoparticles: Biosynthesis and sustainable biotechnological implications, (USA) 2015.
Wiley-Blackwell. p. .

[Gurav et al. (2014)] ‘Stable colloidal copper nanoparticles for a nano fluid: Production and application’ P
Gurav , S S Naik , K Ansari , S Srinath , K A Kishore , Y P Setty , S Sonawane . Colloids and Surfaces A:
Physicochemical and Engineering Aspects 2014. January. 441 p. .

[Theivasanthi and Alagar (2011)] ‘Studies of copper nanoparticles effects on micro-organisms’. T Theivasanthi ,
M Alagar . Annals of Biological Research 2011. October. 2 p. .

[Temple and Le Roux (1964)] ‘Syngenesis of sulfide ores, desorption of adsorbed metal ions and their precipita-
tion as sulfides’. K L Temple , N W Le Roux . Economic Geology 1964. July. 59 p. .

[Kalabegishvili et al. (2012)] ‘Synthesis of gold nanoparticles by blue-green algae Spirulina platensis’. T Kal-
abegishvili , E Kirkesali , M V Frontasyeva , S S Pavlov , I Zinicovscaia , A Faanhof . Proceedings of the
International Conference of Nanomaterials: Applications and Properties, (the International Conference of
Nanomaterials: Applications and Properties) 2012. January. 1 p. .

[Usha et al. ()] Synthesis of metal oxide nanoparticles by Streptomyces sp, R Usha , E Prabu , M Palaniswamy
, C K Venil , R Rajendran . 2010. (for development)



