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Introduction
Over the next 20 years, as population is rising tremendously, crop production will have to
beincreased to meet the food demand. A series of innovations must be developed to meet the
foodproduction challenge. It may include many ways such as improvisation in the manures
andfertilizers, plant improvement to withstand the worse environmental conditions etc.
Pestmanagement is one of the way to get better yield and production. It is estimated that there
arearound67000different croppest speciesandtogethertheycauseabout a 40percentreductionin the
world’s crop yield productions. Since the 1960s, pest management in the industrializedcountries
has been based around the intensive use of synthetic chemical pesticides( DavidChandler et al,
2011). The chemical pesticides used in crop protection pose many long-termthreats and risks to
living beings due to their harmful side effects. They are known to causecancers and foetal
impairments and they persist in the environment for many years i.e., they arenonbiodegradable(
Jitendra Kumar et al, 2021). Excessive and injudicious prophylactic use ofpesticides can result I
pest resurgence, secondary pest problems or the development of heritableresistance.( Vimladevi
et al,2019, David Chandler et al, 2011). The rate at which new, saferchemicals are being made
available is very low. This is caused by a fall in the discovery rate ofnew active molecules and
the
increasing
costs
of
registration.
Further
concerns
are
beingexpressedbyconsumersandpressuregroupsaboutthesafetyofpesticideresidues
infood.Theseconcerns are voiced despite the fact that pesticides are among the most heavily
regulated of allchemicals.( David Chandleretal, 2011).
Traditional strategies like integrated pest management used in agriculture are insufficient,
andapplication of chemical pesticides have adverse effects on animals and human beings apart
fromthe decline in soil fertility. Therefore, nanotechnology would provide green and
efficientalternatives for the management of insect pests in agriculture without harming
thenature(Ragaei,2014). Nanopesticides defines as any formulation that intentionally include
theelements in the nm size range and/or claims novel properties associated with these small
sizerange ( Ragaei,2014). According to Bhattacharyyal et al. (2010) the word “Nano” is
developedfrom the Greek word meaning “dwarf”. In more technical terms, the word “nano”
-9
means
10
Theaimsofnanoformulations
aregenerallycommontootherpesticideformulationsandconsistin :·Increasing the
apparent
solubility of poorly soluble active ingredient. Releasing the activeingredient in a slow/targeted
manner and/or protecting the active ingredient against prematuredegradation(S.Routray,2016).
Biopesticides, which are pest management agents based onnatural products, offer a
greatpromise in controlling yield loss without compromising the quality of the product.
Biopesticidesare formulations made from naturally occurring substances that control pests by
non-toxicmechanisms and in an ecofriendly manner. There are many types of biopesticides, and
they
Page - 8 -
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areclassifiedaccordingtotheirextractionsourcesandthetypeofmolecule/compoundusedfortheirprep
aration. The categories are —microbial pesticides, biochemical pesticides, insectpheromones,
plant
based
extracts
and
essential
oils,
insect
growth
regulators,
GMOproducts(JitendraKumaretal, 2021)
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A lot of research is going on how tesebiopesticides can be improved with the use
ofnanotechnology to understand interaction between nanoparticles, microorganisms, soil,
plantsandhumans.thenanopesticidesofbiologicalorigincouldbefabricatedusinganymetalsuchasA
g,Cu, SiO2,ZnOwithbroad-spectrumpestprotection efficiency.(Ladeetal, 2017).
Nanoparticles in agriculture serve as ‘magic bullets’, containing insecticides,
fungicides,herbicides,chemicals,orgenes,whichtargetparticularplantpartsororganismstorelease
theircontent. Nanoencapsulation is currently the most promising technology for protection of
hostplants againstinsectpests.(S. Routray,2016).
The use of microbial insecticides as substitute for chemical products is an alternative for
insectcontrol in many crops. Biological insecticides based mainly on entamopathogenic
bacteria aremainly based in Bacillus thuringiensis. Btrelies on insecticidal toxins, such as Cry
nadCyt,during its pathogenic process. There are other insecticidal products also which are
based ondifferent bacteria and microorganisms which act on so many different varieties of
pests.( Bowenetal, 2000)
Btis a ubiquitous soil bacterium that forms spores and crystals during the stationary phase of
itsgrowth cycle. The crystals predominantly comprise one or more delta-endotoxins—Cry
and/orCyt proteins with specific insecticidal activity. Different types of toxins are produced
bydifferent types of Bt, each of which affects a narrow taxonomic group of insects. Bttoxins
have,therefore, been used as topical pesticides for protecting crops from major insect pests
such
asHelicoverpaarmigera,Plutellaxylostella,Ostrinianubilalis,Agrotisipsilon,Spodopteraexigua,e
tc.( Vimladevietal,2019)
Bacillus thuringiensis (Bt) and its insecticidal toxins have been used in agronomical pest
control for decades. The mechanism of action of Bttoxins on insect pest involves specific
molecularinteractions which makes Bta popular choice for pest control. The specificity of
action of Bttoxins reduces the concern of adverse effects on non-target species, a concern
which remainswith chemical insecticides. Different strains of Btare known to express
different classes oftoxins which in turn target different insects. Btand its toxins can be
formulated into powder orliquid sprays or expressed in transgenic plants. To maximize the
effect of Bt toxins, multiple toxins are often combined when making Bt formulations or
expressed in transgenic plants.
Though Bt is a very effective biological control agent, there are concerns over the
development of resistance by insect species and also the narrow spectrum of activity of
individual toxins (Zenas George,2012).
Here in this project, our aim is to check this pesticidal activitiy of Bt Cry proteins with
silver nanoparticles. Bt being dominant in the biopesticide industry and AgNps being most
effective Nanoparticles, we decided to work on them in combination.
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Review of Literature
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Review of Literature
Bio-Pesticides
The naturally occurring substances produced from the living organism or their by products which
can put a check on pest by non toxic mechanisms are referred to as biopesticides (Salma and
Jogen, 2011). Biopesticieds encircles a huge range of microbial pesticides, biochemicals
produced by microorganisms, and other natural sources like plants, according to Suman and
Dikshit (2010).
Biopesticides are broadly categorized in 4 major classes depending on their source as:
1. Microbial pesticides: The biopescides derived from products obtained from microorganisms
such as bacterium, virus, fungus, protozoan as the active ingredients come under this
category. The most important and regularly utilized of the all microorganisms is Bacillus
thuringeinsis (Bt). This bacterium serves as a pesticide for Lepidoptera, Coleoptera and
Diptera (Gill et al.,1992)
2. Biochemical pesticides: these can be also referred as herbal or pant based pesticides, there
are naturally occurring substances used for restricting effects of pests by non toxic mode of
action.
3. Plant-Incorporated-Protectants (PIP): PIPs are also referred as Genetically Modified Crops.
The biopesticides produced by PIPs are synthesized by genetically engineered plants, in
which the gene producing biopesticides is incorporated in the genetic makeup of the plant.
4. Semiochemicals: The chemical signal produced by one organism which causes some
physiological changes in organisms of different spicies is called as semiochemical.
MICROBIAL BIOPESTICIDES
1. BACTERIAL BIOPESTICIDES
Some Bacillus spices like Bacillus thuringiensis israelensis and Bacillus spaericus 2362
were turned against mosquito (Revathi et al., 2013) and other dipteran larvae. to be very
effective Bacillaceae, Burkholderia, , Saccharopolyspora, Chromobacterium, Pseudomonas and
Page 12
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Serratia are recognized as potent biopesticides and are basically used to put check on insects
involved in plant dieases. Photorhabdus and Xenorhabdus bacteria act as symbionts and confer
their pathogenicity towards entomopathogenic nematodes (Lacey and Geeorgis, 2012).
Pseudomonas fluorescens consists of a group of Gram negative bacteria which are potential
biopesticides and exhibits biocontrol over various plant diseases by protecting seeds and roots
from fungal infections (Hoffland et al., 1996; Wei et al., 1996). Burkholderia spp. and
Chromobacterium spp. are used as biopesticide against chewing and sucking insects, mites and
nematodes. B. thuringiensis ssp. Kurstaki and aizawai, shows the highest activity against
Lepidopteran larval species; B. thuringiensis israelensis exhibits its toxic activity against
mosquito larvae, black fly and a fugus gnats; B. thuringeinsis tenebrionis shows its toxic activity
against coleopteran adults and larvae, especially on Leptinotarsa decemlineata; and B.
thuringiensis japonensis strain Buibui has activity against soil borne beetles (Carlton 1993;
Copping and Menn 2000). The Bt crystalline proteins when binds to insect gut receptor exhibits
the target insect pest (Kumar 2012).
2. FUNGI
The important group of microbial pest management organisms include pathogenic fungi
(Khachatourians, 2009) mostly found in terrestrial and aquatic regions and when interact
specifically with insects are knowns as entomopathogenic fungi. These fungi infect the
sucking insect pests like aphides, thrips, mealy bugs, whiteflies, scale insects,
mosquitoes, and almost of all mites (Barbara and Clewes 2003; Pineda et al., 2007). The
commercial mycoinsecticide called Boverin is based on B. bassiana is active biopesticide
against Cydia pomonella (Anderson et al., 1989). Beaureia bassiana belongs to
entomopathogenic fungi which can control large number of pests like aphides, thripes,
flies, and different beetles and protects plamts like tomato, potato, opium poppy, cocoa
and coffee (Vega et al., 2008; Ownley et al., 2008). Metarhizium anisopliae and M.
acridum are generally used in preparation of mycosecticides and mycoacaricides (De
Faria et al., 2007). M. anisopliae affects more than 7 orders of insects, whereas, M.
acridum only infects the pests of acrididae family (Hu X et al., 2014). Lecanicillium
lecanii is another example of entomopathogenic fungi, whose spores germinate and
produce hyphae on insects, which further penetrates in the body of target pests and results
in tissue distruction. This fungi protects the crop plants from white flies and aphides.
Page 13
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Some strains of L. lecanii are also active against thripes, crustaceans (Hall, 1985). Isaria
fumosorosea are yet another entomopathogenic fungi, who are particularly active against
white flies (Lacey, 1996). Trichoderma spp. for example T. viride, T. koningii, T.
harzianum etc also are active against various pests.

3. VIRAL PESTICIDES
Baculoviridae are double stranded viruses, which are used for killing the target pests to protect
the crops (Lacey L.A et al., 2001; Moscardi et al., 2011). They are active against pests like
Helicoverpa species, Spodoptera spp. and Plutella xylostella. The majority of baculovirus which
are used in control of pests are in the genus Nucleopolyhedroviruses. The viruses of this genus
are very specific and show a narrow spectrum insecticidal activity. Codling moth granulosis
virus acts against pest called codling moth, Cabbage army worm nuclear polyhedrosis virus is
specific against cabbage moth, ballwormand potato tuber moth.

4. PROTOZOAN PESTICIDES
One of the important examples of protozoan pesticides include Microsporidia. Nosema pyrausta
is an example of microsporidia, which infects European corn borer. Nosema locustae controls
grasshoppers and crickets. Vairimorpha necatrix is another microsporidium which has wide host
range including corn earworm and European corn borer, fall webworm ad cabbage looper. In
most cases the microsporidia must be eaten by the insect in order to infect it. When the pathogen
enters the insect body via the gut wall, it spreads to various organs and tissues and multiplies
which results in tissue breakdown and septicemia (Hoffmann et al., 1993).
PATHOGEN

HOST RANGE

Bacteria
Bacillus thuringiensis var. kurstaki

Caterpillars (larvae of moths abd butterflies)

Bacillus thuringiensis var. israelensis

Larvae of Aedes andpsorophora mosquitoes,
black flies, and fungus gnats

Bacillus thuringiensis var. tenebrinos

Larvae of Colorado potato beetle

Bacillus thuringiensis var. aizawai

Wax moth caterpillars
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Bacillus popilliae and Bacillus lentimorbus

Larvae of Japanese beetle

Bacillus sphaericus

Larvae of Culex, Psorophora, and Culiseta
mosquitos, larvaeof some Aedes spp

Burkholderia spp. and Chromobacterium spp

chewing and sucking insects, mites and
nematodes

Pseudomonas fluorescens

Protects the seeds and roots from fungal
infections

Pseudomonas chlororaphis

Spodoptera, Heliothis, Manduca sexta

FUNGI

Beauveria bassiana

Aphides, fungus, gnats, mealy bugs ,mites,
thrips,whiteflies

Lagenidium giganteum

Larvae of most pest of mosquito spp

Metarhizium anisopliae

Termites, white flies, thrips, aphids, caterpillars

Lecanicillium lecanii

Aphides

Paecilomyces fumosoroseus

White flies, thrips
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Trichoderma viride

Curvularia

lunata,

Rhizoctonia

solani,

Fusarium spp.
Trichoderma harzianum

Penicillium notatum, R. solani

PROTOZOA
Nosema locustae

European cornborer caterpillars, grasshoppers
and mormon crickets

Nosema pyarausta

European corn borer

Vairimorpha necatrix

Caterpillar pests, fall webworm, cabbage
looper

VIRUSES
Gypsy moth nuclear plyhedrosis(NPV)

Gypsy moth caterpillar

Tussock moth NPV

Tussock moth caterpillars

Codling moth granulosis virus(GV)

Codling moth caterpillars

Cyadia pomonella granulovirus

Cyadia pomonella

Helicoverpa zea nucleopolyhederovirus

Helicoverpa spp. and Heliothis virescens

Spodoptera exigua nucleopolyhedrovirus

Spodoptera exigua

Table 1. Microbial Insecticides: A summary of microbial biopesticides and their host organisms.

The above listed biopesticides are used in agricultural field in order to prevent the crop plants
from the dieases caused by pests. One of such biopesticide is Bacillus thuringiensis.

Discovery, classification and taxonomy of Bacillus Thuringiensis:
Japanese sericultural engineer Ishiwatari Shigetane, in 1902 discovered Bacillus
thuringiensis in silkworms and named it as Bacillus sotto. Then, German microbiologist Ernst
Berliner, in 1911, rediscovered it, when he isolated from flour moth caterpillars, which cause
diseases called Schlaffsucht in Thuringia (Reardon RC et al., 1994). And hence Bacillus sotto
was renamed as Bacillus thuringiensis.
Bacillus Thuringiensis is an entomopathogenic, Gram positive, spore forming, rod shaped
and aerobic bacterium, non capsulated and motile with peritichous flagella which is usually
located in soil, dead insects and water (Lambert and Peferoe, 1990-92). During their sporulation
Page 16
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stage parasporal insecticidal proteins crystals or delta endotoxins are produced (Jouzani et
al.,2008). Bt possesses its toxicity towards a wide range of insect pests for e.g. Dipteran,
Lepidopteran and Coleopteran (Federici et al., 2006; Lacey et al., 2015). On the basis of
cerotype and phylogenetic features, Bt is further divided into serotypes and strains (Seifinejad et
al., 2008). Bt israelensis and Bt kurstaki are some of the well studied subspecies which are
currently being used as a source for endotoxin protein production at commercial level (Dambach
P. et al., 2014; elleuch et al., 2015; Jeong et al.,2017;Zhang et al., 2017).
Classification of Bacillus thuringiensis strains has been completed by H serotyping, it is
an immunological reaction to the bacterial flagellar antigen. Flagellin protein which is
responsible for exhibiting the immunological reaction in H serotying is encoded by hag gene.
Bt has G+C contents ranging from 36-69% (Garbeva P et al.,2003). On the basis of
phylogenetic heterogeneity, Bacilli has been classified into eight genera: Bacillus,
Alicyclobacillus, Paenbacillus, Brevibacillus, Aneurinibacillus, Virgibacillus, Salibacillus and
Gracilibacillus (Ash C et al.,1991; Nakamura Lk et al., 2002). Many species of Bacilli genera
synthesize thermostable enzymes and molecules to suppress soil born phytopathogenic
organisms.
Crystal (cry) and cytolytic (cyt) toxins which are also known as delta endotoxins
synthesize at the start of sporulation and during the stationery growth phase as parasporal
crystalline inclusions by Bt strains. After the insects ingest these crystal proteins, they are
solubilized by midgut proteases and bind to specific receptors which are located inside the cell
(Schnepf E et al.,1998; Bravo A. et al.,2007) which results in cell disruption and finally death of
the insect takes place.
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Bacillus thuringiensis light microscope

Life cycle of Bacillus thuringiensis
Vegetative cell division and sporulation development are the two phases which marks the
life cycle or sporulation of Bacillus thuringiensis (Bulla LA et al., 1980). The size of vegetative
cell ranges in between 2-5 micrometers and its width is about 1.0 micrometer. Rod shaped
vegetative cell divides into 2 identical daughter cells through formation of a septum which gets
initiated in the midway along the cell membrane. In contrast to the division of vegetative cell,
sporulation results in asymmetric division of cell which is further characterized by seven stages
(Bechtel DB et al., 1982) which encompass axial filament formation in stage 1, forespore septum
formation in stage 2, engulfment in stage 3, first appearance of parasporal crystals and formation
of forespore from stage 4 to 6, formation of exosporium, primordial cell wall, cortex and spore
coats along with transformation of spore nucleoid and spore mutation and sporangial lysis in
stage 7.
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Bt during sporulation produces crystal proteins so as to relieve the stress physically to
counteract the water losses in the extreme environmental conditions, which provides it an
additional
advantage
of
survival.

Cry and cyt proteins
Bt cry and cyt toxins are related to class of bacterial toxins referred as pore forming toxins
which are secreted as water soluble proteins after going through the conformational changes so
as to get inserted or translocated across the cell membranes of their respective host. Pore forming
toxins (PFT) are divided into two main groups: (i) the α-helical toxins in which the α-helix
region forms the transmembrane pore, and (ii) the β-barrel toxins (Parker and Feil,2005). The
e.g. of first class PFT are cry three domain toxins and the Cyt toxins are the e.g. of class second
PFT (Parker and Feil,2005). Generally, PFT toxins interact with the specific receptor present on
the surface of the host cell. Mostly host proteases activate PFT after they bind to the receptor
which further induces the formation of an oligomeric structure which is actually an insertion
component.
Cry toxins interact with the specific receptor which is present on the surface of host cell. It
gets activated due to host proteases, which is followed by receptor binding which further results
Page 19
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in the formation of prepore oligomric structure. On the other side, Cyt Toxins directly interact
with membrane lipids and get inserted inside the membrane. Cry proteins are precisely toxic for
the insect orders Lepidoptera, Coleoptere, Hymenoptera, Diptera and even for some of
Nematodes. In against to this Cyt toxins are active against Diptera.

Structure of Cry protein
There are at least 50 subgroups with more than 200 members in cry proteins. The
parasporal inclusion protein produced by Bt which shows lethal effects to the target organism are
called as cryproteins (Crickmore et al.,1998 ).
The members of three domain family of the cry protein, are globular molecules which
consists of three structural domains which are connected to each other by single linkers. The
presence of protoxins of two different lengths is the particular feature of members of this family.
The C-terminal extension present in the protoxins is inessential for toxicity but plays a major role
in formation of crystal inclusion bodies inside the bacteria (de Maagd RA et al.,2001). The Nterminal domain which is also referred as domain1 constitutes a bundle of seven α-helices in
which helix α 5 is hydrophobic and is located in the middle of six other amphipathic helices.
This helical domain is accountable for insertion inside the host membrane and pore formation .
The domain 2 comprises of three anti- parallel β-sheets with reveals the loop regions and domain
3 also referred as galactose binding domain is a β sandwich (Li et al., 1991; Grochulski P et
al.,1995; Morse RJ et al.,2001; Galitsky N et al.,2001), which further gets proteolytically
cleaved once the protein enters in the midgut region of the target pest (Xu C. et al.,2014).
Revealed regions of domain 2 and domain 3 participate in receptor binding (Bravo A et
al.,2005). Domain 1 is involved in pore formation and penetration. Domain 2 share structural
similarities with many carbohydrate binding routies such as vitelline, lectian etc (de Maagd et
al.,2003). Domain 3 has many structural similarities with other carbohydrate binding proteins
like galactose oxidase, β-glucoronidase (de Maagd et al.,2003). These structural similarities
indicates that carbohydrates moieties may play an important role in mode of action in three
domain cry toxins after analyzing the phylogenetic relationships of isolated domains of 3 domain
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cry family disclosed the fact that domains 1 and 2 are coevolved (Bravo A., 1997; de Maagd et
al.,2001).
Sequence alignment of three domain Cry toxins shows that almost all toxins have 5
conserved blocks (Schinepf E. et al., 1998). The first conserved block is located at central helix
of domain 1, second block is present at the interface of domain 1 and domain 2, fourth block is
found to be at the boundary between domains 2 and, fourth block is present at the central βstrand of domain 3 and the final and fifth block is located at end of domain 3 (de Maagd R.A. et
al., 2001).
A very recent discovery has disclosed the structure of protoxin forms of Cry1Ac
(Evdokimov A.G. et al., 2014), which indicated that the toxin region gets already folded into 3
domain structure. Whereas, outstretched proregion forms a 4 domain structure. The domains 4
and 6 consist of α-helical structure, while domain 5 and 7 are made of β roll topology.
Nevertheless, a mutated version of proCry1Ac was used in the studies, in which 14 of the total of
16 cysteine residues were eliminated in order to ease the experiment, these cysteine residues
present in the unmutated proCry1Ac indicates that disulphide cross linking is reason behind
stability of Bt crystals (Du C. et al., 1994). Such disulphide bonds are labile under alkaline pH
which suggests the dissolution of Bt toxins inside the midgut of target pests.
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Gene expression and Regulation of Cry genes in Bacillus thuringiensis:
In almost of all strains of Bacillus thuringiensis, the genes are found to be on plasmids that
suggests that cry proteins are not the chromosomal genes in most of strains of Bt(Dean DH,
1984; Beegle CC et al., 1992; Xu J et al, 2006; Anne-Brit et al.,2009). B. thuringiensis will
become indistinguishable from B. cereus if these plasmids are lost. These plasmids can be
exchanged either experimentally or naturally within Bt and also between Bt and 2 congeners, B.
cereus and B. mycoides (Anne-Brit et al.,2009).
The mechanism of expression of Cry proteins in Bt involves following factors: 1.
Transcriptional regulation, 2. Cry gene copy number, 3.The stability of cry gene m RNA , and 4.
Accumulation and crystallization of Cry proteins (Agaisse H. et al.,1995; Baum J.A et al.,
1995).Many studies reported over last 20 years suggests that expression and regulation of Bt cry
gene is very complex.
1. Transcriptional Regulation: According to transcription regulation of Cry genes, they are
divided into two types as sporulation dependent cry genes which are governed by sporulation
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precise sigma factors SigK and Sig E; and sporulation independent cry genes which are
governed by vegetative SigA factor (Agaisse H. et al., 1995). Transcriptional regulation of
cry gene expression is also contributed by some accessory factors.
a) Sporulation dependent cry Genes:
During the sporulation of Bt cellular components divide asymmetrically into two parts one of
which is the mother cell and the other is the forespore. Transcriptional regulation in Bacillus
subtilis is governed by group of sigma factors of RNA polymerase as: the vegetative sigma
factor SigA and SigH, SigE and SigK in the mother cell and SigF and SigG in the forespore
(Piggot et al., 2004). Similar sigma factors like SigA, SigH, SigE, SigK, SigF and SigG are
found to be located in Bt and perform almost similar roles as that in Bs (Lereclus D. et al.,
2000; Aroson A, 2002; Wang J., 2013)
SigE initiates the transcription at the onset of sporulation which is then proceeded by SigK
(Lereclus D. et al., 2000). Few cry genes which are sporulation dependent like cry1 (PerezGarcia G. et al., 2010), cry8 (Du L. etal., 2012), cry4 (Poncet S. et al., 1997) and cry11
(Poncet et al.,1997) are very weakly expressed at the offset of vegetative growth phase, and
this expression is commenced by vegetative sigma factor SigH.
b) Sporulation independent Cry Genes:
In contrast to sporulation dependent cry gene whcich are controlled by sporulation specific
sigma factors, cry3 genes are transcribed with the help of vegetative SigA promoter (Agaisse
et al., 1995; Malvar T. et al., 1994) the transcription initiation of cry 3 takes place during the
vegetative growth, and gets activated at the offset of exponential phase, which continues for
many hours together (Agaisse et al.,1995). The analysis of transcription LM1212 cry genes
showed that the promoters of these genes get activated at the offset of exponential growth
phase. Further the analysis of expression shows that the LM1212 cry genes are not governed
by sporulation factors SigE or SigK. Hence, it is clear that LM1212 cry genes are sporution
independent.
There are many other factors which play an important role in cry gene expression like the
protein Spo0A (Lereclus D. et al., 1995; Ponect S. et al., 1997), E2 subunit of pyruvate
Dehydrogenase complex (Walter T. et al., 1999) and regulation by 2 negative factors (Yu V, et
al., 2008).
2. m RNA Stability:
The half-life of m RNA of Bt cry genes is around 10 min (Glatron M.F. et al., 1972). There
are certain mechanisms which contribute in stability of m RNAs :
a) 3’ Terminal structure:
Inverted repeat sequence are extensively found in 3’ untranslated region numerous cry genes
, which may contribute in stability of cry m RNAs (Agaisse et al., 1995; Wong H.C. et al.,
1986).
b) 5’ m RNA stabilizer:
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A similar sequence to Shine-Dalgarno sequence which is close to 5’ end is responsible for 5’
m RNA stability (Agaisse et al., 1996). This sequence (designated as STAB-SD) interacts
with the 3’end of 16S r RNA. So, binding of a 30S ribosomal subunit to STAB-SD stabilizes
the m RNA by preventing degradation via 5’-3’ exoribonuclease (Agaisse et al., 1996).
3. Metabolic Regulation of Cry proteins
Regulation of cry proteins production may occur due to the products of metabolic pathways
like carbon components and amino acids. There is the involvement of metabolic regulation
mechanisms at both transcriptional and translational levels, as suggested by recent report
(Wang J. et al., 2013), which includes putting a check over the metabolism of proteases and
amino acids, the delivery of carbon and energy sources, the regulation and modification of
metabolic pathways, and regulation of oxidative phosphorylation and energy generation.
The regulation can occur due to (i) Sigma factor 54 which is also called as SigL
(Zhu L. et al., 2010), (ii)Polyphosphate kinase and polyphosphate metabolism (Doruk et al.,
2013) and also (iii) Catabolic repression by glucose (Banerjee-Bhatnagar N. et al., 1998).
4. Crystallization of cry proteins:
Generally the cry proteins of Bt are produced during the stationary phase when most of the
proteolytic enzymes are also synthesized. This indicates that Bt should have some
mechanism to prevent the enzymatic digestion of cry proteins which can occur due to various
proteases.
The mass of cry proteins ranges from 130 and 140kDa. The genes encoding these proteins
are usually monocistronic, i.e. most of cry protein genes are present in operons (BarbozaCorona J.E. et al., 2012).
Crystallization domains present on the C-terminals of the proteins are not at all involved in
the toxicity buy has an active role in the formation of crystal. Other small proteins which are
not actually involved in the toxicity but enhance the crystallization or massive accumulation
of cry proteins are encoded by the genes in the same operon (Agaisse et al., 1995; Barbozacorona J.E. et al.,2012). Example of such proteins include the 19kDa P19 and 20kDa P20
which are encoded by p19 and p20 genes in cry11Aa operon (Dervyn E. et al., 1995).
Mode of action of cry proteins
It is broadly agreed that cry proteins act by lysing the midgut epithelial cells in the target
insect via forming pores in the apical microvilli membranes of the cells (Aronson and Shai,
2001; de Maagd et al., 2005). Although, Zhang et al., in 2006 proposed that toxicity can also be
due to G-protein mediated apoptosis which follows receptor binding. After the susceptible larvae
ingests the cry proteins the crystal inclusions get dissolved in the midgut of the target pest due to
alkaline pH cry proteins of 60-70 kDa are released from crystal inclusions into the membrane
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which finally results in ion leakage and cell lysis (Bravo et al., 2005). A fragment of peptide
from N-terminal of around 25-30 amino acids in cry1 toxins, 58 amino acids in cry3A and 49
amino acids in cry2Aa toxin, and around half of the remaining peptide chain from C-terminal is
cleaved proteolytically during toxin activation. The activated toxins then bind to their respective
receptors present on the brush border membrane of midgut epithelium columnar cells (de Maagd
et al., 2001; Bravo et al., 2005). After binding to the receptor, further the toxin then penetrates
inside the cells via formation of pores in apical membranes (Aronson and Shai, 2001; Bravo et
al., 2005), which in due course causes the cell disruption of midgut epithelium which then results
in release of cell components and insect death (de Maagd et al., 2001; Bravo et al., 2005).
The very first step in mechanism of cry proteins is receptor identification by the cry toxins.
Receptors consist of Cadherin-like proteins (CAD), aminopeptidase N (APN), and alkaline
phosphatase (ALP) (Soberon et al., 2009; Pigott and Ellar, 2007).

APN and ALP are the receptors with which the very first binding of activated cry1A toxin
takes place. This interaction is quite weaker. The toxin cry1A interacts with APN receptor via its
exposed loop 3 of second domain and its interaction with ALP occurs via β-strand 16 of domain
3 (Masson et al., 1995; Pacheco et al., 2009; Arenas et al., 2010). ALP and APN proteins are
anchored to membrane via glycosyl phosphatidylinositol anchor (Upadhyay and Singh, 2011).
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After binding to ALP and APN with lower affinity in microvilli membrane og midgut cells the
toxins then bind to CAD receptor with higher affinity. (Vadlamudi et al., 1995; Gomez et al.,
2006; Pacheco et al., 2009; Arenas et al., 2010). The later one is a complex interaction. CAD has
3 epitopes in its extacellular region namely CR7, CR11, and CR12 which interact with exposed
loops 2, 3 and α-8 of second domain of the toxin, which further promotes the cleavage of α-1 of
domain 1 at N-terninal (Gomez et al., 2002; Atsumi et al., 2008). After activation of protoxins in
presence of cadherin the oligomeric prepore structure can be produced (Pacheco et al., 2009).
Further the oligomeric structure was purified using size exclusion chromatography , which
exposed that the oligomeric structure can make pores in lipid bilayers (Rausell et al., 2004). The
oligomeric cry structure increases its affinity to ALP and APN receptors, further the APN and
ALP binding induces the insertion of cry toxin inside the membrane, which finally results in pore
formation and cell lysis takes place (Pardo-Lpez et al., 2006; Arenas et al., 2010).
Zhang et al in, 2006 proposed another model mode of action of cry toxin. This model
suggests that when cry toxin binds to cadherin, the binding triggers an intracellular pathway
which follows activation of G protein with consequential activation of adenylyl cyclase, resulting
in raise of c-AMP levels and activation of a protein kinase A, which in order leads to cell death.
This model doesn’t involves oligomer formation or other receptors except cadherin protein.
Nevertheless, Cry1AMod toxins which did not have the N-terminal end and helix α-1 skipped
interaction with cadherin and killed the target pests, suggesting that, binding to cadherin is not
sufficient to induce toxicity in midgut cells of target pests (Soberon et al., 2007).
The next essential step in mode of action of cry proteins is oligomerization of 3D-cry
toxins and pore formation. The size of the pores formed due to cry proteins is around 2.3nm in
alkaline pH (Carroll and Ellar, 1997).
Genes of cry protein were subjected to mutation, specifically helices α-3 or α-4 of
domain 1, which resulted in loss of toxity to M. sexta (Vachon et al., 2002, 2004; Jimenez-Juarez
et al., 2007; Girard et al., 2008; Rodriguez-Almazan et al., 2009). These mutants exhibit altered
oligomerization and membrane protein insertion, which severely affects pore formation. But,
these mutants don’t affect binding interactions with membrane proteins and bind in the similar
fashion as the wild type toxins, which indicates that only binding of toxin to the membrane
proteins is not sufficient to kill the larvae even oligomerization of cry protein and pore formation
are also important steps for toxicity (Jimenez-Juarez et al., 2007; Girard et al., 2008; RodriguezPage 26
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Almanzan et al., 2009). Some experiments were carried out which suggests that the principle
role of CAD toxin binding is to induce the removal of helix α-1, promoting the formation of
toxin oligomer (Soberon et al., 2007; Munoz-Garay et al., 2009).
It is the oligomeric structure of 3d cry proteins which permits the cry protein to interact
with membrane lipid bilayer and forms stable pores; whereas, the toxin monomer has a very
marginal interaction with the liposomes which induces multiple subconducting states, and
exhibits unstable traces with current jumps of intermediate levels (Schwartz et al., 1993; Rausell
et al., 2004).
The widely approved model of cry toxin insertion in the membrane suggests that helices
α-4 and α-5 forms a hairpin like structure which gets inserted into the phospholipid bilayer and
the rest of the amphipathatic helices of domain 1 are at the membrane surface in an umbrella
like conformation (Schwartz et al., 1997; Kumar and Aronson, 1999; Girard et al., 2008,2009).
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Like all the other pore forming toxins produced by different bacteria e.g. anthrax toxin,
aerolysin, alpha-hemolysin and many more, only a small part of protein is involved in the
membrane insertion whereas, the rest of protein part remains outside the cell (Parker anf Feil,
2005), Cry toxins also does the same during pore formation.
Various cry proteins with their specific hosts:

Plant

Gene

Target insect

Tobacco

Cry1A(a)

Manduca sexta(L)

Cry1A(b)

Manduca sexta(L)

Cry 1A(b)& cry1A(c)

Manduca sexta(L)

Cry1A(b)

Manduca sexta(L)

Cry1C

Spodoptera littoralis(L)

Cry1C

H. virescens, S. exigua(L)

Tomato

Cry1A(b)

Heliosthis virescens(L)

Cotton

Cry1A(b)&(c)

H. virescens(L)

Potato

Cry1A(b)

Phthorimaea operculella(L)

Cry1A(b)

Leptinotarsa

(Chloroplast)

decemlinneata(C)
Cry3A

Leptinotarsa
decemlinneata(C)

Alfalfa

Cry1A(c)

Spodoptera littoralis(L)

Canola

Cry1A(b)

Plutella xylostella(L)
S. exigua(L)

Soyabean

Cry1A(C)

H. virescens(L)
Pseudoplusia includes(L)

Maize

Cry1A(b)

Ostrinia nubilabis(L)

Rice

Cry1A(c)

Chilo suppressalis (L)

Chickpea

Cry1A(b)

Pod borer
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Sugarcane

Cry1A(b)

Shoot borer

Poplar

Cry3A

Chrysomela tremulae (C)

Brinjal

Cry1Ac

Leucinodes orbonalis

Different Bacillus strain producing different Cry toxins
Bacillus Strains
1)

B.

thuringiensis

Examples of pest orders
var. Lepidoptera

kurstaki(Btk) HD1
2)

B.

thuringiensis

Cry genes
Cry1Aa, Cry1Ab, Cry1Ac and
Cry2Aa

var.

Cry1Ac

var.

Cry1Aa, Cry1Ba, Cry1Ca&

kurstaki (Btk) HD73
3)

B.

thuringiensis

aizawai HD137

Cry1Da

B. thuringiensis var. sandiego Coleoptera

Cry3Aa, Cry3Bb1, mCry3A,

and

Cry34/35Ab1

B.

thuringiensis

var.

tenebrioni
Bti

Lepidoptera and coleoptera

Cry4A, Cry4B AND Cry11A

Safety Use of Bt Microbial Products in Agricuture:
Cry proteins are highly selective insecticides because of the fact that all the cry proteins they
require to interact with the specific receptors, in order tp demonstrate their toxic reactions. The
epithelial surface of Gastrointestinal tract doesn’t possesses those specific receptors in non target
insects and mammals including humans (Sacchi et al., 1986; Wolfersberger M. g. et al., 1986;
Hofmann et al., 1998; Van Rie et al., 1989, 1990; Noteborn et al., 1996; Lambert et al., 1996;
Mendelsohn et al., 2003; Griffitts et al., 2005, Shimada et al., 2006; OCED, 2007; Vanchon et
al., 2012). And due to this reason they don’t have toxic effects on mammals.
Bt microbial pesticides are used to keep a check on insect pests on organically raised vegetables
and also on mosquito larvae in drinking water (WHO/IPCS, 1999; Bravo et al., 2007; Federici

Page 29

Synthesis and characterization of AgNPs using Bacillus thuringiensis
and Siegel, 2008; Frederiksen et al., 2006). As stated by Federici and Siegel in 2008, Vegetables
which can be eaten raw like broccoli, tomatoes, cauliflower, and lettuce teated with Bt had no
apparent adverse effects on human health, when Bt spores at the dose of 100mg/day ,are orally
ingested (Siegel, 2001). Also WHO stated in 1999 that “Bt has not been reported to cause
adverse effects on human health when it is present in drinking water or in food.”
Use of Bt Cry proteins In GM crops:
Nevertheless Bt microbial preparations are found to be safe and effective, they become unstable
in UV light, or can get washed of due to rains after some days of application (Federici B.A et al,
2008). Due to these limitations scientists tried to introduce the genes encoding Cry proteins in
the interested plant through Genetic engineering. Advantage of GM crops over Bt microbial
formulations is that, GM crops produce very specific Cry proteins which decreases the spectrum
of activity (Hammond and Koch, 2012).
Bt crops like corn and cotton are commercially approved. Bt soybean varieties which express the
Cry1Ac gene and Cry1Ac plus Cry1F has approved for commercial use in Latin America to
control the pest of lepidopteran order (CNTbio, 2010; EPA, 2010), Bt rice varieties with cry1Ab
and Cry1Ac genes has been already developed in China but its approval was expired in 2014,
similarly bt brinjal was created by introducing a gene of crystal protein cry1Ac into the genome
of brinjal, which provides the resistance against Lepidopteran insects particularly, Leucinodes
orbonalis (Brinjal fruit and shoot borer). Mahyco, an Idian based seed company located in Jalna,
Maharashtra, has developed Bt brinjal (Medakker et al., 2017).
But the critics have raised safety issues regarding the introduction of cry genes in the plant
genome. According to them, modified versions of plants are not natural and hence prolonged
animal testing should be done before approving Bt plants for the use of humans (Seralini et
al.,2011) .
Nanobiopesticides:
1. Nanoparticles:
The particles whose size range in between 1 and 100 nm in diameter are usually called as
nanoparticles (Vert M et al., 2012). These particles are subjected to Brownian motion, they
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usually don’t sediment like colloidal particles. The production of nanoparticles with specific
properties is referred as nanotechnology. It’s properties like large surface area to volume ratio,
interfacial layer, solvent affinity, diffusion across the surface, melting point depression, packing
efficiencies etc differtiates itself with other bulk or even micrometer sized particles (Buzea et al.,
2007; Valenti G et al., 2016).
2. Classification of nanoparticles:
(a) On the basis of materials:
(i)

Carbon based nanomaterials

(ii)

Inorganic based nanomaterials

(iii)

Organic based nanomaterial

(iv)

Composite-based nanomaterials

(b) On the basis of dimensions:
In 2007, Pokropivny and Skorokhod classified Nps on the basis of dimensions like 0D, 1D,
2D, 3D NMs. This classification is dependent on electron movement along the dimentions
in the Nps.
(c) On the basis of origin:
Nanoparticles can be derived either naturally through biological species or through
anthropogenic activities(Hochella M F et al., 2015); or synthetically by using mechanical
grinding, engine exhaust and smoke, chemical or biological method.
3. Synthesis of Silver nanoparticles:
Generally, there are 2 methods used for preparation of nanoparticles, those are bottomup, which involves building of material form bottom like atom by atom, molecule by
molecule and cluster by cluster; and top-down method involves slicing the bulk material to
get nano-sized particle (Husen A, Siddiqi KS, 2014). The bottom-up choice is most preferred
one for nanoparticles preparation which involes the homogeneous system where catalysts
synthesize nanostructure. Whereas in top-down method of synthesis mechanical grinding,
etching, cutting, sputtering etc. is done. The drawback of this approach is it may create
surface structural defects.
There are many methods available for synthesis of silver nanoparticles namely,
chemical (Zhang Q et al., 2011, Roldan MV et al., 2013, Sotiriou GA, Pratsinis SE, 2010,
Sotiriou GA et al., 2011), physical methods (Abou El- Nour KMM et al., 2010, Tien DC, et
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al., 2008,Asanithi P et al., 2012) and biological method (Husen A, Siddiqi KS., 2014, Siddiqi
KS, Husen A, 2016). Chemical methods are further divided into chemical reduction,
irradiation-assisted chemical pyrolysis method and electrochemical method (Zhang W et al.,
2007). Ag NPs synthesis in solution requires metal precursor, reducing agents like ascorbic
acid and alcohol and stabilizing or capping agent.
Methods like Arc-discharge (Tien DC et al., 2008), physical vapor condensation (Abou
El-Nour KMM et al., 2010), energy ball milling (Wright R et al., 2011), and direct current
magnetron sputtering (Asanithi P et al., 2012 ) are involved in physical approach of synthesis
of silver nanoparticles. But both of the methods of synthesis are very costly.
Hence, an alternative for physical and chemical approach of synthesis of nanoparticles
is biological approach. This approach is simple, cost effective and ecofriendly (Husen A,
Siddiqi KS, 22014, Husen A, Siddiqi KS, 2016). Utilization of bacteria, fungi, yeast, plant
and algal extracts for preparation of metal and metal oxide nanoparticles has gained
popularity in recent years (Husen A, Siddiqi KS, 2014, Siddiqi KS, Husen A., 2016, Siddiqi
KS, Husen A, 2017, Siddiqi KS, Husen A, 2016). Certain enzymes, proteins, and biosurfactants present in the microorganisms may serve as reducing agents where as in plants,
several types of secondary metabolites and certain biomolecules reduce the metal salts to
prepare nanoparticles.
Over the last few years, the bacterial utilization in biosynthesis of Ag NPs is
understood (Shahverdi AR et al., 2007, Liu C et al., 2012, Gopinathan P et al., 2013,
Hosseini-Abari A et al., 2013, Morsy FM et al., 2014). Many bacterial strains like A.
calcoaceticus, B. amyloliquefaciens, B. flexus, B. megaterium and S. aureus are used for
intra as well as extra cellular biosynthesis of Ag NPs (Nanda A et al., 2007, Reddy AS et al.,
2101, Shivaji S et al., 2011, Wei X et al., 2012, Saravanam M et al 2011, Priyadarshini S et
al., 2013, Das VL et al 2014). In extracellular synthesis of Ag NPs trapping of metal ions in
the outer surface of the cell takes place. Further they are reduced by enzymes or
biomolecules produced by the bacteria. In contrast, intracellular synthesis occurs inside the
bacterial cell. Extracellular synthesis is more preferable because it involves simpler
downstream processing, thus making it cost-effective than intracellular synthesis (Duran N et
al., 2005, Ganesh Babu MM et al., 2009, Kalimuthu K et al., 2008). Ag NPs synthesized by
these bacteria may be in the shape of sphere, disk, cuboid, hexagon, triangle. Extracellular
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biosynthesis of Ag NPs using cutulure supernatant of B. subtilis was demonstrated by
Saifuddin et al ., 2009. Rapid biosynthesis of Ag NPs using culture supernatents of K.
pneumonia, E. coli, and Enterobacter cloacae was reported by Shahverdi et al., 2007.
Extracellular biosynthesis of Ag NPs using Bacillus strain (CS11) was reported by Das et al.,
2014 .

BACTERIA

SIZE

LOCATION

REFERENCES

Acinetobacter

8-12nm

extracellular

Singh et al., 2013

25-35nm

extracellular

Karthik and Radha.,

calcoaceticus
Enterobacter
aerogenes
E. coli

2012
42.2-89.6nm

extracellular

Gurunathan

et

al.,

Babu

and

2009
B. cereus

4-5nm

intracellular

Ganesh

Gunasekaran, 2009
B. flexus

12-65nm

extracellular

Priyadarshini et al.,
2013

B. thuringiensis

43.52-142.97

extracellular

Banu et al., 2014

Lactobacillus

2-20nm

extracellular

Dhoondia

mindensis
Brevibacterium casei

and

Chakraborty, 2012
10-50nm

intracellular

Kalishwaralal et al.,
2010

4. Nanobiotechnology and its various applications:
Nanobiotechnology is a very recently introduced subject which include convergence of
nanotechnology and biotechnology. Biotechnology only deals with metabolic and other
physiological processes of biological subjects including microorganisms but when combined
with nanotechnology, nanobiotechnology will play vital roles in medicine, cosmetics,
agriculture and the list continues. In medicine, nanobiotechnology has vast applications
ranging from diagnosis of various diseases (D.J. Niedzwiecki et al., 2013, J. Aaron et al.,
2007, W.H. Suh et al., 2009), Gene therapy(C. Cunha et al., 2011, Y. Hanakawa et al., 2005,
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U.B. Kompella et al.,2013), drug delivery (R. Vasita et al., 2006, E. Saiz et al., 2013, C.
Cunha et al., 2011 ,T. Amna et al., 2012, H. Oi et al., 2006), tissue engineering(A. Atala et
al., 2005), pathogen detection (N. Gilmartin, 2012).
Nanobiotechnology

also

finds

its

application

in

field

of

agriculture

as

nanobiofertilizers and nanobiopesticides. Earlier, biofertilizers were developed, in which
beneficial microorganisms which convert organic matter into the nutritive compounds and at
the same time maintain soil fertility were used (Khot et al., 2012). But this approach has
various drawbacks like short life span of the product, lack of suitable carrier materials, high
temperature and desiccation sensitivity(Khot et al., 2012). So in order to overcome these
limitations , scientists have developed Nanobiofertilizers (Khot et al., 2012) for e.g. gold
nanoparticles and rhizobacteria can interact together to form nanobiofertilizers (Shukla et al.,
2015). Another application of nanobiotechnology in the field of agriculture is Nanosensor,
these can detect insects, pathogens and weeds and also provide time to time information
about requirement of fertilizers, pesticides, and herbicides (Scot and Chen, 2003).
Ag NPs as biopesticides:
The biologically derived chemical complexes with nanoparticles, which are
supposed to be used as pesticides are referred to as nano-biopesticides. By using
polymers, metal oxides, activeparticles combined with micelles, etc, the efficiency and
effectiveness of nanobiopesticides can be increased. The good nanobiopesticides such
have characteristic properties like solubility of poorly soluble active ingredients, targetoriented slow release of active ingredients, and active ingredients that shouldn’t degrade
prematurely (Ragaei and Sabry, 2014). Furthermore, nanomaterials are used as carrier for
delivery of the actual pesticides. Many nanomaterials also impart aid to conventional
pesticidal active ingredients, for the preparations of nanostuctured pesticide formulations
via adsorption, ligand-mediated attachment, entrapment and encapsulation (Ghormade et
al., 2010). The advantage of nanobiopestides over conventional biopesticides is that the
nanoformulations increase the stability, protect form degradation and enable controlled
release of active ingradients (Chaudhary et al., 2017, Swamy and Asokan, 2013).
Controlled release of the nanobiopesticide is possible due to entrapping the bioagent with
a specific biomolecule like proteins or carbohydrates which binds the active compound
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complex to nanoparticles. This helps the NPs to show their prolonged pesticidal activity
(Ragaei and Sabry, 2014).
The Ag NPs of 35 and 60 nm size exhibited efficacy against C. quinquefasciatus, and
Anopheles subpictus respectively (Rajakumar and Rahuman, 2011). Ag NPs synthesized using
leaf extracts of Peepal tree and Banyan tree, reported to change the function of gut protease
activity in H. armigera (Kantrao et al., 2017). Ag NPs synthesized by using O. sanctum under
specific conditions were successfully able to control the insect pests like Helicoverpa armigera.
Ag NPs biosynthesized using Bacillus thuringiensis, reported the larvicidal activity against A.
aegypti (A. Najitha Banu et al., 2013). Similarly, Atef M. M. Sayed et al, in 2017 synthesized
Ag NPs using Bacillus thuringiensis and reported its larvicidal activity against T. ni and A.
ipsilon. Above mentioned are some examples of biocidal activity of silver nanoparticles which
are biosynthesized.
In connection with above issues, the present investigation aims to study the efficiency of
Bt-Ag NPs against brinjal pest called Leucinodes orbonalis (fruit and shoot borer).
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Aims and Objectives
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Aim: To synthesize the silver nanoparticles using entomopathogenic bacteriaBacillus
thuringiensis kurstaki.
Objectives:





Collection of Bacillus thuringiensis kurstaki
Culture cultivation of Bacillus thuringiensis kurstaki iuntil spores are developed
Synthesis of AgNPs using Bacillus thuringiensis kurstaki
Characterization of silver nanoparticles by using UV visible spectroscopy
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Materials and Methodology
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Materials and Methodology:
1. Culture cultivation of Bacillus thuringiensis kurstaki :
The bacterial strain used in this study was an isolate of B. thuringiensis kurstaki (Btk)
which was recovered from National Chemical Laboratory (NCL), Pune. The selected strain is
known to be highly active against many pests of crop plant. Further this strain was streak
inoculated on sterilized tryptone glucose yeast agar media (TGY) plates, which is a general
purpose nutrient media comprised of Bacto tryptone 5.0g, yeast extract 5g, glucose 1.0g,
potassium phosphate 1.0g and Bacto agar 20g in 1L water (Nakamura, 1994). Bacterial culture
plates were incubated in dark at 300C for 48 h. These plates called as master plates are the stock
cultures which were further used for synthesis of Bt Ag-NPs.
2. Sample Preparation:
Bacteria from isolated colonies on master agar plates were transferred and inoculated by
using a fine sterile loop in 125mL shaker flasks containing 25mL of TGY broth media to initiate
pre-culture. This and all subsequent media were sterilized at 121 0C for 20min. The pre-culture
was incubated at 300C in a rotary shaker incubator at 250 rpm for 3 days. Then after 3 days the
pre-culture was heat-treated at 800C for 10 min in water bath in order to kill vegetative cells of
Bt, so as to initiate the production of spores.
The final production culture consisting of five 1L flasks each containing 200mL of TYG
media broth were inoculated with the pre-culture and incubated in a rotary shaker incubator for
at 300C and 250 rpm for 3 days. The samples from this culture were periodically checked
microscopically to monitor for sporulation and presence of parasporal bodies.
The biomass was harvested after centrifugation at 5000 rpm, 10 0C for 15 min to separate
supernatant from the pellet. Supernatant and pellet both were retained for nanoparticle
production. The pellet was washed twice in 0.5M NaCl and rinsed in sterile deionised water and
centrifuged. The cleaned pellet was weighed and re-suspended in 100mL of sterile deionised
water and stored at -200C until used. Further, obtained pellet and supernatant were used as
starting materials for the biosynthesis of silver nanoparticles.
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3. Synthesis of silver nanoparticles (AgNPs):
Aqueous solution of silver nitrate (1 mM AgNO3) was prepared and used for the synthesis
of silver nanoparticles. 1mL of each Supernatant and pellet of fresh Bt cultures were added to
250mL flasks (2 flasks each containing 99mL of aqueous solution of 1mM AgNO 3) for
reduction and kept at room temperature for 5 h. After incubation the silver nanoparticles
obtained, were purified by centrifugation at 10000Xg for 10 min, then are freeze dried. The
obtained AgNPs were weighed and stored at 40C. Sterilized and deionised water or Milli-Q
water was used to suspend the Bt AgNP powder for characterization.
4.

Characterization of AgNPs:
According to visual observation, color change from no color to yellowish brown was

observed in flasks containing both supernatant and pellet of Btk along with AgNO3 solution.
Which indicates that the reduction of Ag+ ions is not just a thermal process but a bioreduction
process also. The supernatant and pellet derived AgNPs were labeled as Btk-AgNPs(s) and BtkAgNPs(p), respectively.
Further, the nanoparticles were characterized by UV-Visible spectroscopy. Very small
amount of AgNP sample was diluted in distilled water. This sample was further subjected to
spectral analysis. Ag reduction was monitored by observing UV-Visible spectrum between the
range of 300nm – 600nm.
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Results and Discussion:
The present investigation describes the synthesis of AgNPs by using Bacillus
thuringiensis.
In both the experiments, adding supernatant or pellet to their respective flasks containing
aqueous solution of AgNO3 led to change in the color of solution from colorless to yellowish
brown during the period of incubation, which indicates the formation of Btk AgNPs (s) and Btk
AgNPs (p).
Silver nanoparticles were characterized by UV-Visible spectrophotometry. The
measurement of UV-Visible spectra for silver nanoparticles was performed in the range of 300800 nm. AgNPs have free electrons, which give rise to a surface Plasmon resonance absorption
band, due to the combination vibration of electrons of metal nanoparticles in resonance with
light waves. A surface Plasmon resource spectrum of AgNPs was obtained at 420 nm.

Wavelength (in nm)
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Supernatent absorbance

200

0.06

0.05

250

0.06

0.06

300

0.07
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350
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400

0.10
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450

0.10

0.12

500

0.08

0.11

550
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0.06

0.08
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This investigation exhibits the biosynthesis of nanoparticles with the entomopathogenic
bacterium, B. thuringiensis kurstaki. Reduction of Ag ions was observed by us when AgNO3 was
exposed to supernatant or pellet of Bt. Silver particles exhibited dark yellowish-brown color in
aqueous suspensions, and this color difference confirmed the formation of silver nanoparticles
(Marimuthu et al., 2103; Noginov et al., 2006; Pourmortazavi et al., 2105). Thus both the
fermentation product i.e. pellets and the waste product i.e. supernatant has the ability to produce
the silver nanoparticles (Sayed et al., 2017).
Metallic Nanoparticles have many free electrons. According to Mulvaney in 1996, these
free electrons are responsible Surface Plasmon resonance (SPR) band of the metal nanoparticles
via resonance with light waves. As mentioned in above details Bt Ag NPs show the absorption
at 400-500 nm, which corresponds to brownish yellow color in visible spectra. This pattern was
also recorded by Pourmortazavi et al in 2015 in literature for the silver nanoparticles.
The present investigation insists on the use of entomopathogenic bacterium for the
synthesis of AgNPs which has potent biological effects. There are many studies which have
already reported that AgNPs posses antimicrobial properties. Several studies have also reported
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the synthesis of AgNPs by treating AgNO3 solution which culture supernatant of various
bacterial species like Bacillus subtilis (Saifuddin et al., 2009), Bacillus licheniformis
(Kalimuthu et al., 2008), Bacillus thuringiensis (Sayed et al., 2017; Banu et al., 2014;
Marimuthu et al., 2013), Bacillus cerus (Ganesh babu & Gunasekaran, 2009), Lactobacillus
casei (Korbekandi et al., 2012) and Staphylococcus aureus (Nanda & Saravanan, 2009). But
there are very few studies on synthesis of AgNPs using pellet of bacterial species (Jain et al.,
2010; Sayed et al., 2017).
The mechanism responsible for intracellular or extracellular synthesis of AgNPs using Bt
is not yet known. Duran et al (2005), believe that enzymes like nitrate reductase secreted by
microbes helps in bioreduction of metal ions to nanoparticles. Whereas, Banu et al (2014),
suggests that extracellular cry proteins synthesized by Bt may be responsible for bioreduction of
Ag+ ions into silver. Sinha et al (2015), suggest that silver resistant genes, c-type cytochromes,
peptides, cellular enzymes and reducing cofactors may play an important role AgNP synthesis
in bacteria.
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Conclusion
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Conclusion:
To summarize, in this report this project demonstrateds the green synthesis of AgNPs
using bacteria Bacillus thuringiensis. We observed the color change in the reaction mixture
containing AgNO3 and pellet or supernatant of Bt, which indicates the synthesis of silver
nanoparticles. A surface Plasmon resource spectrum of AgNPs, synthesized using Bacillus
thuringiensis was obtained at 420 nm, which confirms the presence of AgNPs in the reaction
mixture containing supernatant as well as the reaction mixture containing pellet. These Bt
synthesized silver nanoparticles can be used to control the pests of agriculture, and could
contribute for enhancement of agricultural productivity. Bacterial mediated synthesis of AgNPs
doesn’t involve the usage of toxic, hazardous and expensive chemicals. Moreover, using
nanobiopesticides has added advantage as they are sustainable, simple, rapid,veconomical, and
ecofriendly.
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ABBREVATION
UV – Ultraviolet Radiations
B.C. - Before Christ
DNA – Deoxyribonucleic acid
BCE – Before Common Era
Cu - Copper
MRS - Methicillin-resistant staphylococcus aureus
VRE - Vancomycin-resistant enterococci
RSIC - Researchers at regional sophisticated instrumentation center
NO - Nitric Oxide
INR – Indian Rupee
SS – Salmonella Shigella
SPC – Spread Plate Count
Sec – Seconds
C – Celsius
S. typhi – Salmonella typhi
E. coli – Escherichia coli
cfu – Colony Forming Unit
ml – milliliter
cm – centimeter
mm – millimeter
nm – nanometer
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etc – excreta
CTAB – Cetyltrimethylammonium bromide
IMViC – Indole Methyl Red Voges Proskauer Citrate test
I – Indole
MR – Methyl Red
VP – Voges Proskauer
CU – Citrate Utilization
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INTRODUCTION
Paper currency is used frequently in exchange for goods and services and this is why the
circulation of paper currency from one person to another potentially spreads microorganisms. If
these currencies are contaminated by pathogenic bacteria, the rate of prevalent diseases will
continue to rise.(EK Elumalai et.al.,2012). Also currency may get contaminated by droplets during
coughing, sneezing, touching with earlierly contaminated hands or other material, many people
tongue-wet their fingers while counting money.(Sweta Manna et.al.,2018).
Different types of bacteria present on currency: E.coli, vibrio spp., Klebsiella spp.,
Enterobacter spp., Salmonella spp., Staphylococcus, Bacillus spp., Streptococcus pneumonia,
Pseudomonas spp., Shigella spp, Micrococcus spp. and citrobacter spp., Acinetorbacter spp.,
Pantoea spp.(Hasan Ejaz et.al.,2018)
During this process currency notes may causes different diseases infects respiratory and
gastro intestinal track.(Habip Gedik et.al,2013).
Researchers at regional sophisticated instrumentation center (RSIC) at the North Eastern
university in shilong, who examined Indian banknotes, found germs which can cause tuberculosis,
meningitis tonsillitis, peptic ulcers, throat infections, genital track infections etc (Nagesh Bhat
et.al.,2010)
Studies regarding contamination ascribed to microbial load specific to national currency
notes have been reported in Bangladesh (Ahmed et.al., 2010; Hosen et.al.,2006), Ethiopia
(Alemayehu and Ashenafi,2019), India (Rote, Deogade and Kawale, 2010), Iran (Dehghani ,
Dehghani and Estakhr, 2011), Nepal (Lamichhane et.al.,2009; Prasai, Yami and Joshi, 2008),
Nigeria(Awe et.al.,2010; Kawo et.al., 2009; Oyero and Emikwe, 2007; Umeh, Juluku and Ichor,
2007), Saudi Arabia(Ghamdi et.al.,2011; Rashed et.al.,2006), South Africa(Igumbor et.al., 2007),
as well as Sudan (Saadabi et.al.,2010).
Light is the radiation transmitted through space.(A.Valero et.al,2007).Ultraviolet
radiations are nonionizing radiations.(Amanina et.al,2019). It has poor penetration power and it is
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less energetic. Ultraviolet radiations from sun is distributed into three wavebands: UVA, UVB,
UVC.(A. Valero et.al.,2007).UV radiation is necessary to the body as is facilitates the production

of vitamin D. vitamin D has important function. UV light has used to successfully treat a number
of disorders.(World Health Organization,2017). To remove microorganisms ultraviolet light (UV)
is used.(A.Valero Rello,2007). DNA absorb ultraviolet radiations strongly at 260nm wavelength
at this 265nm has highest microbicidal activity and functions has a powerful sterilizing agents. UV
radiations causes a number of changes in DNA molecules which includes pyrimidine dimer.
formation.(R.V.Pereira,2014) .Most of the dimers formed due to covalent bonding between
adjusting pyrimidine molecules dimer formation causes mutation and killing the cell.
Ultraviolet (UV) light is conventional for water treatment, air disinfection, surface
decontamination and in the food industry.(R.V. Pereira,2014).
The objective of present study is to evaluate the germicidal effect of UV light on the
bacterial contaminant present on Indian currency notes.
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REVIEW OF LITERATURE
Money allows people to trade goods and services indirectly, communicate the price of
goods and it provides people with a way to store their abundance over the long-term. Before
money, people obtained and exchanged goods through a system of retailing, which involves the
direct trade of goods and services. The first region of the community to use an industrial facility
to manufacture coins that could be used as currency was in Europe, in the nation called
Lydia(modern-day Western turkey), in approximately 600 B.C. The Chinese were the first to
assemble a system of paper money, in approximately 770 B.C.(Andrew Beattie,2021).
The narrative of the Indian rupee evidence back to ancient Indian in circa 6 th century BCE,
ancient India was one of the earliest issuers of coins in the world, along the Chinese wen and
Lydian staters. The silver coin continued in use during the Mughal period, Maratha era as well as
in British India.(https://en.m.wikipedia.org/wiki/Indian_rupee#:)
Currency is one of the item frequently passed from hand to hand. During this process
currency may get contaminated by microbes and thus plays a role in the transmission of
microorganisms to other people.(Habip Gedik et.al,2013) .It may also contaminated by droplets
during coughing , sneezing, touching with previously contaminated hands and other materials and
placement on dirty surface. There is also chance of contamination by atmosphere, during storage,
usage and production. Many people tongue-wet their fingers when counting money at that time
they contaminating their fingers as well as currency notes.(Sweta Manna et.al,2018). Currency act
as tool for easy transfer of bacterial and thus cross contamination takes places.(Sushil Kumar et.al.,
2011).
Few studies have examined the contamination of coinage, and copper (cu) seems to be a
limiting factor for bacterial survival on coins. Coins have been found to carry opportunistic
bacterial pathogens, but they exhibit a lower bacterial load than paper currency.(Espirito santo C,
et.al., 2010).
Currently it is not understood on molecular level how metallic copper coins kills
micoorganisms, but previous studies have signify that a wide variety of bacteria, including E.coli,
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staphylococcus aureus and clostridium difficile are inactivates within minutes or a few hours of
exposure. (Christophe Espirito santo et.al., 2010).
Bacteria isolated from copper alloy coins comprise strains that are especially resistant again
the toxic properties exerted by metallic copper surface. The most resistant of 294 isolates were
gram positive. Cells of some of these bacterial strains survived on copper surfaces. Earlier studies
demonstrated that metallic copper surfaces efficiently inactivate microbes upon contact, especially
when they exposed to dry surfaces. (Christophe Espirito santo et.al., 2010).
Paper currency offers a large surface area as a breeding ground for pathogens it has shown
by research. Microbes may persist on it for longer period of time. Older paper currency notes
carries more accumulation of microbes. (Pradeep NV1 et.al., 2012).
On study investigated survival of Methicillin-resistant staphylococcus aureus (MRSA),
Vancomycin-resistant enterococci(VRE) and Extended-spectrum beta-lactomases (ESBL)producing E.coli on various bank notes from around the world. They found that the 3 organisms
survived on the Romanian leu for 6 hours after drying and VRE was isolated from the same notes
after one day of drying. Other currencies had variable survival rates. Another in-vitro study found
that S.aureus was able to survive on Indian paper currency for 8 days at room temperature.(Habip
Gedik et.al.,2013).
Using a metagenomics method in a study on Indian banknotes, specified 78 species of
pathogens and 78 antibiotic resistance genes. The metagenomic DNA in this study was extracted
using the conventional CTAB method, which only gives a biased representation of the microbial
species.(Jalali et.al.,2007).
Currency notes may cause a wide variety of diseases from food poisoning, wound and skin
infections, tuberculosis, respiratory and gastrointestinal problems to life treating diseases such as
meningitis and septicemia.(EK Elumalai et.al.,2012)
Researchers at regional sophisticated instrumentation center (RSIC) at the North Eastern
university in shilong, India, who examined Indian banknotes, found germs which can cause

Smt. K. W. C, Sangli, Department of Biotechnology

11 | P a g e

Evaluation of UV on bacterial contaminants present on Indian currency notes.

tuberculosis, meningitis tonsillitis, peptic ulcers, throat infections, genital track infections etc
(Nagesh Bhat et.al.,2010)
Studies regarding contamination ascribed to microbial load specific to national currency
notes have been reported in Bangladesh (Ahmed et.al., 2010; Hosen et.al.,2006), Ethiopia
(Alemayehu and Ashenafi,2019), India (Rote, Deogade and Kawale, 2010), Iran (Dehghani ,
Dehghani and Estakhr, 2011), Nepal (Lamichhane et.al.,2009; Prasai, Yami and Joshi, 2008),
Nigeria(Awe et.al.,2010; Kawo et.al., 2009; Oyero and Emikwe, 2007; Umeh, Juluku and Ichor,
2007), Saudi Arabia(Ghamdi et.al.,2011; Rashed et.al.,2006), South Africa(Igumbor et.al., 2007),
as well as Sudan (Saadabi et.al.,2010).
There is may be possibilities of transmission of COVID-19 via currency and the feasible
alternatives amid the prevailing circumstances.(Rimesh Pal et.al.,2020).
Fundamentally on studies before 1920 were involved the discovery of Ultraviolet
Radiation, its properties and influences on living organisms. During 19 th century, analyst made
several important theoretical and empirical contributions that helped to explain the properties of
UV radiations.(Philip Hockberger,2003)
Electromagnetic radiations comes from the sun and transmitted in waves or particles at
different wavelengths and frequencies. This broad range of wavelengths is known as
electromagnetic (EM) spectrum. The spectrum is generally divided into seven regions in order of
decreasing wavelength and increasing energy and frequency. The common designations are radio
waves, microwaves, infrared (IR), visible light, ultraviolet (UV), X-rays and gamma-rays.
Ultraviolet is a form of electromagnetic radiation with wavelength from 10 to 400 nm,
shorter than that of visible light, but longer than x-rays. UV radiation is classified into three
primary types: Ultraviolet A (UVA: 315-400nm), Ultraviolet B (UVB: 280-315nm), Ultraviolet C
(UVC: 100-280nm).(A.Valero et.al,2007).
UV radiation is essential to the body as it facilitate the production of vitamin D. vitamin D
has vital function in boosting calcium and phosphorus absorption from food and plays a crucial
role in skeletal development, immune function and blood cell formation. UV light is has used to
successfully deal with a number of diseases (eg. rickets, psoriasis, eczema and jaundice). (world
Smt. K. W. C, Sangli, Department of Biotechnology
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health organization, 2017). UV reproduce nitric oxide (NO), which may decrease blood pressure
and improve cardiovascular health. Solar ultraviolet (UV) radiation has been used since ancient
times to deal with various diseases. UV exposure may enhance mood through the release of
endorphins. (www.ncbi.nlm.nih.gov/pmc/articles/PMC3427189/)
Ultraviolet C (UVC) light has a short wavelength than Ultraviolet A and Ultraviolet B light.
“UVC light is present in sunlight; it is completely absorbed by the ozone layer and earth’s
atmosphere”.(Maria Turtoi,2013).
Artificial sources include tanning booths, black lights, curing lamps, germicidal lamps,
mercury vapor lamps, halogen lights, high-intensity discharge lamps, fluorescent and incandescent
sources and some types of lasers.
UVC light has germicidal properties and can be effective against bacteria, mold and
viruses.(https://m.economictimes.com/magazines/panache/ultraviolate-light-can-kill-pathogensin-fruit/articleshow/48267692.cms)
UVC light cannot penetrate opaque, solid objects can be effective in sanitizing
surfaces.(Amanina et.al,2019).The technology which has been around for several years and has
been used to effectively sanitize surfaces as well as drinking water and contaminated air.(Tatiana
Koutchma ,2008).It works on microorganisms by destroying nucleic acid and disrupting their
DNA.(http://en.m.wikipedia.org/wiki/ultraviolate_germicidal_irradiation).
Violet-blue and near UV (UVA) rays were the most damaging part of sunlight on bacteria
exhibited by Ward in between 1893-1895. Ward suggested that calamitous action of UV light on
bacteria is formed by interaction of light with photosensitizers in the medium resulting in hydrogen
peroxide production leading to irreparable damage to the bacteria. (Philip Hockberger, 2003).
UVC light inactivate 90% of pathogens grant on rough surfaced fruit. The light did not
effect the chemical or physical integrity of the fruit used during study. If contamination level high
then UVC technology alone may not be sufficient to achieve the desired level of
effectiveness.(https://m.economictimes.com/magazines/panache/ultraviolate-light-can-killpathogens-in-fruit/articleshow/48267692.cms)

Smt. K. W. C, Sangli, Department of Biotechnology

13 | P a g e

Evaluation of UV on bacterial contaminants present on Indian currency notes.

Ultraviolet light at wavelength of 254nm destroys the DNA of all microorganism so
viruses, bacteria, yeasts and fungi are disable in seconds.(Amanina et.al,2019).
Salmonella, listeria and E.coli which have a comparatively thin cell wall and can thus only
slightly block the UV radiation are extremely vulnerable and are very easily destroyed. On the
other hand mould spores protect themselves against UV radiation with a thick cell wall, which can
even be pigmented. To kill these UV does which is 10-100 times higher than that required for
bacteria is needed.
UV is mutagenic to bacteria, viruses and other microorganisms particularly at wavelength
around 260nm-270nm. UV breaks molecular bonds within micro- organismal DNA, producing
thymine dimers that can kill or disable the organism. Killing bacteria with UV light requires the
use of germicidal wavelengths of 185-254nm.(Maria Turtoi,2013).

The average bacterium will be killed in ten seconds at a distance of six inches from the
lamp in an American ultraviolet germicidal fixture.
In dairy industry UV disinfection is used especially for the packaging of fresh milk
products, such as yoghurt, cream, cheese and dips, which are kept in cool chain, in order to improve
shelf life. This means that the dairy processor has significantly fewere returns of spoiled
product.(Nurcan Koca et.al.,2018)
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Ultraviolet light (UV) light is conventional for water treatment, air disinfection and surface
decontamination. UV light is also use for pasteurization of fresh juice stocks. UV light is utilized
in the food industry for sterilizing surfaces.(Tatiana Koutchma, 2008). UV light is also utilized to
inactivation of microbes in the food-processing industry, in portable water and in waste
water.(R.V. Pereira, 2014)
UV light is also used in currency for surface disinfection. In society where credit cards,
mobile phone apps, near-field-communication systems and cryptocurrencies such as bitcoins are
rapidly replacing the use of hard currencies, cash exchanges still make up a significant means of
exchange for small value purchases, while cash is still commonly used in developing countries for
high value purchases. (Koblitz N. et.al., 2016)
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MATERIAL AND METHODOLOGY
 Collection of currency notes
Few Indian currency sample notes of INR 10, INR 20, INR 50, INR 100 were collected
from medical shops, bus conductors, vendors like fish, fruit, vegetables and provisional shops and
kept in sterile zipper bags.
 Isolation of bacterial contaminants from Indian currency notes


Spread plate method
Sterile cotton swab dipped in 1% peptone water is used for taking samples. Swabbing was

done from each corner and central parts from both sides of currency notes without damaging the
notes. Cotton swabs were directly spread on different media namely Mac Conkeys agar media,
Salmonella Shigella (SS) agar media, peptone yeast extract, mannitol salt agar media and then the
plates were incubated at 370 C for 24 hours. The bacterial colonies obtained were characterized.
 Design of UV sanitization bag –
The UV sanitization bag is made up of rexine fabric having a chain and is internally covered
by soft cloth. The total length of the sanitization bag is 30cm.At the center of bag there is a stand
to place the objects which are to be sanitized. There are two UVC light tubes of 254mm at the
bottom and top of the bag. The distance of upper and lower tube from stand is 15cm each. On the
outer side of the bag there is provided a timer showing time in seconds and also a switch on and
off button. Also there is provision of a small window so one can see if the UVC light tube is
working or not.
 Procedure –


Testing effect of UV on isolated bacterial count –
Prepare 7 plates of each media namely MacConkey’s agar media, SS agar media, peptone

yeast extract media and manitol salt agar media. In aseptic condition prepare saline suspension by
picking up well isolated colonies of C1, C2, C3 and C4 bacteria and pour it in sterile empty petri
plates. After that place the each plate containing suspention in UV sanitization bag and allow it to
expose to UV light for different time intervals. (0 sec, 30 sec, 60 sec, 90 sec, 120 sec, 150 sec and
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180 sec). After that spread the exposed suspension on selective media plates in aseptic condition.
Then wrap the plates in black paper to avoid photoreactivation. Incubate these wrapped plates at
370C for 24 to 48 hours. After incubation count the number of colonies from each plate with the
help of colony counter.

I.

Testing effect of UV on bacterial count of Indian currency notes –
Before exposure to UV light –
Take swab of each currency notes (sample) with the help of sterile cotton dipped in 1%

peptone water. Then serially dilute the suspension as 101, 102, 103, 104, 105 and 106. Prepare 6
plates of Nutrient agar media. Then spread the suspension by spread plate technique then wrap the
plates in black paper and incubate it at 370 C for 24 hours. After incubation count the isolated
colonies by colony counter and calculate SPC (Spread Plate Count) by using formula –
SPC= number of colonies * dilution factor / added sample
II.

After exposure to UV light –
Place the 6 currency notes in UV sanitization bag and allow it to expose to UV light for

different time intervals (30 sec, 60 sec, 90 sec, 120 sec, 150 sec and 180 sec). After specific time
interval the respective currency note was taken out from the UV sanitization bag and swabs were
taken in aseptic condition.
These swabs were suspended in 1% peptone water and then serially diluted as 10 1, 102,
103, 104, 105 and 106. Prepare plates of Nutrient agar media. Then spread the suspension by spread
plate technique then wrap the plates in black paper and incubate it at 370 C for 24 hours. After
incubation count the isolated colonies by colony counter and calculate SPC (Spread Plate Count)
by using formula –
SPC= number of colonies * dilution factor / added sample
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RESULT AND DISCUSSION
We have collected some samples of Indian currency Notes from different sources to
observe the effect of UV on Indian currency microflora by spread plate technique. 4 different
colonies are identified as C1, C2, C3, C4. For confirmation biochemical characterization carried
out and their results are mentioned in table no 1.
Table No 1: Biochemical Characterization –

Bact

Carbohydrate utilization Enzymatic Test

H2 S

erial

test

Produ

cultu

IMViC Test

ction

re

Gluc

Lact

Sucr Malt

Catal Gelati

Oxid

Coag

Ure

code

ose

ose

ose

ose

ase

nase

ase

ulase

ase

C1

+

+

+

+

+

-

-

-

C2

+

-

-

+

+

-

-

-

C3

+

+

+

+

+

+

-

C4

+

-

+

+

+

+

+

-

I

MR

VP

CU

-

+

+

-

-

-

+

-

-

-

-

+

+

-

-

+

+

+

-

-

-

-

-

+

+

From the above data of Biochemical characterization 4 bacterial species are as follows :
C1 – E. coli, C2 – Salmonella typhi, C3 – Staphylococcus aureus, C4 – Bacillus subtilis
After confirmation of 4 bacterial species their morphological characterization was studied
as follows in table no. 2 .
Table No. 2 : Morphological characterization
Name

of Code

bacteria

Morphological characters
Size

Shape

Color

Gram
Margin

Opacity

Motility

Consist Nature
ency

E .coli

C1

1-2mm

Circular Pink

Entire

Opaque

Slimy

Gram

Motile

negative
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Short
rod
C2

Salmonella

2-3mm

Circular Yellow Entire

Opaque

Mucoid

Gram

Motile

negative

typhi

Rods
Staphylococcus

C3

1-2mm

Circular White

Irregular Opaque

Dry

Gram

Motile

positive

aureus

rods

in

chain
Bacillus subtilis

C4

1-2mm

Circular Golden Entire
yellow

Transluc

Dry

ent

Gram

Non

positive

Motile

cocci in
bunch

Cultures of isolated bacteria:
C1- E. coli

C2- salmonella typhi
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UV sanitization bag design:

Further the isolates were utilized to check the effect of UV light exposing them at different
time intervals (0 sec, 30sec, 60sec, 90sec, 120sec, 150sec, 180sec)
Times

in Colony count of bacteria

seconds
E. coli

Salmonella

Staphylococcus Bacillus

typhi

aureus

0

270

250

250

300

30

140

66

100

270

60

16

57

15

250

90

6

19

0

123

120

2

12

0

70

150

0

5

0

53

180

0

3

0

10
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COLONY COUNT OF BACTERIA

Effect of UV radiations on isolates
350 300
300 270
250
250
200

140
123
100
66

150
100

70
57
16
15

50

53
19
6
0

12
10
2
0

5
3
0

3
2
0

0
0

50

100

150

200

TIME IN SECONDS
E.coli



S.typhi

S. aureus

B.subtilis

Testing effect of UV on bacterial count of Indian currency notes –

Exposure to UV light no of colonies mentioned in table no 3

Time in
Seconds

0 (before

30

60

90

120

150

180

exposur
e)
Colony count

dilutions
101

300

260

210

170

120

80

52

102

300

230

180

123

97

74

42

103

298

210

150

84

63

44

23

104

272

120

99

81

68

40

19

105

120

84

72

54

47

20

9

106

184

73

49

21

7

1

0
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Time in seconds

SPC count in cfu / ml

0 (before exposure)

555*103

30

471*103

60

415*103

90

376*103

120

217*103

150

152*103

180

130*103

Graphical representation of after exposure to UV light:

exposing to UV light

SPC COUNT IN CFU/ML

600
500
400
300
200

100
0
0

30

60

90

120

150

180

time in seconds

The present study revealed the extend and the level of contamination on Indian currency
notes with pathogenic microorganisms. The cultures from the collected Indian currency yielded
several isolates representing selected four different types of bacterial species. Old tattered and dirty
notes were contaminated than new notes.
In the present study, isolation of gram positive as well as gram negative bacteria from ICN
confirmed that currency might be playing an important role as vector, in the transmission of
pathogen in the community.
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The Bacteria found in these ICN, namely E. coli, Salmonella typhi, Staphylococcus aureus,
Bacillus subtilis may couse wide variety of diseases. Considering our findings, it seems that
disinfection and sanitization of currency by UV radiation would decrease the risk of infection.
Hence the UV sanitization bag is useful in daily life. With the help of this bag we can
sanitize or disinfect our money as well as other objects in houses like mobile phones, wallet, keys,
vegetables and fruits, packaged food which may contribute to transmit infection.
The research paper named ‘Bacterial survival under Extreme UV radiation: A comparative
proteomics study of Rhodobacter sp., isolated from high altitude wetlands in Chile’ also contains
effect of UV radiation bacteria. They have selected Rhodobacter as sample organism. They have
also concluded that, as the bacteria exposed to UV their DNA is disrupted causing its death.
Similarly we have concluded that as time of exposure increasesthe no. of colony decreases. Hence
we have designed UV bag in collaboration with ‘Prasad shop’ for disinfection.
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CONCLUSION
We have collected samples of Indian currency notes from different sources to
observe effect of UV on Indian currency notes.
By biochemical characterization and morphological characterization 4 different
bacterial species are confirmed. C1- E. coli, C2- Salmonella typhi, C3- Staphylococcus
aureus, C4- Bacillus subtilis. Isolates were utilized to check the effect of UV on them. In
this condition it was observed that time of exposure increases no. of colonies goes on
decreasing. In before exposure to UV light spread plate technique is used to count the no
of colonies.
After that Indian currency notes were exposed to UV radiations at different time
intervals and result is in decrease in number of colonies as there is time of exposure. Where,
we carried out spread plate technique. On Indian currency notes it is observed that no. of
colonies goes on decreasing as time of exposure increases.
So this sanitization bag is useful in house, shops, vegetable markets etc. it also
helpful to reduce different diseases which are spread through person to person by handeling
Indian currency notes which are loaded with different bacteria.
In feature prospective we will study on effect of UV on viruses (antiviral). In
present condition we don’t have sufficient instrumentation and proper facilities to handle
viruses.
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APENDIX






MacConkey’s Agar media :
Peptone

1g

Protease peptone

3g

Lactose

10 g

Bile salts

1.5 g

Sodium chloride

5g

Neutral red

0.03 g

Crystal violet

0.001 g

Agar

13.5 g

Distilled water

1 lit

pH

7.1 +/- 0.2

Peptone Yeast Extract :
Yeast extraxt

10 g

Glucose

10 g

L – cysteine

0.5 g

Sodium bicarbonate

0.4 g

NaCl

0.08 g

Monopotassium phosphate

0.04 g

Dipotassium phosphate

0.04 g

CaCl2

0.008 g

MgSO4

0.008 g

Hemin soln 0.1%

5ml

Vit. K soln 1%

0.1ml

Mannitol salt agar media:
Pancreatic digest of casein

5g

Peptic digest of animal tissue

5g

Beef extract

1g

NaCl

75 g

D – mannitol

10 g
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Phenol red

0.025 g

Agar

15 g

Distilled water

1000ml

pH

7.4 +/- 0.2

SS agar media:
Beef extract

5g

Enzymatic digest of casein

2.50 g

Enzymatic digest animal tissue

2.50 g

Lactose

10 g

Bile salt

8.50 g

Sodium citrate

8.50 g

Sodium thiosulfate

8.50 g

Ferric citrate

1g

Brilliant green

0.00033

Natural red

0.025 g

Agar

13.50 g

Distilled water

1000ml

pH

7.0 +/- 0.2

Nutrient Agar media:
Yeast

10 g

Peptone

10 g

Sodium chloride

5g

Agar

20gm

Distilled water

100ml
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Introduction
Over the next 20 years, as population is rising tremendously, crop production will have to be
increased to meet the food demand. A series of innovations must be developed to meet the food
production challenge. It may include many ways such as improvisation in the manures and
fertilizers, plant improvement to withstand the worse environmental conditions etc. Pest
management is one of the way to get better yield and production. It is estimated that there area
round 67000 different crop pest species and together they cause about a 40 percent reduction in
the world’s crop yield productions. Since the 1960s, pest management in the industrialized
countries has been based around the intensive use of synthetic chemical pesticides( David
Chandler et al, 2011). The chemical pesticides used in crop protection pose many long-term
threats and risks to living beings due to their harmful side effects. They are known to cause cancers
and foetal impairments and they persist in the environment for many years i.e., they are
nonbiodegradable( Jitendra Kumar et al, 2021). Excessive and injudicious prophylactic use of
pesticides can result I pest resurgence, secondary pest problems or the development of heritable
resistance.( Vimladevi et al,2019, David Chandler et al, 2011). The rate at which new, safer
chemicals are being made available is very low. This is caused by a fall in the discovery rate of
new active molecules and the increasing costs of registration. Further concerns are
Being expressed by consumers and pressure groups about the safety of pesticide residues in food.
These concerns are voiced despite the fact that pesticides are among the most heavily regulated of
all chemicals.( David Chandler et. al, 2011).
Traditional strategies like integrated pest management used in agriculture are insufficient, and
application of chemical pesticides have adverse effects on animals and human beings apart from
the decline in soil fertility. Therefore, nanotechnology would provide green and efficient
alternatives for the management of insect pests in agriculture without harming the
nature(Ragaei,2014). Nanopesticides defines as any formulation that intentionally include the
elements in the nm size range and/or claims novel properties associated with these small size range
( Ragaei,2014). According to Bhattacharyyal et al. (2010) the word “Nano” is developed from the
Greek word meaning “dwarf”. In more technical terms, the word “nano” means 10 -9The aims of
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nano formulations are generally common to other pesticide formulations and consist in
:·Increasing the apparent solubility of poorly soluble active ingredient. Releasing the active
ingredient in a slow/targeted manner and/or protecting the active ingredient against premature
degradation(S.Routray,2016).
Biopesticides, which are pest management agents based on natural products, offer a great promise
in controlling yield loss without compromising the quality of the product. Biopesticides are
formulations made from naturally occurring substances that control pests by non-toxic
mechanisms and in an ecofriendly manner. There are many types of biopesticides, and they are
classified according to their extraction sources and the type of molecule/compound used for their
preparation. The categories are —microbial pesticides, biochemical pesticides, insect
pheromones, plant based extracts and essential oils, insect growth regulators,
GMO products(JitendraKumaretal, 2021)
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A lot of research is going on how these biopesticides can be improved with the use of
nanotechnology to understand interaction between nanoparticles, microorganisms, soil, plants
and humans.The nanopesticides of biological origin could be fabricated using any metal such as
Ag,Cu, SiO2,ZnO with broad-spectrum pest protection efficiency.(Ladeetal, 2017).
Nanoparticles in agriculture serve as ‘magic bullets’, containing insecticides,
fungicides,herbicides,chemicals,orgenes,which target particular plant parts or organism store
lease their content. Nanoencapsulation is currently the most promising technology for protection
of hostplants against insect pests.(S. Routray,2016).
The use of microbial insecticides as substitute for chemical products is an alternative for insect
control in many crops. Biological insecticides based mainly on entamopathogenic bacteria are
mainly based in Bacillus thuringiensis. Bt relies on insecticidal toxins, such as Cry and
Cyt,during its pathogenic process. There are other insecticidal products also which are based
on different bacteria and microorganisms which act on so many different varieties of pests.(
Bowenetal, 2000)
Bt is a ubiquitous soil bacterium that forms spores and crystals during the stationary phase of
its growth cycle. The crystals predominantly comprise one or more delta-endotoxins—Cry
and/or Cyt proteins with specific insecticidal activity. Different types of toxins are produced
by different types of Bt, each of which affects a narrow taxonomic group of insects. Bt toxins
have,therefore, been used as topical pesticides for protecting crops from major insect pests such
As Helicoverpaarmigera,Plutellaxylostella,Ostrinianubilalis,Agrotisipsilon,Spodopteraexigua,e
tc.( Vimladevietal,2019)
Bacillus thuringiensis (Bt) and its insecticidal toxins have been used in agronomical pest
control for decades. The mechanism of action of Bt toxins on insect pest involves specific
molecular interactions which makes Bta popular choice for pest control. The specificity of
action of Bt toxins reduces the concern of adverse effects on non-target species, a concern
which remains with chemical insecticides. Different strains of Bt are known to express different
classes of toxins which in turn target different insects. Btband its toxins can be formulated into
powder or liquid sprays or expressed in transgenic plants. To maximize the effect of Bt toxins,
multiple toxins are often combined when making Bt formulations or expressed in transgenic
plants.
Though Bt is a very effective biological control agent, there are concerns over the development
of resistance by insect species and also the narrow spectrum of activity of individual toxins
(Zenas George,2012).
Here in this project, our aim is to check this pesticidal activitiy of Bt Cry proteins with silver
nanoparticles. Bt being dominant in the biopesticide industry and AgNps being most
effective Nanoparticles, we decided to work on them in combination.
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Bio-Pesticides
The naturally occurring substances produced from the living organism or their by products which
can put a check on pest by non toxic mechanisms are referred to as biopesticides (Salma and Jogen,
2011). Biopesticieds encircles a huge range of microbial pesticides, biochemicals produced by
microorganisms, and other natural sources like plants, according to Suman and Dikshit (2010).
Biopesticides are broadly categorized in 4 major classes depending on their source as:
1. Microbial pesticides: The biopescides derived from products obtained from microorganisms
such as bacterium, virus, fungus, protozoan as the active ingredients come under this category.
The most important and regularly utilized of the all microorganisms is Bacillus thuringeinsis
(Bt). This bacterium serves as a pesticide for Lepidoptera, Coleoptera and Diptera (Gill et
al.,1992)
2. Biochemical pesticides: these can be also referred as herbal or pant based pesticides, there are
naturally occurring substances used for restricting effects of pests by non toxic mode of action.
3. Plant-Incorporated-Protectants (PIP): PIPs are also referred as Genetically Modified Crops.
The biopesticides produced by PIPs are synthesized by genetically engineered plants, in which
the gene producing biopesticides is incorporated in the genetic makeup of the plant.
4. Semiochemicals: The chemical signal produced by one organism which causes some
physiological changes in organisms of different spicies is called as semiochemical.
MICROBIAL BIOPESTICIDES
1. BACTERIAL BIOPESTICIDES
Some Bacillus spices like Bacillus thuringiensis israelensis and Bacillus spaericus 2362
were turned against mosquito (Revathi et al., 2013) and other dipteran larvae. to be very effective
Bacillaceae, Burkholderia, , Saccharopolyspora, Chromobacterium, Pseudomonas and Serratia
are recognized as potent biopesticides and are basically used to put check on insects involved in
plant dieases. Photorhabdus and Xenorhabdus bacteria act as symbionts and confer their
pathogenicity towards entomopathogenic nematodes (Lacey and Geeorgis, 2012). Pseudomonas
fluorescens consists of a group of Gram negative bacteria which are potential biopesticides and
exhibits biocontrol over various plant diseases by protecting seeds and roots from fungal infections
Page
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(Hoffland et al., 1996; Wei et al., 1996). Burkholderia spp. and Chromobacterium spp. are used
as biopesticide against chewing and sucking insects, mites and nematodes. B. thuringiensis ssp.
Kurstaki and aizawai, shows the highest activity against Lepidopteran larval species; B.
thuringiensis israelensis exhibits its toxic activity against mosquito larvae, black fly and a fugus
gnats; B. thuringeinsis tenebrionis shows its toxic activity against coleopteran adults and larvae,
especially on Leptinotarsa decemlineata; and B. thuringiensis japonensis strain Buibui has activity
against soil borne beetles (Carlton 1993; Copping and Menn 2000). The Bt crystalline proteins
when binds to insect gut receptor exhibits the target insect pest (Kumar 2012).
2. FUNGI
The important group of microbial pest management organisms include pathogenic fungi
(Khachatourians, 2009) mostly found in terrestrial and aquatic regions and when interact
specifically with insects are knowns as entomopathogenic fungi. These fungi infect the
sucking insect pests like aphides, thrips, mealy bugs, whiteflies, scale insects, mosquitoes,
and almost of all mites (Barbara and Clewes 2003; Pineda et al., 2007). The commercial
mycoinsecticide called Boverin is based on B. bassiana is active biopesticide against Cydia
pomonella (Anderson et al., 1989). Beaureia bassiana belongs to entomopathogenic fungi
which can control large number of pests like aphides, thripes, flies, and different beetles
and protects plamts like tomato, potato, opium poppy, cocoa and coffee (Vega et al., 2008;
Ownley et al., 2008). Metarhizium anisopliae and M. acridum are generally used in
preparation of mycosecticides and mycoacaricides (De Faria et al., 2007). M. anisopliae
affects more than 7 orders of insects, whereas, M. acridum only infects the pests of
acrididae family (Hu X et al., 2014). Lecanicillium lecanii is another example of
entomopathogenic fungi, whose spores germinate and produce hyphae on insects, which
further penetrates in the body of target pests and results in tissue distruction. This fungi
protects the crop plants from white flies and aphides.
Some strains of L. lecanii are also active against thripes, crustaceans (Hall, 1985). Isaria
fumosorosea are yet another entomopathogenic fungi, who are particularly active against
white flies (Lacey, 1996). Trichoderma spp. for example T. viride, T. koningii, T.
harzianum etc also are active against various pests.
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3. VIRAL PESTICIDES
Baculoviridae are double stranded viruses, which are used for killing the target pests to protect the
crops (Lacey L.A et al., 2001; Moscardi et al., 2011). They are active against pests like
Helicoverpa species, Spodoptera spp. and Plutella xylostella. The majority of baculovirus which
are used in control of pests are in the genus Nucleopolyhedroviruses. The viruses of this genus are
very specific and show a narrow spectrum insecticidal activity. Codling moth granulosis virus acts
against pest called codling moth, Cabbage army worm nuclear polyhedrosis virus is specific
against cabbage moth, ballwormand potato tuber moth.

4. PROTOZOAN PESTICIDES
One of the important examples of protozoan pesticides include Microsporidia. Nosema pyrausta
is an example of microsporidia, which infects European corn borer. Nosema locustae controls
grasshoppers and crickets. Vairimorpha necatrix is another microsporidium which has wide host
range including corn earworm and European corn borer, fall webworm ad cabbage looper. In most
cases the microsporidia must be eaten by the insect in order to infect it. When the pathogen enters
the insect body via the gut wall, it spreads to various organs and tissues and multiplies which
results in tissue breakdown and septicemia (Hoffmann et al., 1993).
PATHOGEN

HOST RANGE

Bacteria
Bacillus thuringiensis var. kurstaki

Caterpillars (larvae of moths abd butterflies)

Bacillus thuringiensis var. israelensis

Larvae of Aedes andpsorophora mosquitoes,
black flies, and fungus gnats

Bacillus thuringiensis var. tenebrinos

Larvae of Colorado potato beetle

Bacillus thuringiensis var. aizawai

Wax moth caterpillars

Bacillus popilliae and Bacillus lentimorbus

Larvae of Japanese beetle

Bacillus sphaericus

Larvae of Culex, Psorophora, and Culiseta
mosquitos, larvaeof some Aedes spp
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Burkholderia spp. and Chromobacterium spp

chewing and sucking insects, mites and
nematodes

Pseudomonas fluorescens

Protects the seeds and roots from fungal
infections

Pseudomonas chlororaphis

Spodoptera, Heliothis, Manduca sexta

FUNGI

Beauveria bassiana

Aphides, fungus, gnats, mealy bugs ,mites,
thrips,whiteflies

Lagenidium giganteum

Larvae of most pest of mosquito spp

Metarhizium anisopliae

Termites, white flies, thrips, aphids, caterpillars

Lecanicillium lecanii

Aphides

Paecilomyces fumosoroseus

White flies, thrips

Trichoderma viride

Curvularia
lunata,
Rhizoctonia
solani, Fusarium spp.

Trichoderma harzianum

Penicillium notatum, R. solani

PROTOZOA
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Nosema locustae

European cornborer caterpillars, grasshoppers
and mormon crickets

Nosema pyarausta

European corn borer

Vairimorpha necatrix

Caterpillar pests, fall webworm, cabbage looper

VIRUSES
Gypsy moth nuclear plyhedrosis(NPV)

Gypsy moth caterpillar

Tussock moth NPV

Tussock moth caterpillars

Codling moth granulosis virus(GV)

Codling moth caterpillars

Cyadia pomonella granulovirus

Cyadia pomonella

Helicoverpa zea nucleopolyhederovirus

Helicoverpa spp. and Heliothis virescens

Spodoptera exigua nucleopolyhedrovirus

Spodoptera exigua

Table 1. Microbial Insecticides: A summary of microbial biopesticides and their host organisms.

The above listed biopesticides are used in agricultural field in order to prevent the crop plants from
the dieases caused by pests. One of such biopesticide is Bacillus thuringiensis.

Discovery, classification and taxonomy of Bacillus Thuringiensis:
Japanese sericultural engineer Ishiwatari Shigetane, in 1902 discovered Bacillus
thuringiensis in silkworms and named it as Bacillus sotto. Then, German microbiologist Ernst
Berliner, in 1911, rediscovered it, when he isolated from flour moth caterpillars, which cause
diseases called Schlaffsucht in Thuringia (Reardon RC et al., 1994). And hence Bacillus sotto was
renamed as Bacillus thuringiensis.
Bacillus Thuringiensis is an entomopathogenic, Gram positive, spore forming, rod shaped
and aerobic bacterium, non capsulated and motile with peritichous flagella which is usually located
in soil, dead insects and water (Lambert and Peferoe, 1990-92). During their sporulation stage
parasporal insecticidal proteins crystals or delta endotoxins are produced (Jouzani et al.,2008). Bt
possesses its toxicity towards a wide range of insect pests for e.g. Dipteran, Lepidopteran and
Coleopteran (Federici et al., 2006; Lacey et al., 2015). On the basis of cerotype and phylogenetic
features, Bt is further divided into serotypes and strains (Seifinejad et al., 2008). Bt israelensis and
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Bt kurstaki are some of the well studied subspecies which are currently being used as a source for
endotoxin protein production at commercial level (Dambach P. et al., 2014; elleuch et al., 2015;
Jeong et al.,2017;Zhang et al., 2017).
Classification of Bacillus thuringiensis strains has been completed by H serotyping, it is an
immunological reaction to the bacterial flagellar antigen. Flagellin protein which is responsible for
exhibiting the immunological reaction in H serotying is encoded by hag gene.
Bt has G+C contents ranging from 36-69% (Garbeva P et al.,2003). On the basis of
phylogenetic heterogeneity, Bacilli has been classified into eight genera: Bacillus,
Alicyclobacillus, Paenbacillus, Brevibacillus, Aneurinibacillus, Virgibacillus, Salibacillus and
Gracilibacillus (Ash C et al.,1991; Nakamura Lk et al., 2002). Many species of Bacilli genera
synthesize thermostable enzymes and molecules to suppress soil born phytopathogenic organisms.
Crystal (cry) and cytolytic (cyt) toxins which are also known as delta endotoxins synthesize
at the start of sporulation and during the stationery growth phase as parasporal crystalline
inclusions by Bt strains. After the insects ingest these crystal proteins, they are solubilized by
midgut proteases and bind to specific receptors which are located inside the cell (Schnepf E et
al.,1998; Bravo A. et al.,2007) which results in cell disruption and finally death of the insect takes
place.

Page
17

Synthesis and characterization of AgNPs using Bacillus thuringiensis

Bacillus thuringiensis light microscope

Life cycle of Bacillus thuringiensis
Vegetative cell division and sporulation development are the two phases which marks the
life cycle or sporulation of Bacillus thuringiensis (Bulla LA et al., 1980). The size of vegetative
cell ranges in between 2-5 micrometers and its width is about 1.0 micrometer. Rod shaped
vegetative cell divides into 2 identical daughter cells through formation of a septum which gets
initiated in the midway along the cell membrane. In contrast to the division of vegetative cell,
sporulation results in asymmetric division of cell which is further characterized by seven stages
(Bechtel DB et al., 1982) which encompass axial filament formation in stage 1, forespore septum
formation in stage 2, engulfment in stage 3, first appearance of parasporal crystals and formation
of forespore from stage 4 to 6, formation of exosporium, primordial cell wall, cortex and spore
coats along with transformation of spore nucleoid and spore mutation and sporangial lysis in stage
7.
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Bt during sporulation produces crystal proteins so as to relieve the stress physically to
counteract the water losses in the extreme environmental conditions, which provides it an
additional advantage of survival.

Cry and cyt proteins
Bt cry and cyt toxins are related to class of bacterial toxins referred as pore forming toxins
which are secreted as water soluble proteins after going through the conformational changes so as
to get inserted or translocated across the cell membranes of their respective host. Pore forming
toxins (PFT) are divided into two main groups: (i) the α-helical toxins in which the α-helix region
forms the transmembrane pore, and (ii) the β-barrel toxins (Parker and Feil,2005). The e.g. of first
class PFT are cry three domain toxins and the Cyt toxins are the e.g. of class second PFT (Parker
and Feil,2005). Generally, PFT toxins interact with the specific receptor present on the surface of
the host cell. Mostly host proteases activate PFT after they bind to the receptor which further
induces the formation of an oligomeric structure which is actually an insertion component.
Cry toxins interact with the specific receptor which is present on the surface of host cell. It
gets activated due to host proteases, which is followed by receptor binding which further results
in the formation of prepore oligomric structure. On the other side, Cyt Toxins directly interact with
membrane lipids and get inserted inside the membrane. Cry proteins are precisely toxic for the
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insect orders Lepidoptera, Coleoptere, Hymenoptera, Diptera and even for some of Nematodes. In
against to this Cyt toxins are active against Diptera.

Structure of Cry protein
There are at least 50 subgroups with more than 200 members in cry proteins. The parasporal
inclusion protein produced by Bt which shows lethal effects to the target organism are called as
cryproteins (Crickmore et al.,1998 ).
The members of three domain family of the cry protein, are globular molecules which
consists of three structural domains which are connected to each other by single linkers. The
presence of protoxins of two different lengths is the particular feature of members of this family.
The C-terminal extension present in the protoxins is inessential for toxicity but plays a major role
in formation of crystal inclusion bodies inside the bacteria (de Maagd RA et al.,2001). The
Nterminal domain which is also referred as domain1 constitutes a bundle of seven α-helices in
which helix α 5 is hydrophobic and is located in the middle of six other amphipathic helices. This
helical domain is accountable for insertion inside the host membrane and pore formation . The
domain 2 comprises of three anti- parallel β-sheets with reveals the loop regions and domain
3 also referred as galactose binding domain is a β sandwich (Li et al., 1991; Grochulski P et
al.,1995; Morse RJ et al.,2001; Galitsky N et al.,2001), which further gets proteolytically cleaved
once the protein enters in the midgut region of the target pest (Xu C. et al.,2014). Revealed regions
of domain 2 and domain 3 participate in receptor binding (Bravo A et al.,2005). Domain 1 is
involved in pore formation and penetration. Domain 2 share structural similarities with many
carbohydrate binding routies such as vitelline, lectian etc (de Maagd et al.,2003). Domain 3 has
many structural similarities with other carbohydrate binding proteins like galactose oxidase, βglucoronidase (de Maagd et al.,2003). These structural similarities indicates that carbohydrates
moieties may play an important role in mode of action in three domain cry toxins after analyzing
the phylogenetic relationships of isolated domains of 3 domain cry family disclosed the fact that
domains 1 and 2 are coevolved (Bravo A., 1997; de Maagd et al.,2001).
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Sequence alignment of three domain Cry toxins shows that almost all toxins have 5
conserved blocks (Schinepf E. et al., 1998). The first conserved block is located at central helix of
domain 1, second block is present at the interface of domain 1 and domain 2, fourth block is found
to be at the boundary between domains 2 and, fourth block is present at the central βstrand of
domain 3 and the final and fifth block is located at end of domain 3 (de Maagd R.A. et al., 2001).
A very recent discovery has disclosed the structure of protoxin forms of Cry1Ac
(Evdokimov A.G. et al., 2014), which indicated that the toxin region gets already folded into 3
domain structure. Whereas, outstretched proregion forms a 4 domain structure. The domains 4 and
6 consist of α-helical structure, while domain 5 and 7 are made of β roll topology. Nevertheless, a
mutated version of proCry1Ac was used in the studies, in which 14 of the total of 16 cysteine
residues were eliminated in order to ease the experiment, these cysteine residues present in the
unmutated proCry1Ac indicates that disulphide cross linking is reason behind stability of Bt
crystals (Du C. et al., 1994). Such disulphide bonds are labile under alkaline pH which suggests
the dissolution of Bt toxins inside the midgut of target pests.
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Gene expression and Regulation of Cry genes in Bacillus thuringiensis:
In almost of all strains of Bacillus thuringiensis, the genes are found to be on plasmids that
suggests that cry proteins are not the chromosomal genes in most of strains of Bt(Dean DH, 1984;
Beegle CC et al., 1992; Xu J et al, 2006; Anne-Brit et al.,2009). B. thuringiensis will become
indistinguishable from B. cereus if these plasmids are lost. These plasmids can be exchanged either
experimentally or naturally within Bt and also between Bt and 2 congeners, B.
cereus and B. mycoides (Anne-Brit et al.,2009).
The mechanism of expression of Cry proteins in Bt involves following factors: 1.
Transcriptional regulation, 2. Cry gene copy number, 3.The stability of cry gene m RNA , and 4.
Accumulation and crystallization of Cry proteins (Agaisse H. et al.,1995; Baum J.A et al.,
1995).Many studies reported over last 20 years suggests that expression and regulation of Bt cry
gene is very complex.
1. Transcriptional Regulation: According to transcription regulation of Cry genes, they are divided
into two types as sporulation dependent cry genes which are governed by sporulation precise
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sigma factors SigK and Sig E; and sporulation independent cry genes which are governed by
vegetative SigA factor (Agaisse H. et al., 1995). Transcriptional regulation of cry gene
expression is also contributed by some accessory factors.
a) Sporulation dependent cry Genes:
During the sporulation of Bt cellular components divide asymmetrically into two parts one of
which is the mother cell and the other is the forespore. Transcriptional regulation in Bacillus
subtilis is governed by group of sigma factors of RNA polymerase as: the vegetative sigma
factor SigA and SigH, SigE and SigK in the mother cell and SigF and SigG in the forespore
(Piggot et al., 2004). Similar sigma factors like SigA, SigH, SigE, SigK, SigF and SigG are
found to be located in Bt and perform almost similar roles as that in Bs (Lereclus D. et al.,
2000; Aroson A, 2002; Wang J., 2013)
SigE initiates the transcription at the onset of sporulation which is then proceeded by SigK
(Lereclus D. et al., 2000). Few cry genes which are sporulation dependent like cry1
(PerezGarcia G. et al., 2010), cry8 (Du L. etal., 2012), cry4 (Poncet S. et al., 1997) and cry11
(Poncet et al.,1997) are very weakly expressed at the offset of vegetative growth phase, and
this expression is commenced by vegetative sigma factor SigH.
b) Sporulation independent Cry Genes:
In contrast to sporulation dependent cry gene whcich are controlled by sporulation specific
sigma factors, cry3 genes are transcribed with the help of vegetative SigA promoter (Agaisse
et al., 1995; Malvar T. et al., 1994) the transcription initiation of cry 3 takes place during the
vegetative growth, and gets activated at the offset of exponential phase, which continues for
many hours together (Agaisse et al.,1995). The analysis of transcription LM1212 cry genes
showed that the promoters of these genes get activated at the offset of exponential growth
phase. Further the analysis of expression shows that the LM1212 cry genes are not governed
by sporulation factors SigE or SigK. Hence, it is clear that LM1212 cry genes are sporution
independent.
There are many other factors which play an important role in cry gene expression like the protein
Spo0A (Lereclus D. et al., 1995; Ponect S. et al., 1997), E2 subunit of pyruvate Dehydrogenase
complex (Walter T. et al., 1999) and regulation by 2 negative factors (Yu V, et al., 2008).
2. m RNA Stability:
The half-life of m RNA of Bt cry genes is around 10 min (Glatron M.F. et al., 1972). There
are certain mechanisms which contribute in stability of m RNAs :
a) 3’ Terminal structure:
Inverted repeat sequence are extensively found in 3’ untranslated region numerous cry genes
, which may contribute in stability of cry m RNAs (Agaisse et al., 1995; Wong H.C. et al.,
1986).
b) 5’ m RNA stabilizer:
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A similar sequence to Shine-Dalgarno sequence which is close to 5’ end is responsible for 5’
m RNA stability (Agaisse et al., 1996). This sequence (designated as STAB-SD) interacts with
the 3’end of 16S r RNA. So, binding of a 30S ribosomal subunit to STAB-SD stabilizes the m
RNA by preventing degradation via 5’-3’ exoribonuclease (Agaisse et al., 1996).
3. Metabolic Regulation of Cry proteins
Regulation of cry proteins production may occur due to the products of metabolic pathways
like carbon components and amino acids. There is the involvement of metabolic regulation
mechanisms at both transcriptional and translational levels, as suggested by recent report
(Wang J. et al., 2013), which includes putting a check over the metabolism of proteases and
amino acids, the delivery of carbon and energy sources, the regulation and modification of
metabolic pathways, and regulation of oxidative phosphorylation and energy generation.
The regulation can occur due to (i) Sigma factor 54 which is also called as SigL (Zhu L. et al.,
2010), (ii)Polyphosphate kinase and polyphosphate metabolism (Doruk et al., 2013) and also
(iii) Catabolic repression by glucose (Banerjee-Bhatnagar N. et al., 1998).
4. Crystallization of cry proteins:
Generally the cry proteins of Bt are produced during the stationary phase when most of the
proteolytic enzymes are also synthesized. This indicates that Bt should have some mechanism
to prevent the enzymatic digestion of cry proteins which can occur due to various proteases.
The mass of cry proteins ranges from 130 and 140kDa. The genes encoding these proteins are
usually monocistronic, i.e. most of cry protein genes are present in operons (BarbozaCorona
J.E. et al., 2012).
Crystallization domains present on the C-terminals of the proteins are not at all involved in the
toxicity buy has an active role in the formation of crystal. Other small proteins which are not
actually involved in the toxicity but enhance the crystallization or massive accumulation of cry
proteins are encoded by the genes in the same operon (Agaisse et al., 1995; Barbozacorona
J.E. et al.,2012). Example of such proteins include the 19kDa P19 and 20kDa P20 which are
encoded by p19 and p20 genes in cry11Aa operon (Dervyn E. et al., 1995).
Mode of action of cry proteins
It is broadly agreed that cry proteins act by lysing the midgut epithelial cells in the target
insect via forming pores in the apical microvilli membranes of the cells (Aronson and Shai, 2001;
de Maagd et al., 2005). Although, Zhang et al., in 2006 proposed that toxicity can also be due to
G-protein mediated apoptosis which follows receptor binding. After the susceptible larvae ingests
the cry proteins the crystal inclusions get dissolved in the midgut of the target pest due to alkaline
pH cry proteins of 60-70 kDa are released from crystal inclusions into the membrane which finally
results in ion leakage and cell lysis (Bravo et al., 2005). A fragment of peptide from N-terminal of
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around 25-30 amino acids in cry1 toxins, 58 amino acids in cry3A and 49 amino acids in cry2Aa
toxin, and around half of the remaining peptide chain from C-terminal is cleaved proteolytically
during toxin activation. The activated toxins then bind to their respective receptors present on the
brush border membrane of midgut epithelium columnar cells (de Maagd et al., 2001; Bravo et al.,
2005). After binding to the receptor, further the toxin then penetrates inside the cells via formation
of pores in apical membranes (Aronson and Shai, 2001; Bravo et al., 2005), which in due course
causes the cell disruption of midgut epithelium which then results in release of cell components
and insect death (de Maagd et al., 2001; Bravo et al., 2005).

The very first step in mechanism

of cry proteins is receptor identification by the cry toxins. Receptors consist of Cadherin-like
proteins (CAD), aminopeptidase N (APN), and alkaline phosphatase (ALP) (Soberon et al., 2009;
Pigott and Ellar, 2007).

APN and ALP are the receptors with which the very first binding of activated cry1A toxin
takes place. This interaction is quite weaker. The toxin cry1A interacts with APN receptor via its
exposed loop 3 of second domain and its interaction with ALP occurs via β-strand 16 of domain 3
(Masson et al., 1995; Pacheco et al., 2009; Arenas et al., 2010). ALP and APN proteins are
anchored to membrane via glycosyl phosphatidylinositol anchor (Upadhyay and Singh, 2011).
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After binding to ALP and APN with lower affinity in microvilli membrane og midgut cells the
toxins then bind to CAD receptor with higher affinity. (Vadlamudi et al., 1995; Gomez et al., 2006;
Pacheco et al., 2009; Arenas et al., 2010). The later one is a complex interaction. CAD has 3
epitopes in its extacellular region namely CR7, CR11, and CR12 which interact with exposed
loops 2, 3 and α-8 of second domain of the toxin, which further promotes the cleavage of α-1 of
domain 1 at N-terninal (Gomez et al., 2002; Atsumi et al., 2008). After activation of protoxins in
presence of cadherin the oligomeric prepore structure can be produced (Pacheco et al., 2009).
Further the oligomeric structure was purified using size exclusion chromatography , which
exposed that the oligomeric structure can make pores in lipid bilayers (Rausell et al., 2004). The
oligomeric cry structure increases its affinity to ALP and APN receptors, further the APN and ALP
binding induces the insertion of cry toxin inside the membrane, which finally results in pore
formation and cell lysis takes place (Pardo-Lpez et al., 2006; Arenas et al., 2010).
Zhang et al in, 2006 proposed another model mode of action of cry toxin. This model
suggests that when cry toxin binds to cadherin, the binding triggers an intracellular pathway which
follows activation of G protein with consequential activation of adenylyl cyclase, resulting in raise
of c-AMP levels and activation of a protein kinase A, which in order leads to cell death.
This model doesn’t involves oligomer formation or other receptors except cadherin protein.
Nevertheless, Cry1AMod toxins which did not have the N-terminal end and helix α-1 skipped
interaction with cadherin and killed the target pests, suggesting that, binding to cadherin is not
sufficient to induce toxicity in midgut cells of target pests (Soberon et al., 2007).
The next essential step in mode of action of cry proteins is oligomerization of 3D-cry toxins
and pore formation. The size of the pores formed due to cry proteins is around 2.3nm in alkaline
pH (Carroll and Ellar, 1997).
Genes of cry protein were subjected to mutation, specifically helices α-3 or α-4 of domain
1, which resulted in loss of toxity to M. sexta (Vachon et al., 2002, 2004; Jimenez-Juarez et al.,
2007; Girard et al., 2008; Rodriguez-Almazan et al., 2009). These mutants exhibit altered
oligomerization and membrane protein insertion, which severely affects pore formation. But,
these mutants don’t affect binding interactions with membrane proteins and bind in the similar
fashion as the wild type toxins, which indicates that only binding of toxin to the membrane proteins
is not sufficient to kill the larvae even oligomerization of cry protein and pore formation are also
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important steps for toxicity (Jimenez-Juarez et al., 2007; Girard et al., 2008; RodriguezAlmanzan
et al., 2009). Some experiments were carried out which suggests that the principle role of CAD
toxin binding is to induce the removal of helix α-1, promoting the formation of toxin oligomer
(Soberon et al., 2007; Munoz-Garay et al., 2009).
It is the oligomeric structure of 3d cry proteins which permits the cry protein to interact
with membrane lipid bilayer and forms stable pores; whereas, the toxin monomer has a very
marginal interaction with the liposomes which induces multiple subconducting states, and exhibits
unstable traces with current jumps of intermediate levels (Schwartz et al., 1993; Rausell et al.,
2004).
The widely approved model of cry toxin insertion in the membrane suggests that helices α4 and α-5 forms a hairpin like structure which gets inserted into the phospholipid bilayer and the
rest of the amphipathatic helices of domain 1 are at the membrane surface in an umbrella like
conformation (Schwartz et al., 1997; Kumar and Aronson, 1999; Girard et al., 2008,2009).
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Like all the other pore forming toxins produced by different bacteria e.g. anthrax toxin, aerolysin,
alpha-hemolysin and many more, only a small part of protein is involved in the membrane insertion
whereas, the rest of protein part remains outside the cell (Parker anf Feil, 2005), Cry toxins also
does the same during pore formation.
Various cry proteins with their specific hosts:

Plant

Gene

Target insect

Tobacco

Cry1A(a)

Manduca sexta(L)

Cry1A(b)

Manduca sexta(L)

Cry 1A(b)& cry1A(c)

Manduca sexta(L)

Cry1A(b)

Manduca sexta(L)

Cry1C

Spodoptera littoralis(L)

Cry1C

H. virescens, S. exigua(L)

Tomato

Cry1A(b)

Heliosthis virescens(L)

Cotton

Cry1A(b)&(c)

H. virescens(L)

Potato

Cry1A(b)

Phthorimaea operculella(L)

Cry1A(b)

Leptinotarsa
decemlinneata(C)

Cry3A

Leptinotarsa
decemlinneata(C)

Alfalfa

Cry1A(c)

Spodoptera littoralis(L)

Canola

Cry1A(b)

Plutella xylostella(L)

(Chloroplast)

S. exigua(L)
Soyabean

Cry1A(C)

H. virescens(L)
Pseudoplusia includes(L)

Maize

Cry1A(b)

Ostrinia nubilabis(L)

Rice

Cry1A(c)

Chilo suppressalis (L)
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Chickpea

Cry1A(b)

Pod borer

Sugarcane

Cry1A(b)

Shoot borer

Poplar

Cry3A

Chrysomela tremulae (C)

Brinjal

Cry1Ac

Leucinodes orbonalis

Different Bacillus strain producing different Cry toxins
Bacillus Strains
1)

B.
thuringiensis

Examples of pest orders
var. Lepidoptera
var.
var.

Cry genes
Cry1Aa, Cry1Ab, Cry1Ac and
Cry2Aa
Cry1Ac

kurstaki(Btk) HD1 2)
B.

Cry1Aa, Cry1Ba, Cry1Ca&

thuringiensis

Cry1Da

kurstaki (Btk) HD73
3)

B.
thuringiensis
aizawai HD137
B. thuringiensis var. sandiego Coleoptera
and B. thuringiensis var.
tenebrioni
Bti

Lepidoptera and coleoptera

Cry3Aa, Cry3Bb1, mCry3A,
Cry34/35Ab1

Cry4A, Cry4B AND Cry11A

Safety Use of Bt Microbial Products in Agricuture:
Cry proteins are highly selective insecticides because of the fact that all the cry proteins they
require to interact with the specific receptors, in order tp demonstrate their toxic reactions. The
epithelial surface of Gastrointestinal tract doesn’t possesses those specific receptors in non target
insects and mammals including humans (Sacchi et al., 1986; Wolfersberger M. g. et al., 1986;
Hofmann et al., 1998; Van Rie et al., 1989, 1990; Noteborn et al., 1996; Lambert et al., 1996;
Mendelsohn et al., 2003; Griffitts et al., 2005, Shimada et al., 2006; OCED, 2007; Vanchon et al.,
2012). And due to this reason they don’t have toxic effects on mammals.
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Bt microbial pesticides are used to keep a check on insect pests on organically raised vegetables
and also on mosquito larvae in drinking water (WHO/IPCS, 1999; Bravo et al., 2007; Federici and
Siegel, 2008; Frederiksen et al., 2006). As stated by Federici and Siegel in 2008, Vegetables which
can be eaten raw like broccoli, tomatoes, cauliflower, and lettuce teated with Bt had no apparent
adverse effects on human health, when Bt spores at the dose of 100mg/day ,are orally ingested
(Siegel, 2001). Also WHO stated in 1999 that “Bt has not been reported to cause adverse effects
on human health when it is present in drinking water or in food.”
Use of Bt Cry proteins In GM crops:
Nevertheless Bt microbial preparations are found to be safe and effective, they become unstable
in UV light, or can get washed of due to rains after some days of application (Federici B.A et al,
2008). Due to these limitations scientists tried to introduce the genes encoding Cry proteins in the
interested plant through Genetic engineering. Advantage of GM crops over Bt microbial
formulations is that, GM crops produce very specific Cry proteins which decreases the spectrum
of activity (Hammond and Koch, 2012).
Bt crops like corn and cotton are commercially approved. Bt soybean varieties which express the
Cry1Ac gene and Cry1Ac plus Cry1F has approved for commercial use in Latin America to control
the pest of lepidopteran order (CNTbio, 2010; EPA, 2010), Bt rice varieties with cry1Ab and
Cry1Ac genes has been already developed in China but its approval was expired in 2014, similarly
bt brinjal was created by introducing a gene of crystal protein cry1Ac into the genome of brinjal,
which provides the resistance against Lepidopteran insects particularly, Leucinodes orbonalis
(Brinjal fruit and shoot borer). Mahyco, an Idian based seed company located in Jalna,
Maharashtra, has developed Bt brinjal (Medakker et al., 2017).
But the critics have raised safety issues regarding the introduction of cry genes in the plant genome.
According to them, modified versions of plants are not natural and hence prolonged animal testing
should be done before approving Bt plants for the use of humans (Seralini et al.,2011) .
Nanobiopesticides:
1. Nanoparticles:
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The particles whose size range in between 1 and 100 nm in diameter are usually called as
nanoparticles (Vert M et al., 2012). These particles are subjected to Brownian motion, they usually
don’t sediment like colloidal particles. The production of nanoparticles with specific properties is
referred as nanotechnology. It’s properties like large surface area to volume ratio, interfacial layer,
solvent affinity, diffusion across the surface, melting point depression, packing efficiencies etc
differtiates itself with other bulk or even micrometer sized particles (Buzea et al., 2007; Valenti G
et al., 2016).
2. Classification of nanoparticles:
(a) On the basis of materials:
(i)

Carbon based nanomaterials

(ii)

Inorganic based nanomaterials

(iii)

Organic based nanomaterial (iv)

Composite-based nanomaterials (b) On the

basis of dimensions:
In 2007, Pokropivny and Skorokhod classified Nps on the basis of dimensions like 0D, 1D,
2D, 3D NMs. This classification is dependent on electron movement along the dimentions in
the Nps.
(c) On the basis of origin:
Nanoparticles can be derived either naturally through biological species or through
anthropogenic activities(Hochella M F et al., 2015); or synthetically by using mechanical
grinding, engine exhaust and smoke, chemical or biological method.
3. Synthesis of Silver nanoparticles:
Generally, there are 2 methods used for preparation of nanoparticles, those are bottomup,
which involves building of material form bottom like atom by atom, molecule by molecule and
cluster by cluster; and top-down method involves slicing the bulk material to get nano-sized
particle (Husen A, Siddiqi KS, 2014). The bottom-up choice is most preferred one for
nanoparticles preparation which involes the homogeneous system where catalysts synthesize
nanostructure. Whereas in top-down method of synthesis mechanical grinding, etching,
cutting, sputtering etc. is done. The drawback of this approach is it may create surface
structural defects.
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There are many methods available for synthesis of silver nanoparticles namely, chemical
(Zhang Q et al., 2011, Roldan MV et al., 2013, Sotiriou GA, Pratsinis SE, 2010,
Sotiriou GA et al., 2011), physical methods (Abou El- Nour KMM et al., 2010, Tien DC, et
al., 2008,Asanithi P et al., 2012) and biological method (Husen A, Siddiqi KS., 2014, Siddiqi
KS, Husen A, 2016). Chemical methods are further divided into chemical reduction,
irradiation-assisted chemical pyrolysis method and electrochemical method (Zhang W et al.,
2007). Ag NPs synthesis in solution requires metal precursor, reducing agents like ascorbic
acid and alcohol and stabilizing or capping agent.
Methods like Arc-discharge (Tien DC et al., 2008), physical vapor condensation (Abou
El-Nour KMM et al., 2010), energy ball milling (Wright R et al., 2011), and direct current
magnetron sputtering (Asanithi P et al., 2012 ) are involved in physical approach of synthesis
of silver nanoparticles. But both of the methods of synthesis are very costly.
Hence, an alternative for physical and chemical approach of synthesis of nanoparticles
is biological approach. This approach is simple, cost effective and ecofriendly (Husen A,
Siddiqi KS, 22014, Husen A, Siddiqi KS, 2016). Utilization of bacteria, fungi, yeast, plant and
algal extracts for preparation of metal and metal oxide nanoparticles has gained popularity in
recent years (Husen A, Siddiqi KS, 2014, Siddiqi KS, Husen A., 2016, Siddiqi KS, Husen A,
2017, Siddiqi KS, Husen A, 2016). Certain enzymes, proteins, and biosurfactants present in
the microorganisms may serve as reducing agents where as in plants, several types of
secondary metabolites and certain biomolecules reduce the metal salts to prepare nanoparticles.
Over the last few years, the bacterial utilization in biosynthesis of Ag NPs is understood
(Shahverdi AR et al., 2007, Liu C et al., 2012, Gopinathan P et al., 2013, Hosseini-Abari A et
al., 2013, Morsy FM et al., 2014). Many bacterial strains like A. calcoaceticus, B.
amyloliquefaciens, B. flexus, B. megaterium and S. aureus are used for intra as well as extra
cellular biosynthesis of Ag NPs (Nanda A et al., 2007, Reddy AS et al., 2101, Shivaji S et al.,
2011, Wei X et al., 2012, Saravanam M et al 2011, Priyadarshini S et al., 2013, Das VL et al
2014). In extracellular synthesis of Ag NPs trapping of metal ions in the outer surface of the
cell takes place. Further they are reduced by enzymes or biomolecules produced by the
bacteria. In contrast, intracellular synthesis occurs inside the bacterial cell. Extracellular
synthesis is more preferable because it involves simpler downstream processing, thus making
it cost-effective than intracellular synthesis (Duran N et al., 2005, Ganesh Babu MM et al.,
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2009, Kalimuthu K et al., 2008). Ag NPs synthesized by these bacteria may be in the shape of
sphere, disk, cuboid, hexagon, triangle. Extracellular biosynthesis of Ag NPs using cutulure
supernatant of B. subtilis was demonstrated by Saifuddin et al ., 2009. Rapid biosynthesis of
Ag NPs using culture supernatents of K. pneumonia, E. coli, and Enterobacter cloacae was
reported by Shahverdi et al., 2007. Extracellular biosynthesis of Ag NPs using Bacillus strain
(CS11) was reported by Das et al., 2014 .
BACTERIA

SIZE

LOCATION

REFERENCES

Acinetobacter
calcoaceticus

8-12nm

extracellular

Singh et al., 2013

Enterobacter
aerogenes

25-35nm

extracellular

Karthik and Radha.,

E. coli

42.2-89.6nm

2012
extracellular

Gurunathan

et

al.,

Babu

and

2009
B. cereus

4-5nm

intracellular

Ganesh

Gunasekaran, 2009
B. flexus

12-65nm

extracellular

Priyadarshini et al.,
2013

B. thuringiensis

43.52-142.97

extracellular

Banu et al., 2014

Lactobacillus
mindensis

2-20nm

extracellular

Dhoondia

Brevibacterium casei

10-50nm

and

Chakraborty, 2012
intracellular

Kalishwaralal et al.,
2010

4. Nanobiotechnology and its various applications:
Nanobiotechnology is a very recently introduced subject which include convergence of
nanotechnology and biotechnology. Biotechnology only deals with metabolic and other
physiological processes of biological subjects including microorganisms but when combined
with nanotechnology, nanobiotechnology will play vital roles in medicine, cosmetics,
agriculture and the list continues. In medicine, nanobiotechnology has vast applications
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ranging from diagnosis of various diseases (D.J. Niedzwiecki et al., 2013, J. Aaron et al., 2007,
W.H. Suh et al., 2009), Gene therapy(C. Cunha et al., 2011, Y. Hanakawa et al., 2005,
U.B. Kompella et al.,2013), drug delivery (R. Vasita et al., 2006, E. Saiz et al., 2013, C. Cunha
et al., 2011 ,T. Amna et al., 2012, H. Oi et al., 2006), tissue engineering(A. Atala et al., 2005),
pathogen detection (N. Gilmartin, 2012).
Nanobiotechnology also finds its application in field of agriculture as nanobiofertilizers
and nanobiopesticides. Earlier, biofertilizers were developed, in which beneficial
microorganisms which convert organic matter into the nutritive compounds and at the same
time maintain soil fertility were used (Khot et al., 2012). But this approach has various
drawbacks

like short life span of the product, lack of suitable carrier materials, high

temperature and desiccation sensitivity(Khot et al., 2012). So in order to overcome these
limitations , scientists have developed Nanobiofertilizers (Khot et al., 2012) for e.g. gold
nanoparticles and rhizobacteria can interact together to form nanobiofertilizers (Shukla et al.,
2015). Another application of nanobiotechnology in the field of agriculture is Nanosensor,
these can detect insects, pathogens and weeds and also provide time to time information about
requirement of fertilizers, pesticides, and herbicides (Scot and Chen, 2003).
Ag NPs as biopesticides:
The biologically derived chemical complexes with nanoparticles, which are
supposed to be used as pesticides are referred to as nano-biopesticides. By using polymers,
metal oxides, activeparticles combined with micelles, etc, the efficiency and effectiveness
of nanobiopesticides can be increased. The good nanobiopesticides such have characteristic
properties like solubility of poorly soluble active ingredients, targetoriented slow release
of active ingredients, and active ingredients that shouldn’t degrade prematurely (Ragaei
and Sabry, 2014). Furthermore, nanomaterials are used as carrier for delivery of the actual
pesticides. Many nanomaterials also impart aid to conventional pesticidal active
ingredients, for the preparations of nanostuctured pesticide formulations via adsorption,
ligand-mediated attachment, entrapment and encapsulation (Ghormade et al., 2010). The
advantage of nanobiopestides over conventional biopesticides is that the nanoformulations
increase the stability, protect form degradation and enable controlled release of active
ingradients (Chaudhary et al., 2017, Swamy and Asokan, 2013). Controlled release of the
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nanobiopesticide is possible due to entrapping the bioagent with a specific biomolecule like
proteins or carbohydrates which binds the active compound complex to nanoparticles. This
helps the NPs to show their prolonged pesticidal activity (Ragaei and Sabry, 2014).
The Ag NPs of 35 and 60 nm size exhibited efficacy against C. quinquefasciatus, and
Anopheles subpictus respectively (Rajakumar and Rahuman, 2011). Ag NPs synthesized using leaf
extracts of Peepal tree and Banyan tree, reported to change the function of gut protease activity in
H. armigera (Kantrao et al., 2017). Ag NPs synthesized by using O. sanctum under specific
conditions were successfully able to control the insect pests like Helicoverpa armigera. Ag NPs
biosynthesized using Bacillus thuringiensis, reported the larvicidal activity against A. aegypti (A.
Najitha Banu et al., 2013). Similarly, Atef M. M. Sayed et al, in 2017 synthesized Ag NPs using
Bacillus thuringiensis and reported its larvicidal activity against T. ni and A. ipsilon. Above
mentioned are some examples of biocidal activity of silver nanoparticles which are biosynthesized.
In connection with above issues, the present investigation aims to study the efficiency of
Bt-Ag NPs against brinjal pest called Leucinodes orbonalis (fruit and shoot borer).

Aims and Objectives Aim: To synthesize the silver nanoparticles
using entomopathogenic bacteria Bacillus thuringiensis kurstaki.
Objectives:
•
•

Collection of Bacillus thuringiensis kurstaki
Culture cultivation of Bacillus thuringiensis kurstaki until spores are developed
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•
•

Synthesis of AgNPs using Bacillus thuringiensis kurstaki
Characterization of silver nanoparticles by using UV visible spectroscopy
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Materials and Methodology

Materials and Methodology:
1.

Culture cultivation of Bacillus thuringiensis kurstaki :
The bacterial strain used in this study was an isolate of B. thuringiensis kurstaki (Btk) which

was recovered from National Chemical Laboratory (NCL), Pune. The selected strain is known to
be highly active against many pests of crop plant. Further this strain was streak inoculated on
sterilized tryptone glucose yeast agar media (TGY) plates, which is a general purpose nutrient
media comprised of Bacto tryptone 5.0g, yeast extract 5g, glucose 1.0g, potassium phosphate 1.0g
and Bacto agar 20g in 1L water (Nakamura, 1994). Bacterial culture plates were incubated in dark
at 300C for 48 h. These plates called as master plates are the stock cultures which were further
used for synthesis of Bt Ag-NPs.
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2.

Sample Preparation:
Bacteria from isolated colonies on master agar plates were transferred and inoculated by

using a fine sterile loop in 125mL shaker flasks containing 25mL of TGY broth media to initiate
pre-culture. This and all subsequent media were sterilized at 121 0C for 20min. The pre-culture
was incubated at 300C in a rotary shaker incubator at 250 rpm for 3 days. Then after 3 days the
pre-culture was heat-treated at 800C for 10 min in water bath in order to kill vegetative cells of
Bt, so as to initiate the production of spores.
The final production culture consisting of five 1L flasks each containing 200mL of TYG
media broth were inoculated with the pre-culture and incubated in a rotary shaker incubator for
at 300C and 250 rpm for 3 days. The samples from this culture were periodically checked
microscopically to monitor for sporulation and presence of parasporal bodies.
The biomass was harvested after centrifugation at 5000 rpm, 100C for 15 min to separate
supernatant from the pellet. Supernatant and pellet both were retained for nanoparticle production.
The pellet was washed twice in 0.5M NaCl and rinsed in sterile deionised water and centrifuged.
The cleaned pellet was weighed and re-suspended in 100mL of sterile deionised water and stored
at -200C until used. Further, obtained pellet and supernatant were used as starting materials for
the biosynthesis of silver nanoparticles.
3.

Synthesis of silver nanoparticles (AgNPs):
Aqueous solution of silver nitrate (1 mM AgNO3) was prepared and used for the synthesis

of silver nanoparticles. 1mL of each Supernatant and pellet of fresh Bt cultures were added to
250mL flasks (2 flasks each containing 99mL of aqueous solution of 1mM AgNO 3) for reduction
and kept at room temperature for 5 h. After incubation the silver nanoparticles obtained, were
purified by centrifugation at 10000Xg for 10 min, then are freeze dried. The obtained AgNPs
were weighed and stored at 40C. Sterilized and deionised water or Milli-Q water was used to
suspend the Bt AgNP powder for characterization.
4.

Characterization of AgNPs:
According to visual observation, color change from no color to yellowish brown was

observed in flasks containing both supernatant and pellet of Btk along with AgNO3 solution.
Which indicates that the reduction of Ag+ ions is not just a thermal process but a bioreduction
process also. The supernatant and pellet derived AgNPs were labeled as Btk-AgNPs(s) and
BtkAgNPs(p), respectively.
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Further, the nanoparticles were characterized by UV-Visible spectroscopy. Very small
amount of AgNP sample was diluted in distilled water. This sample was further subjected to
spectral analysis. Ag reduction was monitored by observing UV-Visible spectrum between the
range of 300nm – 600nm.

Result and Discussion
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Results and Discussion:
The present investigation describes the synthesis of AgNPs by using Bacillus thuringiensis.
In both the experiments, adding supernatant or pellet to their respective flasks containing
aqueous solution of AgNO3 led to change in the color of solution from colorless to yellowish
brown during the period of incubation, which indicates the formation of Btk AgNPs (s) and Btk
AgNPs (p).
Silver nanoparticles were characterized by UV-Visible spectrophotometry. The
measurement of UV-Visible spectra for silver nanoparticles was performed in the range of 300800 nm. AgNPs have free electrons, which give rise to a surface Plasmon resonance absorption
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band, due to the combination vibration of electrons of metal nanoparticles in resonance with light
waves. A surface Plasmon resource spectrum of AgNPs was obtained at 420 nm.
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This investigation exhibits the biosynthesis of nanoparticles with the entomopathogenic bacterium,
B. thuringiensis kurstaki. Reduction of Ag ions was observed by us when AgNO3 was exposed to
supernatant or pellet of Bt. Silver particles exhibited dark yellowish-brown color in aqueous
suspensions, and this color difference confirmed the formation of silver nanoparticles (Marimuthu
et al., 2103; Noginov et al., 2006; Pourmortazavi et al., 2105). Thus both the fermentation product
i.e. pellets and the waste product i.e. supernatant has the ability to produce the silver nanoparticles
(Sayed et al., 2017).
Metallic Nanoparticles have many free electrons. According to Mulvaney in 1996, these
free electrons are responsible Surface Plasmon resonance (SPR) band of the metal nanoparticles
via resonance with light waves. As mentioned in above details Bt Ag NPs show the absorption at
400-500 nm, which corresponds to brownish yellow color in visible spectra. This pattern was also
recorded by Pourmortazavi et al in 2015 in literature for the silver nanoparticles.
The present investigation insists on the use of entomopathogenic bacterium for the
synthesis of AgNPs which has potent biological effects. There are many studies which have
already reported that AgNPs posses antimicrobial properties. Several studies have also reported
the synthesis of AgNPs by treating AgNO3 solution which culture supernatant of various bacterial
species like Bacillus subtilis (Saifuddin et al., 2009), Bacillus licheniformis (Kalimuthu et al.,
2008), Bacillus thuringiensis (Sayed et al., 2017; Banu et al., 2014; Marimuthu et al., 2013),
Bacillus cerus (Ganesh babu & Gunasekaran, 2009), Lactobacillus casei (Korbekandi et al.,
2012) and Staphylococcus aureus (Nanda & Saravanan, 2009). But there are very few studies on
synthesis of AgNPs using pellet of bacterial species (Jain et al., 2010; Sayed et al., 2017).
The mechanism responsible for intracellular or extracellular synthesis of AgNPs using Bt
is not yet known. Duran et al (2005), believe that enzymes like nitrate reductase secreted by
microbes helps in bioreduction of metal ions to nanoparticles. Whereas, Banu et al (2014),
suggests that extracellular cry proteins synthesized by Bt may be responsible for bioreduction of
Ag+ ions into silver. Sinha et al (2015), suggest that silver resistant genes, c-type cytochromes,
peptides, cellular enzymes and reducing cofactors may play an important role AgNP synthesis in
bacteria.
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Conclusion
To summarize, in this report this project demonstrates the green synthesis of AgNPs using
bacteria Bacillus thuringiensis. We observed the color change in the reaction mixture containing
AgNO3 and pellet or supernatant of Bt, which indicates the synthesis of silver nanoparticles. A
surface Plasmon resource spectrum of AgNPs, synthesized using Bacillus thuringiensis was
obtained at 420 nm, which confirms the presence of AgNPs in the reaction mixture containing
supernatant as well as the reaction mixture containing pellet. These Bt synthesized silver
nanoparticles can be used to control the pests of agriculture, and could contribute for enhancement
of agricultural productivity. Bacterial mediated synthesis of AgNPs doesn’t involve the usage of
toxic, hazardous and expensive chemicals. Moreover, using nanobiopesticides has added
advantage as they are sustainable, simple, rapid,veconomical, and ecofriendly.
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➢ Introduction:-

Nature offered various gifts to the humans for betterment of mankind. Among them
plants are most valuable gifts from nature. Plants are just like the ‘unique treasure’ hidden
with a lot of active components that are essential for the process of developing new medicine.
Medicinal plants not only considered as an easily available but also pocket friendly source &
in times it comes in handy Trees as life saver as they are also able to synthesize diverse active
compounds which are effective in controlling & treating many common diseases. These
active compounds are known as secondary metabolites, namely as phenols, tannins, alkaloids,
flavonoids, glycosides, saponins & carbohydrates [5].
Medicinal uses of plants range from extraction & decoction of various parts of plants
such as, leaf, bark, root, flower, seeds & stem portion of the plant. Carica papaya is one of
the medicinal plants that contributed as a remedy against a variety of commonly known
diseases. Papaya, papaw or pawpaw belongs to the Caricaceae family & is scientifically
known as Carica papaya. Carica papaya is a tropical fruit which is one of the major fruit
crops cultivated in tropical & sub-tropical zones due to its tasty & juicy flesh, another reason
for increment in dem& is, high medicinal & nutritive values possessed by papaya fruit [5].
Carica papaya contains many biologically active compounds, among them, two
important compounds chymopapain & papain which are quite effective for treatment of
digestive disorder & disturbance of the gastrointestinal tract, papaya derived papain, caricain,
chymopapain & glycine endopeptids can survive acidic pH conditions & pepsin degradation
[3]. However, at low pH a conformational transition that instantaneously converts their native
forms into molten globuces that are very unstable & intantly degrade by pepsin thus, they
may need to be protected against both acid denaturation & proteolysis for them to be
effective in the gut after oral intake for the effection action against the gastrointestinal
nematodes.[7]
A part from papain & chymopapain, carica papain contains many biologically
active compounds. Carica papain lipase or caplahydroloses which is tightly bound to waterSmt. Kasturbai Walch& College, Sangli.
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insoluble fraction of crude papain & is thus considered as a “naturally immobilized”
biocatalyst [3]. The papaya oil seed possess saturated fatty acid (plasmatic satiric &
arachnidan) & unsaturated fatty acid oleic, linoleum, & the seed yields 660-760 carpasemine.
The 106 volatile components were identified in papaya [1]. Fermentation with brew’s yeast &
distillation yielded alcohol (ethanol), which is externally applied to burns & scalds. The
allergies papaya fruit & latex papain were reported [10]. The extract from seed showed
effective anti-microbial activity against Staphylococcus aurous, Bacillus cereus, Escherichia
coli & Pseudomonas shigella [2]. Papaya seed have anthelmintic & anti-amoebic activities, &
the dried leaf infusion is taken for stomach trouble & the extracts of papaya seed could be
used as contraceptive in rat, the fruits are ingested or applied on the uterus to cause abortion
[9].
Papaya latex is very much useful for curing dyspepsia & is externally applied to burns
& scalds. Report also showed that phytochemical screening indicated the presence of
alkaloid, cardiac glycosides anthroquinones, saponins, turning, flavorins & carbohydrates [7].
It was discovered that Carica papaya is a natural product & belong to caricacease
group. The origin of Carica papaya is believed to be native to southern Mexico &
neighbouring Central America.Today it is cultivated throughout the world in tropical &
subtropical regions mainly in Australia, Hawai, India, Sri Lanka, The Philippines, South
Africa & Nigeria [8]. The tree itself grows upto 8 meters(26feets). The plant is crowned by
deeply lobed leaves, sometimes 60
cm (2 feet) across, borne on hollow
petioles (leaf stalks) 60 cm long.
Normally, the species
is dioecious, male & female
flowers being produced on separate
plants, but hermaphroditic forms
are known, & numerous
irregularities in the distribution of
the sexes are common. Male flowers are borne in clusters on stalks 90 cm long; the flowers
are funnel-shaped, about 2.5 mm (0.1 inch) long, & whitish, with 10 stamens in the throat.
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The female flowers are considerably larger, on very short stalks, & often solitary in the
leaf axils; they have five fleshy petals that are united toward the base & a large cylindrical or
globose superior ovary that is crowned by five fan-shaped sessile stigmas.

•

Important Medicinal Uses of Carica papaya [5] :-

Medicinal uses of Carica papaya plant mentioned in traditional Ayurvedic literature are as
followso Ripe fruits -Riped fruits of papaya are effective Carminative, diuretic drugs.
-They are also effective against chronic diarrhea, dysentery & ringworms.

o Raw fruits -Raw fruits of papaya has antibacterial & diuretic
activity.
-It is helpful for the patients suffering from
constipation a it has laxative activity.
-Upto some extent it acts as abortitifaciant.

Smt. Kasturbai Walch& College, Sangli.
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o Leaves -It has potential to cure asthma, beriberi,
fever & gonorrhea.
-It also shows antibacterial activity.

o Roots -It has antifungal properties.
-It is also capable of curing piles.
-It shows diuretic properties.

o Flower -It has capablitity of relieving intensity
of heavy fever.
-It can cure jaundice.

o Stem bark -It is capable of curing jaundice & sore teeth.
-It also shows antifungal activities.

Smt. Kasturbai Walch& College, Sangli.
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o Seeds -It is helpful in treatment of ringworm &
psoriasis.
-It has carminative properties.
-It also helps to relive pain & discomfirt.

Recently, the Carica papaya has been studied further for its uses & identified the
presence of any medicinal values & nutrients. The seeds are used for many purposes, for
example the seeds are processed & grounded to substitute black pepper. Even though the
papaya seeds are unpalatable due to its peppery &
spicy taste, it is however, having potent activity
compared to the flesh of Carica papaya. Other than
consumption purposes, the papaya seeds can be used
as an antibacterial agent as it is effective against many
microorganisms, such as E. coli, S. typhi & S. aureus.
Some studies showed significant anti-helminthic &
anti-amoebic properties [5].
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•

Taxonomy [5] :-

Kingdom : Plantae

Subkingdom : Tracheobionta (Vascular Plants)

Superdivision : Spermatophyata (Seed Plants)

Division : Magnoliophyta (Flowering Plants)

Class : Magnoliopsida (Dicotyledons)

Subclass : Dilleniidae

Order : Violales

Family : Caricaceae (Papaya Family)

Genus : Carica

Species : papaya
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➢ Review of literature :-

Medical uses of plants range from extraction & decoction of leaf, bark, root, flower,
seeds & stem portion of the plant. Carica papaya is one of the medicinal plants that contributed
as a remedy against a variety of diseases. It is tropical fruit & the increment in its dem& is
because of the high medicinal & nutritive value possessed by papaya fruit. Not only a fruit but
every single part of it posses certain medicinal properties [5].
Carica papaya contains many biologically active compound, two important
compounds chymopapain & papain which are widely useful for digestive disorder &
disturbance of the gastrointestinal tract [3]. papaya derived papain, caricain, chymopapain &
glycine endopeptids contains many biologically actives compounds. Carica papain lipase or
caplahydroloses which is tightly bound to water insoluble fraction of crude papain & is thus
considered as a “naturally immobilized” biocatalyst [3].
The papaya oil seed contains saturated fatty acid (plasmatic satiric & arachnidan) &
unsaturated fatty acid oleic, linoleum, & the seed yields 660-760 carpasemine. The 106 volatile
components were identified in papaya [1]. The extracts of papaya seed could be used as
contraceptive in rat [6]. Reports also showed that phytochemical screening indicated the
presence of alkaloid, cardiac glycosides anthroquinones, saponins, turning, flavorins &
carbohydrates [7]. Papaya seed have anthelmintic & anti-amoebic activities. Carica papaya
has been studied further for its uses & identified the presence of any medicinal values due to
some active compounds are known as secondary metabolites, such as phenols, tannins,
alkaloids, flavonoids, glycosides, saponins & carbohydrates [5].
A seed decoction is beneficial to cure liver & renal disorders. The seeds contained a
fixed oil composed of myristic, palmitic, stearic, arachidic, behenic & unsaturated fatty acids,
phospholipids, carpaine, benzyl isothiocyanate, benzyl glucosinolate, glucopaeolin,
hentriaontane, b-sitosterol, caricin (sinigrin) & myosine. The papaya seed extracts showed
antifertility effect, inhibited jejunal contraction & suppressed cauda epididymal sperm
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motility. The present paper describes isolation & characterization of phytoconstituents &
antifertility of papaya seed [5].
In the present study, the Carica papaya Seeds (CPS) were extracted by using 95% ethanol
with Soxhlet extraction method. After the plant extract was subjected for the sterility test &
results showed no growth of bacteria, the plant extract was examined for the phytochemical
screening as follows:

•

For determination of presence of Alkaloids, mayer’s reagent (Potassium Iodide - KI) is
used. Appearance of white creamy precipitate indicates the presence of alkaloid [7].

•

For determination of presence of Tannins, aqueous solution of seed extract is treated
with FeCl3

solution. The appearance of intense green, purple, blue or blank color

indicated the presence of tannin [7].
•

For determination of presence of Saponins, aqueous solution of seed extract is warmed
& persistent foam indicated the presence of saponin [7]

•

For determination of presence of Anthraquinone, the benzene extract is treated with 10%
ammonia solution & shaken. Rose pink coloration suggested the positive response for
anthraquinones [7].

•

For determination of presence of Cardiac Glycosides, aqueous solution of seed extract
is heated & treated with Fehling’s solution until it became alkaline (tested with litmus
paper). A brick-red coloration on heating showed a positive result [7].

•

For determination of presence of Flavorin, ethanolic extract of seeds mixed with
hydrochloric acid & magnesium metal. A yellow coloration was indicated for the
presence of flavonoid [7].
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•

For determination of Carbohydrates, seed extract is heated & treated with iodine. Violet
ring indicates the presence of carbohydrates [7].

•

For determination of proteins, seed extract is treated with 1M NaOH solution (for
alkaline conditions) & then treated with the biuret (NH2-CO-NH-CO-NH2) reagent.
Appearance of violet color shows presence of proteins.
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•

Aim & Objective :-

•

Aim :-

To study phytochemical analysis of Carica papaya(seed)..

•

Objectives :-

o Collection of plant material.
o Prepration of plant material.
o Phytochemical analysis of Carica papaya (seed).
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➢ Material & Methods Collection of plant material :The plant Carica papaya was collected from local area of Sangali city.

➢ Authentication of plant material :The Authentication of plant material was carried out at the Department of Biotechnology,
Smt. Kasturbai Walch& Collage, Sangli.

➢ Preparation of plant extract :Generally, sun drying is the most acquired method to dry the plant sample because it is
cost- saving. A minimum temperature of 30˚C or higher is required & several days will be
taken to eliminate the excessive moisture content of the sample or it can be dried in hot air
oven at 60℃-70℃ for 2 days. After the drying process, the dried seed sample must be
preserved in a dry air tight container with low humidity conditions to prevent the absorption of
the moisture by the dried sample. Next, the dried seed sample is needed to reduce in size as the
bigger surface area can enhance the contact point between the sample & the solvent utilized,
thus facilitate the extraction process. The dried sample can be ground into either powder or
pieces form by using a grinding machine or mortar & pestle. Next, the extraction process can
be started by placing the dried sample & solvent together in a vessel or extraction instrument.
The extraction of Carica papaya seeds were carried out with ethanolic Soxhlet extraction, the
evaporation & total dryness over hot water bath.
The 50 mg of seed sample was extracted in 250 mL & 300 mL respectively of chloroform
& benzene by maceration for 60 hrs. The crude extract was decanted, filtered & concentrated
using rotary evaporator until all the solvent was completely evacuated. The solid extract was
stored in glass vials in a refrigerator for next experiments.
Smt. Kasturbai Walch& College, Sangli.
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➢ Qualitative tests [7] :-

•

Determination of Alkaloids :-

0.5 g of the sample was accurately weighed & defatted with 5% ethyl ether for 15 min.
The defatted sample was extracted for 20 min with 5.0 mL of aqueous HCl on a steam.

o Mayer’s reagent :From the resulting mixture 1ml mixture was centrifuged & treated with a few drops of
Mayer’s reagent (Potassium Iodide-KI). Appearance of white creamy precipitate indicates the
presence of alkaloids.

•

Determination of Tannins :-

0.5 g of dried extract was stirred with 10.0 mL of distilled water. This was filtered &
ferric chloride (FeCl3) solution was added to the filtrate. The appearance of intense green,
purple, blue or blank color indicated the presence of tannin.

•

Determination of Saponins :-

0.5 g of dried extract was shaken with water in a test tube & warmed, the persistent foam
indicated the presence of saponin.

Smt. Kasturbai Walch& College, Sangli.

Page-21

Phytochemical analysis of Carica papaya (seed).

•

Determination of Anthraquinone :-

0.5 g of dried extract was shaken with 10.0 mL of benzene. This was filtered & 5.0 mL of
10% ammonia solution was added to the filtrate & shaken. Rose pink coloration suggested the
positive response for anthraquinones.

•

Determination of Cardiac Glycosides :-

Glycoside test was conducted according to the method reported by Hikino et al. [9]
To 2.00 g of each sample was added 20 cm3 of water, heated for 5 minutes on a water bath
& filtered through Gem filter paper (12.5 cm). The following tests were carried out with
the filtrate:
o 0.2 cm3 of Fehling’s solutions mixed with 5 cm3 of the filtrate until it became alkaline
(tested with litmus paper). A brick-red coloration on heating showed a positive result.

o Instead of water, 15 cm3 of 1.0 M sulphuric acid (H2SO4) was used to repeat the above
test & the quantity of precipitate obtained compared with that of above. High precipitate
content indicates the presence of glycoside while low content shows the absence of
glycoside.

•

Determination of Flavorins :-

1.0 mL of 10% ethanolic extract of Carica papaya was mixed with 0.5 mL of
hydrochloric acid & magnesium metal. A yellow coloration was indicated for the presence of
flavonoid.
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•

Determination of Carbohydrates :-

0.5 mL of the extracts was heated on warmed water, iodine solution was added & a violet
ring indicates the presence of carbohydrates.

•

Determination of Proteins :o Biuret test:
Take 1 ml of each Sample solution in test tube, add 0.2 ml of 1M NaOH solution to
make it alkaline then add 200μl of Biuret (NH2-CO-NH-CO-NH2) reagent. Appearance
of violet color shows presence of proteins.
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➢ Result & Discussion :-

Table represent the results of the phytochemical analysis of Carica papaya seeds.
Phytochemical screening indicated the presence of saponins, alkaloids, cardio glycoside,
tannins & anthraquinone in the extracts of Carica papaya seeds.
The secondary plant metabolites are bioactive compounds, for example saponins &
cardiac glycoside are important medicines to health status. Glycoside is known to be used in
the treatment of congestive heart failure, also saponins inhibits the blockage of the entrance of
Na+ concentration in cell activating, strengthens the contraction of heart muscle & thereby
reducing congestive heart failure.
Alkaloids are the most efficient therapeutically significant plant substance. Pure isolated
alkaloid & the synthetic derivative are used as basic medical agent because of their analgesic,
& antispasmodic & bacteria properties, which show markedly psychological effect when were
administered to animals. The presence of alkaloids in the seed show that this plant is effective
to malaria, since alkaloid consists of quinine which is anti-malaria. The cardiac glycosides
therapeutically have the ability to increase the force & power of hearth beat without increasing
the amount of oxygen needed by the heart muscles.
Flavouriods are major group of phenolic compounds reported for the antiviral,
antibacterial & spasmolytic properties. Saponins have relation with sex hormone involved in
controlling the release of milk. Another important action of saponins is their expectorant action
through the stimulation of the upper digestive tract.
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•

Qualitative screening of Carica papaya seed extracts :-

Sr.No.

Test

Observation

Inference

1

Test for Alkaloids
Sample + 5.0 mL of HCl (aq.) +
few drops of Mayer’s reagent.

A white creamy
precipitation is
formed.

+

2

Test for Tannins
Sample + 10.0 mL of distilled
water + few drops of ferric chloride
(Fecl3) aq.

A blue-black
precipitate.

+

3

Test for Saponins
Sample + H2O + heat

Persistence frothing
was observed.

+

4

Test for Anthraquinone
Sample + 10.0 mL of benzene
+10% of ammonia solution +
shaken

Rose pink
coloration.

+

5

Test for Cardiac Glycoside
Sample + glacial acetic acid + few
drops of FeCl3 (aq) + 1.0 mL of
conc. H2S04

Brick-red coloration
on heating.

+

6

Test for Flavorins
Sample + 1.0 mL of 10% ethanol
+0.5 mL of HCl

A yellow color was
formed.

+

7

Test for Carbohydrates
Sample + iodine solution

A violet ring
appears.

+

8

Test for Proteins
Sample+0.2ml 1M NaOH+200μl of
Biuret reagent.

A violet color
appears

+
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Conclusion
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Conclusion:

Phytochemical analysis of Carica papaya(seed) it can be concluded that Alkaloids,
Tannins, Saponins, Anthraquinone, Glycosides, Flavorins, Carbohydrates & Proteins are
present in the seed extracts of the Carica papaya plant.
The presence of these chemical constituents in this plant is an indication that plants
material can use in pharmaceutical significance.

Future aspects -

Antimicrobial activity of these chemical constituents can be studies by using
Escherichia coli, Staphylococcus cereus, Bacillus cereus, Pseudomonas aeruginosa, Shegella
flexineri.

Further research is therefore recommended to isolate, purify and characterize these
chemical constituents with a view to supplementing conventional drug development
especially in developing countries as they cost very much low as compared to the other
modern medicines.
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