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Abstract - Mosquitoes are the prominent vectors of human diseases viz, malaria, yellow fever, dengue, filariasis and

encephalitis, Aedes mosquitoes on the other hand are also painful and persistent biters Aedes aegypti is responsible for

spreading dengue.Hence the control of Aedes aegypti is essential to check the spread of the deadly disease,dengue. A

promising approach to achieve this objective is to exploit the array of biological resource in nature. Indeed, over the past

several years plants, algae, fungi, bacteria and viruses have been used for production of low-cost, energy- efficient and

nontoxic metallic nanoparticles.
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1. INTRODUCTION:

Mosquitoes which are responsible for the transmission of more diseases than any other groups of arthropods play
an important role as vectors of malaria, filariasis, dengue, yellow fever, Japanese, encephalitis and other viral diseases. The
mosquito Aedes aegypti transmits dengue and is also responsible for the transmission of other diseases,such as yellow
fever, chikun gunya fever (WHO, 2015).The incidence of dengue has grown dramatically around the world in recent
decades. Over 2.5 billion people over 40% of the world’s population are now at risk from dengue. WHO currently estimates
there may be 50- 100 million dengue infections worldwide every year (WHO. 2012). The problem has a complex face and
it has to be handled carefully. It is essential to control mosquito population so that people can be protected from mosquito
borne diseases. These diseases can be controlled by targeting the causative parasites and pathogens. It is easier to control
vectors than parasites. The chemical control was the most widely used conventional methods for mosquito control since
chemical pesticides are relatively in expensive usually produces immediate control. Generally, the chemical control is
carried out by the indoor residual spraying of insecticides such as the dichloro diphenyl trichloro ethanol, hexa chloro
cyclo hexane, benzene hexa chloride, malathion and synthetic pyrothroid. But the development of resistance against these
chemicals in various mosquito populations has been reported. Fungal metabolities have the greatest potential in
intelligently designed and carefully applied in mosquito management programes,Expanded use of microbial larvicidal will
depend heavily on the balance between production costs and ecological consideration. Fungal metabolites could be
alternative source for mosquito larvicides because they constitute a potential source of bioactive compounds and
generally free from harmful effects. Use of fungal metabolites in mosquito control instead of synthetic insecticides could
reduce the cost and environmental pollution. (Neetu Vyas, et al,2015).

Nano particles (NP) are usually clusters of atoms in the size range of 1-100 nm. It is understood that the properties of a
metal NP are determined by its size, shape, composition, crystallinity, and structure (Sun and Xia, 2002). In recent times,
nanotechnology is being considered as an impressive technology through which various Nano systems with improved size,
distribution and morphology have been developed for advanced biomedical applications especially nanostructures of
noble metals, such as silver, platinum, gold and palladium have received huge attention due to their specific physical,
chemical, optical, electronic, magnetic, and mechanical properties (Zhaos and Gorte 2004). Generally, materials at
nanoscales level have been fabricated routinely either “top-down or “bottom-up”. Most of the physical and chemical
methods of nanoparticles synthesis were too expensive and involved with the utilization at toxic chemicals which is
hazardous to the environment and its associated life forms. Now a new innovative route using different biologicals entities
such as plants, microbes, yeast and actinomycetes have been developed as an alternative eco-friendly approach (Devi and
Joshi 2014).Fungi and Fungus derived products have attracted many insect pathologists as they are highly toxic to
mosquitoes, yet have low toxicity to non-target organisms and are also biodegradable.Fungi blonging to class Ascomycetes
are known to produce many bioactive compounds with pharmaceutical and agriculturally importance. (Pranay Kumar, et
al,2016).
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2. Metallic Nanoparticles

As an important metal, silver nanoparticles (AgNPs) have a number of application from electronics and catalysis to
infections prevention and medical diagnosis. For example, AgNPs could be used as substrates for surface molecules and
also use full catalysts for the oxidation of methanol to formaldehyde. AgNPs has been known as excellent antimicrobial and
anti-inflammatory agents. a number of physical and chemical strategies were employed for the synthesis of AgNPs
however, concern has been raised on the toxicity of chemical agents used in AgNPs synthesis, thus, it is essential to
develop a green approach for AgNPs production without using hazardous substances to the human health and
environment, (Guangguan et al., 2012). Among inorganic, silver nanoparticles (Ag-NPs or Nano silver), due to its novel
chemical, physical and biological properties as compared to their bulk form, have attracted the attention of researchers
from various academic laboratories, (Sharma et al.,2009). Ag-NPs have distinctive physical and chemical properties, for
example, high thermal and electrical conductivity, surface enhanced Raman scattering, chemical stability, catalytic activity,
and nonlinear optical behaviour, these properties take Ag-NPs to the top of the property list to be used in links in
electronics, and medical purpose, (Krutyakov et al.,2008). Recently, the number of publications on the topic of Ag-NPs has
increased rapidly and an increase of 93% in the number of published articles has been observed since 2001-2011, During
this period,247 articles were published in 2001, which in 2011 increased to 3603 articles, using conventional methods for
the synthesis of Ag-NPs requires, Ag precursors, reducing agent, and stabilizers /capping agent. In biological methods Ag-
NPs are synthesized using plants (such as algae, yeast, fungi, and bacteria) as reducing and stabilizing agents. (Sintubin et
al,,2018).

Highly stable zinc nanoparticles were synthesized extracellularly in the size range of 50-120 nm. This indicates that the
metal in the media is in sulphate form the sulphate reductases are released extracellularly and reduce the compounds to
sulphide but if the metal in the media is in an acetate form the enzymes in the cell wall reduce them to metal nanoparticle.
Intracellular synthesis of nanoscale Pbs crystallites by Torulopsis species when exposed to aqueous Pb ions was reported
by (Kowshik et al,2002) The biogenic process in Aspergillus species open up vistas for better management of
bioremediation, the biogenesis of lead nanoparticles using Aspergillus species (Pavani et al,, 2012).

Biosynthesis of gold nanoparticles from fungi has been reviewed very recently. They are resistant to oxidation and
dispersed nicely. The colour corresponds to the particle size in general. For instance, yellow, red and mauve refer to large,
small, and fine nanoparticles respectively of varying and morphology. It is claimed that gold nanoparticles can be
stabilized by substances like ascorbic acid and citrate (Andreescu. et al., 2006). Stabilization can also be achieved by
polyvinyl alcohol (Pimpang, et al 2011) Enzymes are said to be responsible for the biosynthesis of gold nanoparticles. The
intra-or extracellular synthesis of nanoparticles by fungi is done in a simple manner. The gold ions are trapped by the
proteins and enzymes on the surface of the fungi and get reduced. They further form aggregates of large dimension.
(Sanghi, et al., 2011) The gold nanoparticles synthesized from various sources. have different properties. They have been
checked for their cytotoxic effects against cancer (Mishra,, et al., 2011). Both the intracellular and extracellular reduction
of Aucl or Aucl; follow the same pathway since Aucl; requires one electron to give gold nanoparticles, it follows one-step
reduction whereas Au cl; requires three electron and reductions occur in three steps. (Das, et al.,2012) (Narayanan and
Sakthivel 2011) have demonstrated the formation of gold nanoparticles in the presence of fungus Cyclindro Cladium
floridanum. (Mukherjee et al.,2001) have reported the formation of gold nanoparticles from Verticillium sp . Which found
on the surface of mycelia. Gold nanoparticles have also been produced from Verticillium fungi. Soni and Prakash have
reported the green synthesis of gold nanoparticles from Aspergillus niger and identified it by a change in colour and its
absorption at 530 nm. They have also suggested that broadening of the band is due to the aggregation of gold
nanoparticles, they have also reported that the Au nanoparticles are toxic to Anophelesste Phensi, Culex quinque-
fasciatus, and Aedes aegypti mosquito larva.

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 bio reduction
(Singh,2015) Microorganisms act as a bio factory and can also be synthesized intracellularly or extracellularly which have
been used (Fusarium oxysporium) to synthesize copper nanoparticles (93-115nm) at ambient temperature (Majumber
2012). Pavani et al., used Aspergillus species of fungus for extracellular synthesis of Cu nanoparticles. (Ramanathan et al,,
2011) used a biological method to synthesize copper nanoparticles using Morganella bacteria and under aqueous
physiological conditions. Copper as a metal or oxides exhibit broad-spectrum biocidal activity, and several studies during
the last two years found that copper demonstrates remarkable antibacterial activity at the nanoscale (Duranand and
Seabra 2012). Copper is an essential element for living organisms and may be suitable for biomedical application (Rubilar
2013). An important aspect in copper nanotechnology is the production of nanostructures through eco-friendly and safe
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process. One of the process that fulfil these requirements is the biogenic synthesis of nanostructures (Jia et al.,2012). In
this context, a limited number of studies have been published, and these evaluated different fungal strains for the
biosynthesis of copper nanoparticles, Fungi, such as Penicillium sp. And Fusarium oxysporum strains, have been reported
to biosynthesize Copper oxide and Cu,S nanoparticles (Honary and Hosseini et al,2012). The synthesis of Copper or
Copper Oxide Nanoparticles can present different surface plasmon resonance, formed by the strong coupling between
incident electromagnetic radiation and surface plasmons in metal nanoparticles (Noguez 2007). In the case of copper
nanoparticles, the peak absorbance between 580 and 590 nm indicates formation of Cu nanoparticles (Soomro 2014). The
use of Copper or Copper derivatives for the biosynthesis of nanoparticles using fungal strains has only been reported
CuSo4 Copper salts, and no comparative studies have been reported using other copper salts, such as CuCl; or Cu (No3)y,
with other fungal strains Moreover, it is important to note that biosynthesis of metal nanoparticles using different fungal
extracts is really clean and environmentally friendly (Duran 2010) and (Ahmad 2003) (Honary, et al 2012).

3. Fungi in nanoparticle synthesis; (Aspergillus sp)

Use of microorganisms in the green synthesis of metal nanoparticles with special reference to the precious metal using
fungi has been done. Since fungi contain enzymes and proteins as reducing agents, they can be invariable used for the
synthesis of metal nanoparticles from their salts. Since some fungi are pathogenic, one has to be cautious while working
with them during experiment. Fungus) biomass normally grows faster than those of bacteria under the same conditions.
Although synthesis of metal nanoparticles by bacteria is prevalent, their synthesis by fungi is more advantageous because
their mycelia offer a large surface area for interaction, Also, the fungi secrete fairly large amount of protein than bacteria,
therefore the conversion of metal salts to metal nanoparticles is very fast (Husen and Siddiqi 2014).The extracellular
biosynthesis of silver nanoparticles using four Aspergillus species including A.fumigatus, A.clavatus,A.niger and A.flavus.In
order to determine the probable role of nitrate reductase in the formation of silver nanoparticles, the quality and quantity
of biosynthesized silver nanoparticles by Aspergillus species and their nitrate reductase activity (Kamiar Zomorodian,et
al,,2016). (Mukherjee et al., 2001) studied the synthesis of intracellular AgNPs using the fungus Verticillium The authors
observed that exposure of the fungal biomass to aqueous Ag*ions result in the intracellular reduction of the metal ions and
formation of 25+ 12 nm Ag NPs.Electron microscopy analyses of thin sections of the fungal cells revealed that the Ag NPs
were formed below the cell wall surface, possibly due to the reduction of the metal ions by the enzymes present in the cell
wall membrane. The authors speculated that trapping of AuCls ions on the surface of fungal cells could occur by
electrostatic interaction with positively charged groups such as lysin residues in enzymes that existed in the mycelial cell
wall, (Mukherjee, et al,,2008). In addition to primary metabolites many fungi produce low-molecular weight, often
biologically active compounds known as secondary metabolites. Although these compounds may be chemically diverse,
they are usually produced via common biosynthetic pathways, often related to morphological development. (Bhard, et
al.,,2006).

3.1. Aspergillus Niger

Aspergillus niger is a filamentous ascomycete fungus and group of saprophytic molds, Generally, A.niger can reproduce by
means of conidia It can grow at 6-47 and Ph 1.4-9.8 It is an important industrial fungus used for producing citric acids,
amylases, lipases, cellulases, xylanases, proteases production and for removal of heavy metal ions from waste waters(Khan
et al,2016) previously, metal nanoparticles synthesized using A.niger culture filtrate. Fungal filtrate contains enzymes and
anthraquinone compounds are more responsible for reducing and capping processes. The synthesized metal nanoparticles
showed better antibacterial and larvicidal activities, (Vigneshwaran et al2006). A.niger is filamentous Keratinophilic fungi
with compact white or yellow basal felt covered by a dense layer of dark-brown to black conidial heads. This fungus
secretes some reducing agents which convert silver nitrate into silver nanoparticles, therefore, it can be a useful green
exercise to invent and discover new fungal Nano larvicide for respective ecological and environmental management
system (Namita Soni and Soam prakas 2013). Fungi (A.niger) are well known to secrete large amounts of proteins
enzymes, toxins, and other components that play a major role in their life cycle. The process of synthesis occurs in the
presence of reductase enzymes, which may be present in the cell-free extracts of A.niger. These enzymes are supposed to
reduce the silver ions to Ag NPs, However, the interaction between protein and nanoparticles, (Namita Soni & Soam
Prakash 2012). The Aniger is the best producer of extracellular lipase(Demain and Fang 2000). A.niger purified fungal
culture filtrates have enhanced their lethal effects against An.stephensi, Cx.quinquefasciatus, and Ae.aegypti, Moreover the
presence of mycotoxin “ochratoxin” in A.niger can be fast acting metabolites for control of adult mosquitoes. Ideally, all the
these new findings could be implemented with a time application with its fast acting impact against An.stephensi,
Cx.quinquefasciatus, and Ae.aegypti population.(Gavendra sing and Soam Prakash,2012)
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3.2. Aspergillus flavus:

A flavus is a sporophyte and a haploid filamentous fungus. It is found all over the world, mainly at the warm places and is
also abundant in areas with temperate climates during warm drought years. It grows at temperature of 25-42°C and the
optimum temperature for its growth is 37¢c. It is yellow-green mold with distinctive conidiophore composed of a long
stalk supporting an inflated vesicle (Sweta Bhan et al 2015). The synthetic insecticide temephos and the fungus A.flavus
act onto mosquito larvae in a different mode of action A.flavus with the most potent Phyto extract of Cuscuta reflexa
against the larvae, An.Stephensi and Cx.quinquefasciatus, (Anderson, et al., 2013). (Bhan, et al., 2013). Nanoparticles can
be synthesized extracellularlarly (or) intracellularly. The present study involves the mycosynthesis and characterization of
silver nanoparticles from both cell free and mycelial extracts of filamentous fungi Aspergillus flavus (Manimozhi and
Anitha 2014). The extracellular synthesis of stable silver nanoparticles using the fungus Aspergillus flavus has also
reported, (Vigneshwaran et al., 2007). The Ag NPs was synthesised from Aspergillus flavus by green method and were
characterized, Ag NPs were prepared using silver nitrate as silver precursor and Aspergillus flavus as reducing agent and
stabilized, (Amin Bhat et al., 2014). Silver nanoparticle synthesis for A.flavus occurs initially by a 33kDa protein followed
by a protein,(cysteine and free amine groups) electrostatic attraction which stabilizes the nanoparticle by forming capping
agent, (Jain, etal.,, 2011).

3.3. Aspergillus fumigatous:

Synthesis of nanoparticles in higher amounts from fungal species shows beneficial aspects like environmentally friendly
and amiability. Extra cellular enzymes are potentially and easily produced from fungi in large amounts. The main
feasibility of using fungi in synthesis of nanoparticles include easy of handling and economically possible, For synthesis of
nanoparticles filamentous fungi plays an important role silver ions are extracellularly reduced by filamentous fungi like
A.fumigatous reports these species produced biosynthesis of nanoparticles rapidly is a good candidate for rapid
biosynthesis of silver nanoparticles (Souza et al, 2004),(Saravanan and Nanda 2010). The filamentous fungus,
A.fumigatous has shown potential for extracellular synthesis Ag-NPs, Synthesis of Ag-NPs using the cell free filtrate is
rapid, this indicates nanoparticle synthesis from biological process is quick suitable for larger scale production (Ratnasri
and Hemalatha 2014).Nitrate reductase activity and the efficiency of studied Aspergillus species in the production of silver
nanoparticles A. fumigatous as the most efficient species, highest nitrate reductase activity, it produced greater amount of
silver nanoparticles with smaller size and higher monodispersed in comparison with other species, (Kamiar et al 2016).
The biosynthesis of Zinc oxide nanoparticles using Aspergillus fumigatous and characterization of synthesized
nanoparticles, the reduction of aqueous Zinc sulphate solution with cell free filtrates of fungus A.fumigatus (Arya Rajan, et
al,, 2016). A majority of the filamentous fungi (e.g. Aspergillus fumigatous) that have reportedly been used for the purpose
of extracellular biomass free synthesis of Ag NPs are pathogenic to plants and/or humans. This makes handling and
disposal of the biomass a major inconvenience toward commercialization of the process, thus there is a need for
developing a newer/novel approach of testing a non-pathogenic fungus for the successful synthesis and capping of
nanosized silver particles, (Mukherjee, et al., 2011)

3.4. Aspergillus terrus:

Aspergillus terreus is a fungus, that is widespread throughout the world and found in warm arable soils and found more
commonly in cultivated soil than the forest, it is rarely found in the acidic forest soils from the colder temperate zone,
(Steinbach et al,,2004). A.terreus played an important roles as reducing agents and capping agents in the reaction fungi
strain for synthesizing Ag NPs based on the biodiversity, More importantly, it could also facilitate the deeper
understanding of molecular mechanism for Ag NPs biosynthesis, the biosynthesis of Ag NPs using Aspergillus
terreus(.White et al,2011).( Guangq Uan Li et al,, 2012, Reported that silver nanoparticles (Ag NP) synthesized using a
reduction of aqueous Ag ion with the culture supernatants of Aspergillus terrus. In organism NADH is a widespread
reduced coenzyme involved in redox reaction and can be used as a reducing agent many enzymes in vivo. Thus NADH
dependent reductase released by A.terrus might account for the synthesis of Ag NPs In the process, NADH acted as an
electron carrier, and the silver ions obtained electrons from NADH via The NADH dependent reductase and then reduced
to Ag These results indicated that NADH might be a key factor for the synthesis of Ag NPs by Aspergillus terrus
(Guangquan Li et al,,2012).

4. Larvicidal Activity:

Fungi and fungus-derived products are highly toxic to mosquitoes yet have low toxicity to non-target organism.
Accordingly, the use of fungi and their derived products may be a promising approach for biological control of mosquitoes
(Kirscbaum,1985). Extracellular secondary metabolites from many fungi have been screened for larvicidal activity against
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mosquitoes (Vijayan & Balaraman,1991). The larvicidal potential of silver nanoparticles synthesized using fungus
cochliobolus lunatus against two mosquitoes Aedes aegypt and Anopheles stephensi (Salunkhe et al., 2011). The efficacy of
fungus-mediated silver and gold nanoparticles against Aedes aegypti larvae has been evaluated (Soni and Prakash 2012)
The larvicidal activities of mycosynthesized silver nanoparticles against vectors : Ae.aegypti and An. Stephensi responsible
for diseases of public health importance have been evaluated (Salunkhe et al 2011) .The silver and gold nanoparticles
synthesized with C.tropicum have been tested as a larvicide against the mosquito larvae (Soni et al.,, 2012) The silver
nanoparticles synthesized by using the fungi, have also been tested against adult mosquito (Soni et al 2012). The larvicidal
activities of mycosynthesized silver nanoparticles against vectors: Ae.aegypti and An.stephensi responsible for diseases of
public health importance have been evaluated (.Salunkhe et al., 2011). The silver and gold nanoparticles synthesized with
C.tropicum have been tested as a larvicide against the mosquito larvae ( Soni and Prakash 2012).The present
communication describes the larvicidal and pupicidal effect of extracellular synthesized silver nanoparticles by using the
soil fungi A.niger 2587 against the An.stephensi, Ae.aegypti and Cx,.quinguefasciatus mosquitoes. The fungal species like
F.oxysporum Fusarium,sp is a keratinophilic fungus it is being used for the first time to evaluate the larvicidal and
pupicidal effect of AgNps and AuNps against the larvae and pupae of An.tephensi,Cx.quinquefasciatus and Ae.aegypti
larvae,(Namita Soni and Soam Prakash.,2013). The extracellular biosynthesis of silvernanoparticles (Ag NPs) by using a
fungus named Trichoderma Reesei, (Vahabi et al.,2011). The larvicidal potential of silver nanoparticles synthesized using
fungus Cochliobolus lunatus, against Ae.egypti and An.stephensi has already been tested,(Salunkhe et al.,2011).

The larvicidal effect of four fungal aflatoxins against fourth instar larvae of the mosquito culex quinguefasciatus
(Culicidae; Diptera). The electronic microscopic studies revealed the association of two fungi aflatoxins extracted from
Aterrus and A.niger effect on different parts, legs, antennae and whole body surface of fourth larvae of
Cx.quinguefasciatus. (Hussaini and Hergian.2014). The extracellular secondary metabolities of Metarhizium anisopliae
were found effective against the all larvae of Ae Aegypti and Cx-quinguefasciatus.(Vyas., et al,2015)

5. Conclusion

The biological synthesis of metallic nanoparticles has the potential to be utilized as a good, rapid, eco-friendly approach
for the control of mosquito population. It is totally a new pathway but, can be effectively utilized for the efficient killing of
mosquitoes. Therefore, biological control can thus provide an effective and environmental friendly approach, which can be
used as an alternative to minimize the mosquito population. To understand the current research trends of nanoparticles in
mosquito control, research papers on NPs synthesised using biological organism such as fungi, bacteria and plant extracts,
fungi and bacteria were thoroughly analysed and discussed in terms of the type of Nanoparticles.

Acknowledgement

[ wish to express my true sense of gratitude to Dr.P.Thangamathi, Research supervisor, Assistant Professor of Zoology ,
Kunthavai Nachiyar Govt Arts College for Women (AUT),Thanjavur-5. She helped me in various ways, which are ineffable,
not minding her precious ways, and other engagement. Her proper encouragement and valuable guidance made the
Journal interesting.

I record my sincere thanks to Dr.S.Ananth, Lecture in Zoology, Bharathidasan University, Trichy. He motivated me and
clarified my doubts in many ways.

References:

1. Zhaos, Gorte R The activity of Fe-Pd alloys for the water-gas shift reaction catal 2004 Lett :92:75-80,2004.

2. Devi L. S, Joshi SR, Evaluation of the antimicrobial potency of silver nanoparticles biosynthesized by using an
endophytic fungus, Cryptosporiopsis ericae PS4, J.microbiol ,52:667-74,2014

3. Guangquan Li, Dan He, Yongging Qian, Buyvan Guna, Song Gao, Yan Wi, Koji Yokoyama and Li Wang, Fungus-
Mediated green synthesis of silver nanoparticles using Aspergillus ferrus_Int.].Mol.Sci 13, PP; 466 - 467,2012.

4. R.B.salunkhe, S.V.patil, C.D.patil and B.K.salunkhe, “Larvacidal potential of silver nanoparticles synthesized using
Fungus cochliobolus lunatus against Aedes aegypti (Linnaeus, 1762) and Anopholes stephensi Liston(Diptera,
culicidae)” Parasitology research, Vol 10.1007/s00436-011-2328-1,1762.

5. N.soni and S.Praksh,.“Entomopathogenic fungus generated nanoparticle for enhancement of efficacy in Culex
guingues fasciatus and Anopheles stephensi” Asian pacific journal of tropical disease, Vol:2,No.2. PP. S356-S361:
Doi:10.1016/S2222-1808(12) 60181-9,2012.

© 2018,IRJET | ImpactFactorvalue:7.211 | 1SO09001:2008 Certified Journal | Page 2517




\// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

RJET

Volume: 05 Issue: 06 | June 2018 www.irjet.net p-ISSN: 2395-0072

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Numita soni and soam Prakash, Synthesis of gold nanoparticles by the fungus Aspergillus wigerand its efficacy
against mosquito larvae. Environmental and advanced parasitology and vector control biotechnology laboratories
department of zoology, Faculty of science, Dayalbagh educational institute Dayalbagh, Agra, India, 2012.

Anderson TE, Hajek AE, Roberts DW, Preisler HK, Robertson JL, Colorado potato beetle (Coleoptera:chrysomelidae)
effects of combinations of Beauveria bassiana_with insecticides, ].Econ Entomol ,82:83-89,1989.

Bhan S, Shrankhla Mohan L, Srivastava CN, Larvicidal toicity of temephos and entomopathogenic fungus,
Aspergillus flavus_and their synergistic activity against malaria vector, Anopheles stephensi. Journal of Entomology
and zoology studies, a:1(6) 55-60,2013.

Sweta Bhan, Lalit Mohan and C.N.Srivastava, synergistic larvicidal potential of temephos and entomopathogenic
fungus, Aspergillus flavus against filarial vector, culex guinguefaciatus(say) International journal of mosquito
research,, :2(2) 33-37,2015

Govindarajan M, Jebanesan A, and Reetha D, Larvicidal effect of extracellular secondary metabolites of different
fungi against the mosquito, Culex guinguefasciatus say 2 Tropical Biomedicine. 22(1):1-3,2005.

Kowshik M, W.Vogel, J.Urban, S.K.Kulkarni and K.M.Paknikar . Microbial synthesis of semiconductor pbs
nanocrystallites. Adv.Mate, 14:815-818,2002.

K.V.Pavani, N.Sunil Kumar and B.B.Sangameswaran 2012 Synthesis of lead nanoparticles by Aspergillus species ,
polish journal of microbiology vol 61, No 1, 61-63,2012.

Kitching M, Ramani M, Marsili E, Fungal biosynthesis of gold nanoparticles: Mechanism and scale up micro
Biotechnology, 8:904-917. Doi 10.1111/1751-7915-1251. [PMC Free article] [Pub Med] [Cross ref],2015.

Daniel M(, Astrue D, gold nanoparticles, assembly, supramolecular chemistry, quantum-size-related properties and
applications toward biology, catalysis and nanotechnology. chem Rev,104:293-346, doi 10.1021/cro3069+ [pub
med] [cross ref],2004

Murphy CY, Gole AM,Stone JW, Sisco PN, Alkilany AM, Goldsmith EC, Baxter SC, gold nanoparticles in biology:
beyond toxicity to cellular imaging Acc chem Res. 48: 1721-1730. Doi: 10.1021/ar 8000 35U [pub med] [cross
ref],2008.

Andreesw D, Kumar Sauk, Goia DV, stabilizer-free nanosized gold sols. Jcoll Interface sci 298: 792-751. Doi:
10.1016/].Jcis, .01.011 [pub med] [cross ref].2006.

Pimpang P, Choopun S, Monodispersity and stability of gold nanoparticle stabilized by using polyvinyl alchohol,
chiang Maij sci :38:31-38.2011.

Sanghi R, Verma P, Puri S, Enzymatic formation of gold nanoparticles using phanerochaete_chrysoporium adv chem
Eng sci 1:154-162. Doi: 10.4236/aces 2011/3023[cross ref].2011.

Mishra A, Tripathy SK, Wahab R, Jeong SH, Hwang I, Yang YB, Kim YS, Shin HS, Yun SH, Microbial synthesis of gold
nanoparticles using the fungus penicillium brevicompactum and their cytotoxic effects against mouse mayo blast
cancer 2;Ciz cells. Appl. Microbiol. Biotechnol a2:617-630, doi:10.1007/S00253-011-3556-0 [pub med] [cross
ref].2011.

Das SK, Liang ], Schmidt M, Laffir F, Marsili E, Biomineralization mechanism of gold by Zygomycete fungi Rhizopous
Oryzae. ACS Nano,6:6165-6173. D0i:10.1021/nn 301 502S [pub med] [cross ref]. 2012.

Narayanan KB, Sakthivel N, Facile green synthesis of gold nanostructures by NADPH-dependent enzyme from the
extract of Sclerotium rolfsil. Coll surf A. Physicochem Eng Asp.380: 156-161. Doi: 10.1016/].colsurta.
2011.02.042[cross ref].2011.

© 2018,IRJET | ImpactFactorvalue:7.211 | 1SO9001:2008 Certified Journal | Page 2518



V,

RJET

International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
Volume: 05 Issue: 06 | June 2018 www.irjet.net p-ISSN: 2395-0072

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Soni N, Prakash S, Synthesis of gold nanoparticles by the fungus Aspergillus Niger and its efficacy against mosquito
larvae Rep parasitolo 2:1-7.2012.

Husen A, Siddigi KS, plants and microbes assisted selenium nanoparticles: characterization and application
J.Nanobiotechnol 12:28 [PMC free article] [pub med].2014.

Pantidos N, Horsfall LE, Biological synthesis of metallic nanoparticles by bacteria, fungi and plants: Jnanomed
Nanotechnol 5:5. Doi: 10.4172/2157 - 7439.1000233 [cross ref].2014.

Soni N, Prakash S, Efficacy of fungus mediated silver and gold nanoparticles against Aedes aegypti larvae. Parasitol
Res 110:175-184 Doi: 10.1007/S00436-011-2467-4.2012.

Priyabrata Mukherjee, Absar Ahmad, Deendayal Mandal, Satyajoti Senapati, Sudhakar R, Sainkar, Mohammad
[.LKhan, Renu Parishcha P, P.V.Ajaykumar, Mansoor Alam, Rajiv Kumar, and Murali Sastry - Fungus - Mediated
synthesis of silver nanoparticles and their immobilization in the mycelia matrix. A novel biological approach to
nanoparticles synthesis divisions of catalysis, Biochemical science and materials chemistry, national chemical
laboratory pune 411008, India.2001.

Salunkhe RB, Patil SV, Patil CD, Salunkhe BK, Larvicidal potential of silver nanoparticles synthesized using fungus
Cochliobolus lunatus against Aedes aegypti parasitol Res 109:823-831. Doi: 10.1007/500436-011-2328-1.2011.

N.Soni and S.Prakash, “Entomopathogenic fungus generated nanoparticles for enhancement of efficacy in Culex
quingue fasciatus and Anopheles stephensi” Asian pacific journal of tropical diasease Vol 2, No.2, PP.S356-
S361,(12) 60181-9.2012

N.Soni and S.Prakash,, “Fungal mediated nano silver An effective adulticide against mosquito” 2013.
Parasitology research Vol.111, No.5, PP.2091-2098. D0i:10.1007/S00436-012-3056-X.2012.

Priyanka and S.Prakash,, Laboratory efiicacy tests for fungal metabolites of chrysosporium tropicum against culex
quinquefasciatus. ].Am.Mosq control Assoc., 19: 404-407. PMID 14710744.2003.

Namita Soni and Soam Prakash, Aspergillus Niger_Metabolites efficacies against the mosquito larval (Culex
Quinquefasciatus, Anopheles stephensi and Aedes Aegypti) after column chromatography, American Journal of
Microbiology2(1): 15-20, ISSN 1948-982X.2011.

Namita Soni and Soam Prakash, Possible mosquito control by silver nanoparticles synthesized by soil fungus
(Aspergillus Niger 2587) Advances in nanoparticles, 2013. 2,125-132. http//dx.doi.org/10.4236 /anp/2202.2013.

Namita Soni and Soam Prakash Synthesis of gold nanoparticles by the fungus Aspergillus niger and its efficacy
against mosquito larvae reports in parasitology.2012.

Majumber D.R., Bioremediation: Copper nanoparticles from electronic - waste Inter | Engg Sci Technol 4, 4380-
4389.2012

Ramanathan R, Bhargava S.K and Bansal V., biological synthesis of copper/copperoxide nanoparticles, In Rose
Amal(ed.) chemeca conference. Eng A Better world, Australia, 1-8.2011.

N.Duran and A.B.Seabra, “Metallic oxide nanoparticles: State of the art in biogenic synthesis and their mechanism”,
Applied microbiology and Biotechnology, Vol 95, No.2, PP.275-288.2010.

O.Rubilar, M.Rai, G.Tortella, M.C.Diez, A.B.Seabra, and N.Duran,“Biogenic nanoparticles, copper, copper oxides,
copper sulphides, complex copper nanostructures and their applications”, Biotechnology letters, Vol.35, No.9, PP
1365-1375.2013.

© 2018,IRJET | ImpactFactorvalue:7.211 | 1SO09001:2008 Certified Journal | Page 2519



Y,

RJET

International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
Volume: 05 Issue: 06 | June 2018 www.irjet.net p-ISSN: 2395-0072

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

B.Jai, Y.Mei, L.Cheng, ].Zhou, and L.Zhang, “Preparation of copper nanoparticles coated cellulose film with
antibacterial properties theough one-step reduction” ACS Applied materials and interfaces, Vol 4, No.6, PP.2897-
2902.2012.

S.Honary, H.Barabadi, E.Gharaei- fathabad, and F.Naghibi, “Green synthesis of copper oxide nanoparticles using
penicillium aurantiogriseum, penicillium citrinum and penicillium waksmani”, Digest journal of nanomaterials and
biostructures Vol.7, No.3, PP.999-1005.2012.

M.R.Hosseini, M.Schaffie, M.Pazouki, E.Darezereshki, and M.Ranjbar,“Biologically synthesized copper sulphide
nanoparticles production and characterization”, Material science in semiconductor processing, Vol.15, No.Z,
PP.222-225.2012.

R.A.Soomro, S.T.Hussain Sherazi, N.Menon et.al., “synthesis of air stable copper nanoparticles and their use in
catalysis” Advanced materials letters, Vol.5, No.4, PP.191-198, 2014.

Ahmad. A. Mukherjee.P. S.Senapati , “Extracellular biosynthesis of silver nanoparticles using the fungus fusarium
oxysporum”, colloids and surfaces B: Biointerfaces, Vol.28, No.4, PP.313-318, 2003.

Singh.0.V Bio-nanoparticles, Biosynthesis and sustainable biotechnological implications , USA Wiley-Blackwell,
ISBN, 978-1-118-67768-1, PP;155-186.2015.

Souza GIH,Marcato PD.Duran.N.Esposito.E, National Meeting of Environmental Microbiology, curtiba,pp55-
60.2004.

Saravanan M., Nanda A. Colloids and surfaces.B; Biointerfaces - 77,PP,214-218.2010.

Ratnasri P.V.,and Hemalatha K.P.]. Biological synthesis of silver nanoparticles from Aspergillus fumigatus. American
journal of Advanced Drug Delivery.PP;741-751.2014.

Kamiar Zomorodian,Seyedmohammad Poursh achid, Arman Sadats harifi,Pouyan mehryar, Keyvan
Pakshir,Mohammad. Javad Rahimi,and Ali Arabi Monfared.Biosynthesis and characterization of silver
nanoparticles by Aspergillus Species. Bio Med Research International volume PP;156-158.2016.

Arya Rajan,Elsa Cherian,G.Baskar, Biosynthesis Zinc oxide nanoparticles using Aspergillus fumigatus JCF and its
antibacterial antibacterial activity, International Journal of Modern science and Technology vol-1, PP 52-57.2016.

Kirschbaum,].B Potential implication of genetic engineering and other biotechnologies to insect control. Annual
review of entamology 30:51-70.1985.

Vijayan, V.& K.Balaraman. Metabolites of fungi and actinomycets active agents’ mosquito larva. Indian Journal of
Medical Research (A)93: 115-117.1991.

Souza, GIH, Marcato, PD, Duran N,Esposito E, 1X National Meeting of Environmental
Microbiology,curtiba,PR(Brazil).2004.

Ratnasri P. V and Hemalatha K.P.]. Biological, 2014, synthesis of silver nanoparticles from Aspergillus fumigatus.
American journal of Advanced Drug Delivery, pp-741-751.2014

Kamiar ~ Zomorodin, Seyedmohammad  Pourshahid,Arman  Sadatsharifi,Pouyan = Mehryar ,Keyvan.
Pakshir,Mohammed Javad Rahim and Ali Arabi Monfared. Biosynthesis and Characterization of silver nanoparticles
by Aspergillus species. Bio Med Research International volume. pp156-158.2016.

Arya Rajan, Elsa Cherian, G. Basker. Biosynthesis of Zinc oxide nanoparticles using Aspergillus fumigatus JCF and its
antibacterial activity. International journal of Modern science and Technology Vol-1, page 52-57.2016.

© 2018,IRJET | ImpactFactorvalue:7.211 | 1SO09001:2008 Certified Journal | Page 2520



V,

RJET

International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
Volume: 05 Issue: 06 | June 2018 www.irjet.net p-ISSN: 2395-0072

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Guangquan Li,Dan He,Yongqing Qian, Buyuan Guan,Yan Cui,Koji Yokoyama and Li Wang, Fungus-Mediated green
Synthesis of Silver Nanoparticles Using Aspergillus terreus, international Journal of Molecular Sciences ISSN 1422-
0067.13 pp,466-476.2012.

V.K.Sharma, R.A.Yugard, and Y.Lin,”Silver, nanoparticles green synthesis and their antimicrobial
activities.”Advances in colloid and Interface science,Vol.145 No.1-2,pp.83-96.2009.

Y.A Krutyakov,A.A Kudrinskiy,A.Y,Olenin,and G.V.Lisichkin,”Synthesis and properties of silver nanoparticles
advances and prospects” Russian chemical Reviews, Vol.77,No.3, pp.233-257,2008

Li Sintubin,W.Verstraete, and N.Boon, "Biologically produced Nano silver; Current state and future perspective”
Biotechnology and Bioengineering,Vol,109.No.10, pp,2422-2436,2012.

Husen A.Siddiqi K.S. Plants and microbes assisted Selenium nanoparticles; Characterization and application .J
Nanobiotechnol 12;28.2014.

Sastry M., Ahmad A.Khan MI, Kumar R. Biosynthesis of metal nanoparticles using fungi and actinomycete Cru sci
85; 162-170.2003.

Kamiar Zomorodian,Seyedmohammad, Pourshahid, Arman Sadatshari fi, Pouyan Mehryar, Keyvan
Pakshir,Mohammad Javad Rahimi, and Ali Arabi Monfared. Biosynthesis and Characterization of silver
nanoparticles by Aspergillus species. Bio Med Research International Vol-2 pp,221-228.2016.

P.Mukherjee,A. Ahmad, D.Mandal, S.Senapati S.R.Sainkar, M.I Khan.,R.Parishcha.,P.V.
Ajaykumar,M.Alam.,RKumar,M.Sastry,Fungus-mediated synthesis of silver nanoparticles and their immobilization
in the mycelial matrix; a novel biological approach to nanoparticle synthesis 1(10) . pp.515-519.2001.

Mukherjee P,Roy M,Mandal B,Dey G,Mukherjee P,Ghatak ],Green synthesis of highly stabilized nanocrystalline
silver particles by a non-pathogenic and agriculturally important fungus T. asperellum. Nanotechnology;19 75103-

10.2008.

Bhard A, Rautaray D,Bansal V,Ahmad A,Sarkar I, Yusuf SM. Extracellular biosynthesis of magnetite using fungi.
Small 2(1);135-41.2006.

Khan NT, Jameel N and Rehman.Optimizing Physioculture Conditions for the Synthesis of Silver Nanoparticles from
Aspergillus Niger. ] Nanotechnol 7:402. pp-421-25.2016.

Vigneshwaran N, Kathe AA, Varadarajan PV, Nachane RP, Balasubramanya RH. Biomimetics of silver nanoparticles
by white rot fungus, Phaenerochaete chrysosporium. Colloids Surf B Biointerfaces. 53:55-9.2006.

A.L.Demain and A.Fang, “The natural functions of secondary metabolites” in Advances in Biochemical Engineering
Biotechnology: History of modern Biotechnology.scherper Ed., Vol 69 pp,1-39.2000.

Gavendra Singh and Soam Prakash. Lethal Effects of Aspergillus niger against Mosquitoes Vector of Filaria, Malaria,
and Dengue: A Liquid Mycoadulticide. Vol 2, pp.413-415.2012.

Steinbach WJ.,Perfect JR., Schell WA., Walsh TJ.,Benjamin, DK In vitro analyses,animal models and 60 clinical cases
of invasive Aspergillus terrus infection, Antimicrobe Agents chemother, 48 (9):3217-25. 2004.

James A.A Mosquito molecular genetics: The hands that feed bite back science:257:37-38.1992.

World health Organization “Dengue and severe dengue” http//www.who, int/mediacentre/factsheets/fs
117/en.2012.

Hussaini M.T. and Hergian.A. The larvicidal effect of fourth instar larvae of the mosquito, Culex quinguefasciatus
say (Culicidae Diptera) Journal of Kerbala University, Vol.12. No:4: PP.7-8.2014.

© 2018,IRJET | ImpactFactorvalue:7.211 | 1SO09001:2008 Certified Journal | Page 2521



‘// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
RJET Volume: 05 Issue: 06 | June 2018 www.irjet.net p-ISSN: 2395-0072

74. WHO, 2015, Chikuncunya world Health Organization, Media centre, fact sheet n,3237, update February,
http//www, who, int|mediacentre|factsheet|es.2015

75. Vyas N.Prakash S,Dua KK Metabolites of Metarhizium anisopliae against malaria vectors and non-targeted
organisms. Entomal omithal and Herpetol 4:147-149.2015.

76. Pranay Kumar.K.Shruti S.Deshpande and Sunil Misra, Mosquito Larvicidal and Antimicrobial properties of ethyl
acetate crude extracts of Cladosporium Sphaerospermum and Cladosporium macrocarpum.International Journal of
pharma and Bio Science, 7(2)®B).451-457.2016.

© 2018,IRJET | ImpactFactorvalue:7.211 | 1SO09001:2008 Certified Journal | Page 2522



