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ABSTRACT

Extensive use of antimicrobials has led to evolution of bacterial resistance. Pathogenic
exposure of plants stimulates the synthesis of an array of proteins and peptides against the
pathogenic micro-organisms which are potential sources for the development of new
pharmacological formulations to treat different diseases. The present project was devoted to
screening of a medicinal plant Psoralea corylifolia (P. corylifolia) for antifungal and
antibacterial activites of seeds and seedlings under Fusarium solani stress. Also seed and
seedling protein extracts obtained at different time intervals after the fungal stress were
evaluated for cytotoxic, mutagenic and antioxidant activities. Maximum antimicrobial activity
was shown against Escherichia coli and Pasteurella multocida among bacterial strains and
Fusarium solani and Trichoderma harzianum among fungal strains. Minimum inhibitory
concentrations of protein extracts ranged in 0.125-0.25 µM concentration. A peptide of 9 kDa
was isolated from SDS-PAGE analysis at 8 hour post induction that could have therapeutic
potential in future. P. corylifolia seeds crude extract and eight hour induced protein extract
possessed significant antitumor and cytotoxic activities (P < 0.05). Protein extracts showed
potential antioxidant activity with P < 0.05. Mutagenic activity of P. corylifolia was also
evaluated and they were also found to be non-mutagenic. Six defensin genes were amplified
from DNA isolated from P. corylifolia. In conclusion, the present study has allowed
characterization of the bioactive potential of P. corylifolia. Further study of isolated peptides
and genes could unveil the defense mechanism against cancer and development of healthier
transgenic plants.
Key words: Fungal stress, therapeutic potential, cytotoxic, antioxidant, defensing gene
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Chapter 1

INTRODUCTION

Plants have been used as rich source of different medicinal compounds effective in
treatment of different diseases since human civilization. The interest in drug development
from plants and isolation of biologically active compounds lead to discovery of more potent
drugs with fewer side effects (Pranay and Rishabh, 2011). Constant exposure of plants to
pathogens (bacteria and fungi) involves various defensive mechanisms including structural
barriers and antimicrobial compounds like resins, phenolics and peptides. Antimicrobial
peptides participate in plant resistance against infectious micoorganisms (Castro and Fontes,
2005). Diversity of these peptides in different plant tissues supports their general protective
role in plants while local and systematic expression in plants during pathogenic exposure
supports their role in plant protection (Bohlman et al., 1998). Antimicrobial peptides from
plants possess antimicrobial activity but they are classified on the basis of their structure and
function (Broekaert et al., 1997; Castro and Fontes, 2005).

1.1. Antimicrobial peptides
Antimicrobial peptides (AMPs) are small peptides composed of less than 100 amino acids
that are present among eukaryotes (Zasloff, 2002). They are conserved evolutionarily and
play important role in plant defense against the pathogens, therefore also called as host
defense peptides. Antimicrobial peptides have been reported to kill bacteria, mycobacteria,
fungi, enveloped viruses and cancerous cells (Reddy et al., 2004). These peptides are basic
(positively) charged in nature possessing both hydrophobic and hydrophilic amino acids
responsible for their solubility in water and entrance of peptides through lipid-rich
membranes. Antimicrobial peptides have been found to involve in angiogenesis, wound
healing and chemotaxis (Izadpanah and Gallo, 2005). From different studies it is evident that
antimicrobial peptides are responsible for host immune response by receptor-dependent
interactions (Izadpanah and Gallo, 2005). The affinity of antimicrobial peptides for microbial
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membranes due to charge difference has encouraged their evaluation as imaging probes for
bacterial and fungal infections (Welling et al., 2000).
The escalating problem of bacterial resistance against conventional antibiotics and
spread of different infectious diseases have motivated the interest in exploring natural
antimicrobial peptides (AMPs) which act as promising antimicrobial drugs against resistant
pathogens (Giuliani et al., 2007; Zaiou, 2007; Fjell et al., 2012). These AMPs act as first line
of defense against pathogens (Radek and Gallo, 2007). Due to their amphipathic nature and
positively charged, they preferentially bind to bacterial membranes which are more
negatively charged than mammalian cell membranes causes pore formation which leads to
membrane depolarization and permeabilization (Spindler et al., 2011). An elevated AMPs
concentration tends to fully disrupt the lipid bilayer barrier and kills the cells. A number of
naturally occurring AMPs have been used in therapies for skin diseases, wound healing and
cancer (O‘Driscoll et al., 2013).
1.1.1 Antimicrobial peptides from medicinal plants
Medicinal plants are the only source of medicine for 80% of the world population
especially in countries that are under development (Hashim et al., 2010). Different parts of
medicinal plants have shown their effectiveness against specific diseases (Sridhar et al.,
2011). It is evaluated that antimicrobials derived from plants provide potential therapeutics
(Pankaj and Purshotam, 2011). Many drugs are derived from medicinal plants with potential
activity as antirheumatic, antithrombotic, antimalarial, anticancer, antidiabetic and
antimicrobial properties (Kaushik and Dhiman, 2000) and antimyco-bacterial activities
(Newton et al., 2000). Major groups of AMPs produced in plants are thionins, defensins and
lipid-transfer proteins (Castro and Fontes, 2005). Defensins and other antimicrobial peptides
function mainly as naturally occurring antibiotics in infected tissues. Many plant defensins
can act as defense proteins and exhibit a powerful fungicide action against the pathogen
(Terras et al., 1992; Thevissen et al., 1999). Many new potent drugs have been isolated from
plants due to resistance of pathogens against conventional antibiotics.

1.2. Biotic stress in plants
Environmental constraints play crucial role to the survival, productivity and reproductive
ability of plants. Plants are exposed to different environmental stresses including abiotic
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(physical environment) and biotic (virus, bacteria, fungi, insects etc) stress (Leavitt, 1980). In
response to such stresses plants evolve unique mechanisms at physiological, biochemical,
molecular and genetic level (Madhava et al., 2006). Stress mechanisms are well studied in
Arabidopsis thaliana and responsive genes are classified as early response genes (encoding
signaling proteins) and late response genes (encoding effector proteins) responsible for
physiological adaptation of the plant (Cheong et al., 2002). The common adaptation
mechanisms in response to different stresses includes signal recognition by receptor
molecules, robust synthesis of secondary metabolites (Xiong et al., 2002) followed by Ca2+
fluxes and activation of protein phosphorylation cascade and synthesis of proteins involved in
plant defense (Cheong et al., 2002; Roberts et al., 2002). The activation of pathogen stress
responses itself poses a stress to the plant, and both disease and defence mechanism might be
the cause for reduced yield (Heil et al., 2000). Therefore, there is need to produce sustainable
varieties against different pathogens. Breeding programmes and farming practices improved
agricultural yields but increasing food and fuel demand due to increase in population focuses
on improvement of crop yield by using of new technology to design new crop varieties with
demonstrable improvements in genetic yield potential and yield stability. Maximum yield
attaining varieties with water-limited yield potential (WLYP) and without limiting impacts of
soil toxicity, nutrient deficiency, insect damage, disease and weed competition are imagined
for crop yield improvement in near future.
The Australian winter pulse industry is assumed to increase substantially in near future
under long-term collaboration with International Centre for Agricultural Research in the Dry
Areas (ICARDA) by incorporating resistance against wide range of virus strains with
significant contribution to sustainability and profitability of Australian farming. Earlier
collaboration of GRDC funded projects with ICARDA developed virus resistant faba bean
and field pea germplasm. Extending research to other pulse species and pathogens hopefully
result in similar progress in resistant crops also for other pathogens as well.

1.3. Psoralea corylifolia
Psoralea corylifolia (P. corylifolia) belongs to family leguminosae which consists of
about 500 genera and about 12,000 species. It is an annual herb having wide applications in
ayurvedic and traditional Chinese medicine. Genus ―Psoralea” is derived from the Greek
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word ―psoraleos” which means ―affected with the itch or with leprosy‖ (Maisch, 1889). P.
corylifolia is most commonly known by its different names like Bavachi, Bakuchi, Barachi,
Bawachi, Bobawachi, Babchi, Bhavaj, Bemchi, Bavachi, Bawchi, etc. (Khushboo et al, 2010).
English common name of Babchi is Psoralea. Species of Psoralea are widely distributed
throughout the world. Plant grows well in temperate conditions and prefers sandy, loamy and
clay soils. Leaves of the plant are simple with white hairs arranged in the form of racemes and
broadly elliptic. P. corylifolia bears bluish purple or yellow flowers. Seeds of P. corylifolia
are listed in Chinese Pharmacopoeia due to their well-known use in Chinese medicine (Qiao
et al, 2006). They are kidney shaped, elongated, smooth, dark brown, oily, and free of starch.
Percentage of germination of Psoralea could be increased by mechanical puncturing of seed
cover or by breaking the dormancy of seeds by mechanical puncturing or treatment with
concentrated sulfuric acid for 1 h before sowing. The seeds are sown in October-November in
Pakistan and plant attains height of 30-180 cm. Fruit of plant is odourless with a bitter,
unpleasant taste. The extracts from the plant are reported to exhibit antibacterial, antifungal,
antitumor, anti-inflammatory, antioxidant and immunomodulatory activity (Gidwani et al,
2011). It is used in treatment of different skin diseases. Ethnobotany, phytochemistry,
pharmacological activity, chemical constituents, traditional uses, toxicology and precautions
of P. corylifolia are also studied (Khushboo et al., 2010; Gidwani et al., 2011). Thus
phytochemistry of P. corylifolia is extensively studied, however, data regarding therapeutic
potential of P. corylifolia and isolation of potent antimicrobial peptides/proteins under fungal
stress remain to be investigate. Therefore, the present study was designed to decipher the
potent activities of P. corylifolia extracts.
In view of above mentioned information about P. corylifolia and need for search of potent
antimicrobial peptides from respective plant due to their increasing importance in
development of phytomedicine, designing of novel environmently friendly fungicides, and
engineering disease resistance in plants, the present project was planned with following
objectives:



To investigate the antioxidant, cytotoxic and mutagenic potential of P. corylifolia
crude extracts
(seeds and seedlings) as well as proteinaceous extracts with and without
fungal stress.
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To evaluate the fungus induced protein
potential of seedlings of P. corylifolia for
antimicrobial and anticancer activities



Isolation and cloning of defensin genes from P. corylifolia
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Chapter 2

REVIEW OF LITERATURE
Plant defense system produces various defense substances during biotic and abiotic
stresses along with physical barriers to combat against invading challanges.

2.1. Antimicrobial peptides
Natural antibiotic compounds present in living organisms or produced as a result of
pathogen attack are reffered as antimicrobial peptides (AMPs). They are evolutionarily
conserved and small in size (~ 5 kDa). They are structurally unique and diverse composed of
two or more positively charged amino acids with greater portion of hydrophilic amino acids
which is responsible for their definitive property of association ability to membranes (Yeaman
and Yount, 2003; Sitaram and Nigaraj, 2002; Hancock et al., 2002). α-helix, β-strands, βhairpins and extended forms are secondary structures of AMPs (Dhople et al., 2006). The
selectivity of AMPs have been reported to possess antimicrobial activity against gram positive
and gram negative bacteria, mycobacteria, fungi and cancerous cells (Reddy et al., 2004).
They also possess ability to kill bacterial strains resistant to conventional antibiotics and
enhance the immune response of host (Fjel et al., 2012).
2.1.1. Therapeutic potential of antimicrobial peptides
The broad spectrum of antimicrobial activity of AMPs as compared to conventional
antibiotics could be used to develop novel therapeutic agents (Reddy et al., 2004). A number
of natural antimicrobial peptides from animal origin and their derivatives have been
developed commercialy as novel therapeutic agents for treatment of different diseases
including cancer, wound and skin infections (Zasloff, 2002). Commercially available AMPs
with antibacterial and antifungal effects are Human lactoferricin and Heliomycin (Zasloff,
2002). Inspite of such therapeutic usefulness of AMPs, the development of bacterial resistance
to these AMPs limits their open access.
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2.1.2. Antimicrobial peptides from plants
Plants are rich source of antimicrobial compounds and peptides. Major groups of
AMPs produced in plants are thionins, defensins and lipid-transfer proteins (Castro and
Fontes, 2005). Thionins are rich in arginine, lysine and cysteine. Numerous thionins including
viscotoxins from Viscum album, phoratoxins and crambin from Crambe abyssinica seeds have
been isolated and studied (Castro and Fontes, 2005; Stec, 2006). Thionins isolated from barley
leaves possess antifungal activity (Bohlman et al., 1988). Plant thionins are known to possess
cytotoxic effects on biological systems.
Plant defensins are small basic proteins possessing disulphide bridges and basic amino
acids found in wheat, radishes and Brassicaceae species. Different plant defensins show
strong inhibition of fungi reffering them as plant defense proteins (Terras et al., 1992;
Thevissen et al., 1999). Lipid transfer proteins (LTPs) also constitute major group of plant
peptides. Lipid transfer asssays determine lipid transfer from donor (liposomes) to acceptor
membrane (chloroplast and mitochondria). There are two subfamilies on the basis of their
molecular mass, 9 kDa (LTP1s) and 7 kDa (LTP2s).
2.1.3. Mechanism of action
Plants are exposed to pathogens at every stage of their life. During plant-pathogen
interaction utilization of various host substances aids the passage of pathogen through
physical barriers to plant and results in cell wall destruction, altering cell membrane
permeability, imbalancing hormonal system and blockage of water translocation mechanism
by producing hydrolytic enzymes (cutinases, pectinases, cellulases and ligninases), toxins,
growth regulators and polysaccharides. While in plants resistance to pathogen occurs locally
and systematically followed by subsequent cell death as hypersensitivity response and
production of reactive oxygen intermediates (ROIs), alteration in cell wall constitution,
accumulation of induced phytoalexins, synthesis of defense peptides and proteins and cell
death in response to pathogen attack (Castro and Fontes, 2005).

2.2. Biotic stress to plants
Environmental constraints play a crucial role to the survival, productivity and
reproductive ability of plants. Fungi cause plant wilt, root rot, leaf spots and seed damage.
More than 300 species are pathogenic and cause different infections including allergy in man
(Gupta et al., 2002). In response to such stresses plants evolve unique mechanisms at
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physiological, biochemical, molecular and genetic level (Madhava et al., 2006). Stress
mechanisms are well studied in Arabidopsis thaliana and responsive genes are classified as
early response genes (encoding signaling proteins) and late response genes (encoding effector
proteins) responsible for physiological adaptation of the plant (Cheong et al., 2002). Many
defense mechanisms have evolved in plants for resistance to infection due to fungal stress.
Induced structural and biochemical defences in plant pathogen attack are shown in Fig. 2.1. In
fungal pathogen attack to plant, fungi colonize plant tissue by producing glycanases (e.g.
galacturonases, xylanses and glucanses) that fragment plant cell wall polysaccharides.

Fig 2.1. Induced structural and biochemical defenses in plant pathogen attack. Adopted
from cell walls and plant pathogens, Complex Carbohydrate Research Centre, The University
of Georgia. Oligosaccharides (elicitor molecules) from fungal pathogen are independently
received by the receptor in the host (plant cell), triggering a signaling cascade which uses
secondary messengers responsible for activation of transcription of defense-related genes, the
products of which prevent a successful infection. Production of endo β-1,3 glucanases by
plant cell results in degradation of fungal cell wall resulting in oligosaccharide production
which enhances the plant pathogen defense mechanism.
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As a result the oligosaccharides generated act as carbon source for the fungus and also as
elicitor of a plants defense responses.
Plants produce proteins that inhibit fungal glycanses and thereby increase the life time
of the biologically active oligosaccharides. The fragmentation of the fungal cell wall by plantderived endo 1,3 β-glucanses also generates oligosaccharides that induces a signaling cascade
which activates defense-related genes in plant leading to phytoalexin synthesis, pathogenrelated proteins, ion fluxes, active oxygen production, protein phosphorylation and
hypersensitive reponse as plant defense responses. The fungus itself may produce glucanase
inhibitor proteins (GIPs) to prevent the degradation of its own cell wall and limit its
perception by the plant. Thus, the interplay between fungal and plant glycanases and their
respective inhibitors may in large part determine the outcome of attempted pathogenesis.

2.3. Plant 'pathogenesis-related' (PR) proteins
Plants and pathogens both are present in our environment as part of it. Pathogen
attacks plant and secretes different chemicals like hydrolytic enzymes, toxins, growth
regulators and polysaccharides that facilitate its spread through host tissues. While in response
to pathogen attack the plant defense includes two resistance mechanisms, constitutive and
induced resistance mechanisms. Constitutive resistance mechanism includes the synthesis of
compounds during normal growth of plant (like lignin, pectin, cuticle, suberin and waxes etc),
whereas, induced resistance mechanism is activated as a result of pathogen attack. In induced
resistance mechanism recognition of elicitors and signal transduction as well as defense
related protein synthesis takes place. These proteins produced by plants in response to
pathogen attack are referred as Pathogenesis-related (PR) proteins (Van Loon, 1985). The
term pathogenesis-related proteins was used in 1980 to define a group of plant polypeptides
accumulated in pathological or related conditions (Cutt and Klessig, 1992). They are induced
as part of local or systemic acquired resistance. Some of these proteins are reported to possess
antimicrobial activity, attacking molecules in the cell wall of a bacterium or fungus. Lignin
deposition and cross-linking of molecules in cell wall due to production of phenolic
compounds, phytoalexins and PR- proteins subsequently prevent spread of the pathogen to
other plant parts (Adrienne and Barbara, 2006; Campbell and Reece, 2005).
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PR protein was first time discovered and reported in tobacco plants infected by
tobacco mosaic virus (Van and Van, 1970). Later many PR proteins were found in different
plants mostly exhibiting low molecular weight (6 to 43 kDa), and stable at low pH (<3)
possessing protease resistance and soluble in acid. PR proteins have been classified into 17
families including β-1,3-glucanases, chitinases, peroxidases, thaumatin-like proteins, thionins,
ribosome-inactivating proteins, oxalate oxidase, nonspecific lipid transfer proteins, oxalateoxidase-like proteins, and defenses according to their properties and functions (Table 2.1)
(Van and Van, 1999). After infection with different pathogens, the most abundantly found PR
proteins are two hydrolytic enzymes chitinases and β-1,3-glucanases which are significantly
increased and play important role in defense against fungal pathogens by degrading chitin and
β-1,3-glucan a major structural component of the cell walls consequently damaging cell wall
of many pathogenic fungi. Co-induction of β-1,3- glucanases and chitinases has been
described in many plant species, including pea, bean, tomato, tobacco, maize, soybean, potato,
and wheat after fungal infection (Mauch et al., 1988; Vogelsang and Barz, 1993; Jach et al.,
1995; Cheong et al., 2000; Li et al., 2001).
Table 2.1. Classification of pathogenesis-related proteins (adopted from Van
Loon et al., 2006) with some modifications.
Properties
Families

Type
members

Major

Activity

amino

pH range/

General mode

MW

pI

of action

(kDa)

Acidic

Unknown

14-17

I (basic),

Hydrolysis of

30-41

II, III, IV

structural 1,3- β

(acidic)

glucan present

acids

PR-1

Tobacco
PR-1a

138 amino

Antifungal

acids

(PR-1a)
and pI
10.511(Basic
PRB-1b))

PR-2

Tobacco
PR-2

β-1,3glucanase

in fungal cell
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walls

PR-3

Tobacco P,
Q

Cysteine

Chitinases

rich

Acidic

Cleave cell

and basic

wall chitin

(catalytic

polymers in

domain)

situ

25-35

Proline
rich
(binding
domain)

PR-4

PR-5

Tobacco ‗R‘

Tobacco S

Cysteine

16
Cysieine

Chitinase type
I,II Win-like
proteins,chitin
binding
proteins

basic

Thaumatinlike (osmotins)

acidic,

Alter fungal

basic or

cell membrane

neutral pI

permeability,

residues

Binding to

13-14

chitin

16-26

bind 1,3glucan, exhibit
β-1, 3glucanase
activity

PR-6

Tomato
Inhibitor I

Proteinaseinhibitor

PR-7

Tomato P69

Endoproteinase

Unknown

Basic

Microbial cell

8-22

69

wall dissolution

PR-8

Cucumber
chitinase

Chitinase type
III (Lysozyme)

Acidic

Cell wall chitin

and basic

of fungi, and

30-35

mucopeptide
wall of bacteria

PR-9

Tobacco
‗lignin

Arginine,
asparagine

Peroxidase

Basic

Catalyzes

50-70

oxidative cross-
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forming
peroxidase‘

and

linking of

aspartate

protein and
phenolics in
plant cell wall

PR-10

Parsley
‗PR1‘

Ribonuclease
like,
IPRs
(intracellular
PR proteins)

Slightly

Inactivates

acidic

fungal

15-16

ribosomes in
vitro and
presumably in
situ

PR-11

PR-12

Tobacco
‗class
chitinase
Radish
AFP3

V‘

Rs- 8 cysteine

Chitinase, type
I

Basic

Defensin

Basic

Chitinase

40

enzyme activity

residues

Fungal

5

inhibition
probably
occurs through
an ion efflux
mechanism

PR-13

Arabidopsis
THI2.1

Cysteine

Thionin

Basic

Fungal

5-7

inhibition by
altering cell
membrane
permeability

PR-14

Barley
LTP4

90-95
amino

Lipid- transfer
protein

acids

PR-15

Barley
OxOa
(germin)

Antifungal and

9

antibacterial
activity

Oxalate
oxidase

Produces H2O2

22-25

that inhibits
microbes and
also stimulates
host defense
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PR-16

Barley
OxOLP

Oxalate
oxidase-like

Produces H2O2
that inhibits

100

microbes and
also stimulates
host defense

PR-17

Tobacco
PRp27

Unknown

Unknown

Unknown

This classification of PR proteins is made on the basis of their sequence similarity, enzymatic
properties and immunological relationships (Van Loon et al., 2006)
2.3.1. Structure and properties of PR proteins
Large numbers of small, basic, cysteine rich antimicrobial proteins are produced by
many organisms throughout all kingdoms. They display a great variety in their primary
structure, in species specificity, and in the mechanism of action (Leiter et al., 2005).
2.3.1.1. Pathogenesis-related (PR) protein 1
First time discovery of pathogenesis related protein from Nicotiana tabacum (tobacco)
in 1970 led to identification of PR proteins from other plants like Arabidopsis, Oryza sativa,
Solanum lycopersicum, Hordeum vulgare, Triticum sp., Piper longum and Zea mays (Liu and
Xue, 2006). Most of these PR-1 proteins are basic in nature having molecular weight 14 to 17
kDa. In Arabidopsis thaliana, absence of TAG 2 and SA results in no expression of PR-1
(Després et al., 2000; Rochon et al., 2006). NPR1 are responsible for regulation of acquired
systemic resistance in Arabidopsis thaliana by regulating pathogenesis related 1 (PR-1). PR-1
proteins are reported to possess antifungal activity against a number of plant pathogenic fungi,
including Phytophthora infestans, Uromyces fabae, and Erysiphe graminis at the micromolar
level (Niderman et al., 1995).
2.3.1.2. β-Glucanase (PR2):
Plant ß-1,3-glucanases (ß-1,3-Gs) (glucan endo- 1,3-ß-glucosidases, E.C. 3.2.1.39)
exhibiting wide range of isoelectric pH plays important role in plant defense and
developmental processes. It comprises of highly complex genes with molecular mass ranging
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from 33 to 44 kDa (Hong and Meng, 2004; Saikia et al., 2005). The PR-2 proteins have been
divided into three classes based on amino acid sequence identity, primary structure, cellular
localization, and mode of expression (Payne et al., 1990). Most of class I members, the basic
ß-1,3-Gs are localized in vacuoles of the plant cells possessing molecular mass of ~33 kDa are
found in potato, tomato, tobacco and other plants (Bulcke et al., 1989). The class II and class
III proteins (acidic proteins) are secreted outside the plant cell possessing molecular weights
range in 34 to 36 kDa (Simmons, 1994). Only class I family exhibits antifungal activity and an
additional C-terminal extension of these proteins are likely to be vacuolar targeting signal
which is cleaved post-transcriptionally during transportation within the cell (Sticher et al.,
1992). These enzymes play important role in several physiological as well as developmental
processes like seed germination (Leubner-Metzger et al., 1995), pollen germination (Meikle et
al., 1991), microsporogenesis (Bucciaglia and Smith, 1994), cell division (Fulcher et al.,
1976), mobilisation of cereal grain storage products in the endosperm and fertilization
(Helleboid et al., 1998). Induction of ß-1,3-Gs in plant parts is reported due to hormonal
signals (ethylene and methyl jasmonate), wounding, freezing temperatures, pathogen attack
(Colletotrichum lagenarium) and fungal elicitors (Saikia et al., 2005; Wu and Bradford, 2003;
Ji and Ku, 2002; Boller, 1995). Kucera et al. (2003) studied that ultraviolet (UV-B; 280–320
nm) radiation strongly induced enzyme ß -1,3-Gs production in primary leaves of Phaseolus
vulgaris (French bean). Abscisic acid is also reported to strongly inhibit the induction of ß1,3- glucanases at 10 µM concentration whereas auxin and cytokinin together are repoted in
down regulation of ß -1,3-glucanases and chitinases (Rezzonico, 1998; Wu et al., 2001).
These enzymes are found in many plants including Nicotiana tabacum (tobacco), Cicer
arietinum (chickpea) and Arachis hypogaea (peanut) and possess potential activity against
different fungi like Blumeria graminis, Aspergillus parasiticus, A. flavs, Fusarium culmorum,
fusarium udum, Fusarium oxysporum, Colletotrichum lagenarium, Treptomyces sioyaensis
and Macrophomina phaseolina (Rezzonico, 1998; Wu and Bradford, 2003; Hong and Meng,
2004; Liang et al., 2005; Roy-Barman et al., 2006). ß-1,3- glucanases hydrolyzes 1,3- ß-Dglucosidic linkages in ß-1,3- glucans which is a major component of fungi cell wall and
concequently cell lysis or cell death occurs (Hoj and Fincher, 1995).
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2.3.1.3. Chitinases (PR3)
Chitinase PR-3 family comprises of class I, II and IV proteins involved in hydrolysis
of chitin glycosidic bonds of fungal cell walls (Jolles and Muzzarelli, 1999). Chitinases from
plants are monomeric and mostly endochitinase possessing molecular weights ranging 25– 35
kDa. They performs hydrolysis of β-1,4-linkages present between N-acetylglucosamine and
N-acetylmuramic acid of lysozyme and produces 2–6 N-acetyl-glucosamine units. Chitin, a
natural homopolymer of β-1,4- inked N-acetylglucosamine residues is the main substrate of
Chitinases (Kasprzewska, 2003). PR-3 chitinases cleaves chitin polymers in the cell wall
results in weakened and osmotically sensitive fungal cells (Jach et al., 1995).
Some basic proteins belonging to class I chitinases are found in seed bearing plants are
vacuolar and antifungal, whereas extracellular are acidic in nature with little antifungal
activity. A cysteine-rich domain comprising of about 40-amino-acid is present at the Nterminus, a hypervariable domain, the chitin binding hevein domain (which is a proline-rich
hinge region), and a catalytic domain is present in class I chitinases (Neuhaus et al., 1991).
Class II chitinases amino acid sequence is similar to class I proteins possessing
molecular weight of about 27 to 28 kDa. They are extracellular and acidic in nature and shows
60–65% sequence similarities to class I chitinases. Some of them are known to induce
antifungal activity in living plant cells instead of killing the pathogenic fungus.
Class IV proteins are significantly smaller in size due to four major deletions and are
similar to class I chitinases (Graham and Sticklen, 1994).
Chitinase have been isolated from Nicotiana tabacum, Cucumis sativus, Hordeum
vulgare, Cicer arietinum, Phaseolus vulgaris, Vitis vinifera and Solanum lycopersicum
(Kirubakaran and Sakthivel, 2006; Chu and Ng, 2005; Saikia et al., 2005; Sluyter et al., 2005;
Wu and Bradford, 2003; Pu et al., 1996). Gibberellin, Methyl Jasmonate, and wounding
regulate chitinases and β-1, 3-Glucanase differentially. Wu and Bradford (2003) found that
wounding and methyl jasmonate results in chitinases expression by inducing gene chi 9 in the
tomato seeds. Yeh et al. (2000) reported expression of chitinase gene in response to cold
stress up to -2 to -5 ºC. Significant antifungal activities are shown by PR-3 proteins against
plant pathogenic fungi like Rhizoctonia solani, Bipolaris oryzae, Alternaria sp., Botrytis
cinerea, Fusarium oxysporum, F. udum, Curvularia lunata, Mycosphaerella arachidicola and
Pestalotia theae (Chu and Ng 2005; Saikia et al., 2005; Kirubakaran and Sakthivel, 2006).
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2.3.1.4. Chitin Binding Protein (CBP, PR4):
Chitin binding proteins (CBP) are proteins range 13kDa to 14 kDa in molecular mass,
possessing basic isoelectric pH (Nielsen et al., 1997; Bormann et al., 1999; Yang and Gong,
2002). CBP have been reported from numerous plants like Piper longum (pepper), Beta
vulgaris (suger beat), Nicotiana tabacum (tobacco), Solanum lycopersicum (tomato),
Hydrangea macrophylla (hortensia) and Solanum tuberosum (potato) (Nielsen et al., 1997;
Bormann et al., 1999; Lee et al., 2001; Yang and Gong, 2002). Rapid induction of expression
of the CACBP1 chitin-binding protein was observed in response to pathogen infection,
ethephon, methyl jasmonate or wounding in pepper (Capsicum annuum L.). Regulation of
CACBPI chitin binding protein was ogan specific and high level of expression was observed
in phloem in leaves of pepper (Lee et al., 2001; Wan et al., 2008). Strong inhibition against
Xanthomonas campestris, Cercospora beticola, Aspergillus species and many crop fungal
pathogens have been reported (Nielsen et al., 1997; Bormann et al., 1999; Lee et al., 2001;
Yang and Gong, 2002). Houston et al. (2005) found that CBP do not performs any function
except enhancing chitinase enzyme activity by binding to insoluble chitin.
2.3.1.5. Thaumatin-Like Protein (TLP, PR5):
Polypeptide classes possessing high sequence similarity to thaumatin (sweet tasting
protein) from the South African berry bush Thaumatococcus daniellii (Bennett) (Cornelissen
et al., 1986) comes under thaumatin-like proteins (TLPs). These proteins are mostly found in
young plant leaves and first identified in tobacco leaf extracts when the plant was infected
with tobacco mosaic virus (Cornelissen et al., 1986). During stress conditions (biotic or
abiotic) higher level of thaumatin-like proteins were found like accumulation of osmotin and
NP24 proteins in tomato and tobacco in response to osmotic stress (Pressey, 1997). Also
significant level of TLPs was reported during development in flower buds of turnip and
overripe cherries (Fils-Lycaon et al., 1996).
Proteins from PR-5 family are further classified into two groups on the basis of their
molecular weights. First class possesses molecular weights ranging from 22 to 26 kDa and the
other class possessing molecular weights around 16 kDa due to an internal deletion of 58
amino acids. Generally, they are found to be acidic, basic, or neutral TLPs. Thaumatin-like
proteins have been reported from various plant species like Hordeum vulgare (barley),
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Actinidia deliciosa (kiwifruit), Zea mays (maize), Pseudotsuga menziesii (douglas-firs),
Nicotiana tabacum (tobacco), Solanum lycopersicum (tomato) and Triticum sp. (wheat)
(Wurms et al., 1999; Fecht-Christoffers et al., 2003; Anand et al., 2004; Zamani et al., 2004).
Monteiro et al. (2003) found no TLPs are present at constitutive levels in healthy plants like
Phomopsis viticola and Uncinula necator. Thompson et al. (2007) reported that TLPs might
be involved in hyphal growth inhibition or reduction of spore germination through pathogen
receptor interactions or membrane permeabilization mechanism as biotic stress response.
Linusitin, a 25-kDa TLP from flax seeds exhibited antifungal activity against Alternaria
alternata through membrane permeabilization mechanism which was affected by protein and
lipid concentration of fungal cell wall composition (Anzlovar et al., 1998). Other TLPs with
endo- β1,3-glucanase activity and antifungal activity are reported from banana, apple and
cherry against Verticillium alboatrum (Menu-Bouaouiche et al., 2003). Osmotin, an
antimicrobial protein, due to its pH dissipating and permeabilizing ability in fungal plasma
membrane has been used in of transgenic crops production (Barthakur et al., 2001).
2.3.1.6. Ribosome Inactivating Protein (RIP, PR10)
RIP are intracellular and cytosolic proteins having low molecular weight about 1516 kDa, slightly acidic in nature and resistant to proteases (Ekramoddoullah, 2004).
Structurally, they are not related to any other class of PR proteins. They are not only directly
involved in defense function and general function stress but also involved in certain
developmental stages (Fernandes et al., 2013).
Wide range of proteins has been studied from this family but their function is still not
clear. Arachis hypogaea L., Pisum sativum, Nicotiana tabacum, Solanum surattense, Mirabilis
expansa and Volvariella volvacea possess RIP of around 30 kDa molecular mass (Vivanco et
al., 1999; Kim et al., 2001; Ye et al., 2000; Lam and Ng, 2001). A lot of ribosome
inactivating proteins have been isolated but only few showed antifungal activity. TRIP, an
RIP isolated from tobacco results in release of adenine residues in many fungi like Cytospora
cankar, Fusarium oxysporum, Pestalotia sp. and Trichoderma reesei and bacteria like Ervinia
amylovora, Pseudomonas solancearum, Rhizobium leguminosarum, Salmonella typhimurium
and Shigella asonei which might be the mode of translation inhibition (Kim et al., 2001). Lam
and Ng (2001) found that some RIP are involved in inhibition of reverse transcriptase of
human immunodeficiency virus (HIV) -1 with an IC50 of about 5.2 nM. Multigene families
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encode PR-10 proteins which are responsible for their multifunctional behavior. In addition to
their particular role they possess widely spread conserved sequences that might describe the
crucial role of RIP proteins (Mogensen et al., 2002).
2.3.1.7. Other Proteins
AFP, a highly basic (pI 8.8) antifungal protein with high content of cysteine, lysine
and tyrosine comprising on 51 amino acids have been studied from Aspergillus giganteus
(Theis et al, 2003). Minimum inhibitory concentration of AFP against Fusarium oxysporum
was 0.1 µg/mL while against Aspergillus nidulans was found to be 200 µg/mL. They found
by fluorescent dye SYTOX Green based assay that the growth inhibition was due to
permebealization of the fungal membranes. Same AFP protein from Aspergillus giganteus,
was found to be involved in the promotion of charge neutralization and DNA condensation
according to ethidium bromide displacement and electrophoretic mobility shift assays (Pozo
et al., 2002). Hagen et al. (2007) reported that AFP inhibited the synthesis of chitin by the Insitu chitin synthase activity assays. These findings about AFP protein indicated that it caused
membrane permeability by chitin synthase inactivation and cell wall stress.
2.3.2. Functions of PR proteins
PR proteins are reported to show potential activities in plants like antifungal activity
(Hejgaard et al., 1991; Caruso et al., 1996). Some also exhibit antibacterial, insecticidal and
antiviral activity (Edreva, 2005). Chitinases and β-1,3-glucanases are hydrolytic enzymes and
performes β-1,3-glucanase and chitinase activities (Kombrink et al., 1988). Defensins and and
lipid transfer proteins are found to be involved in membrane permeabilizing effect (Lay and
Anderson, 2005). These crucial functions of PR proteins help in seed germination, disease
resistance and plants adaptation to the environmental stress.

2.4. Psoralea corylifolia
Plants have been one of the basic components of traditional medicine due to their
effectiveness and fewer side effects which lead to the development of new formulations with
efficient therapeutic and economical value.
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P. corylifolia is a herb that belongs to family leguminosae which consists of about 500
genera and 12000 species. The name ―Psoralea‖ is derived from the Greek psoraleos, which
means ―affected with the itch or with leprosy‖ (Maisch, 1889).
2.4.1. Phytochemistry
Production of natural compounds from medicinal plants rather than synthetic
compounds is main focus of scientific research due to their potential role in agriculture and
plant disease control. Many medicinal plants have been screened for their phytochemical
analysis. Different phytochemicals which are reported in plants are vitamins (A, C, E),
carotenoids, terpenoids, avonoids, tannins, polyphenols, alkaloids, saponins, enzymes,
minerals, etc. Antioxidant activities of these chemicals make them valuable for their use in
prevention or treatment of different diseases including cancer. Many phytochemicals
including coumarins, lipids, flavones, chalcones, monoterpenoids phenols, resins, volatile oil
and stigmasteroids have been isolated from seeds of P. corylifolia possessing biological
activities makes it useful candidate for development of novel antimicrobial agents (Sangeetha
and Sarada, 2012). Numerous phytochemicals reported from different parts of P. corylifolia
are presented in Table 2.2. Chloroform and petroleum ether extracts of P. corylifolia show the
presence of corylifolin, psoralen, isopsoralen, psoralidin and corylin compounds (Jiangning et
al., 2005). Tiwari (2012) found that P. corylifolia was used in the treatment of many diseases
and in many medicinal formulations. They investigated the phytochemical content of
P.corylifolia from leaf and stem in petroleum ether and methanol extracts.
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Table 2.2. Phytochemicals reported from P. corylifolia
Phytochemicals
Psoralen,
corylifolin,

Plant part

isopsoralen,
corylin

Reference
Jiangning et al., 2005

and Whole plant

psoralidin
Neo-psoralen

Bakuchiol (C18H24O)

Jiangning et al., 2005;
Dev et al., 1973

Bisbakuchiols A & B

Cheng et al., 2007

Corylinal

Dhar et al., 1978;
Dhar et al., 1980

C-formylated Chalcone &
Isoneobavachalcone

Dhar et al., 1980

Psoralenol

Dhar et al., 1978
Seeds

Psoralen and Isopsoralen

Liua et al., 2004

Psoracorylifols A-E

Yin et al., 2006

Chalcone

and

Bavachromanol
Corylifols
Bavachalcone

Suri et al., 1980
A-C

&
Yin et al., 2004
Gupta et al., 1982

Bakuchicin

Khatune et al., 2004

Bavachinin

Anand et al., 1978
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Bavachin,

Isobavachin

&

Haraguchi et al., 2002

Isobavachalcone
Psoralenoside

and

Qiao et al., 2006

Isopsoralenoside
Neobavachalcone,

Sood et al., 1977

bavachromene & 7-methyl
bavachin
Cyclobakuchiol C
3,5,

Yin et al., 2007

3ʹ,4ʹ-tetrahydroxy-7-

Yadava and Verma, 2005

methoxyflavone-3ʹ-O-alphaL-xylopyranosyl (1→3)-Oalpha-L-arabinopyranosyl
(1→4)-O-beta-Dgalactopyranoside
3,5ʹ-dihydroxy

6ʹ,

dimethyldihydropyrano

6ʹ-

Seeds

(2ʹ,

3ʹ:8,9) coumestan
3-hydroxy-5ʹ(1-hydroxy-1ethyl)

4ʹ,5ʹ,-

dihydrofuro(2ʹ,3ʹ:

8,9)

methyl

Gupta et al., 1990

coumestan
Sophoracoumestan A
Psoralester

and

Tewari and Bhakuni, 2010

psorachromene
6-(-3-methylbut-2-enyl)-6N-

Khatune et al., 2002

7-dihydroxy-coumestan
Corylifonol

and

Lin and Kuo, 1992

isocorylifonol, astragalin, phydroxybenzoic acid
Isobavachalcone,
neobavaisoflavone

Chen et al., 1996
and
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bavachin

Corylinin

Ruan et al.,2007

7,4ʹ-dihydroxy-3ʹ-[(E)-3,7dimethyl-2,6-octadienyl]
isoflavone)

Daidzein,

genistein

and

Fruits

biochanin A
Psoralen,

Isopsoralen,

sophoracoumestan
neobavaisoflavone,

A,

Hsu et al., 2001

daizein

and uracil

(+)-Bakuchiol

Furanocoumarins
and Isopsoralen)

Rangari and Agrawal, 1992

(psoralen

Chintalwar et al., 1992
Roots

Other Phytoconstituents
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3ʹ-

Corylidin, corylifolinin,
oxide

corylin,

glucose,

psoralidin-2ʹ,

8-methoxy

Li

Jiashi,

psoralen,stigmasterol,

Medicine

neobavaisoflavone,

Shanghai

triacontane,

saponins,

daucosterol, and β-sitosterol-

ed.

Chinese

Identification.
Scientific

and

Technical Publishers,

2000-

6.

D-glucoside

Triacylglycerols,
monoacylglycerols,
diacylglycerols,
hydrocarbons,

free

fatty

Seeds

Zaka et al., 1989

acids, wax esters and polar
lipids
Unidentified long chain fatty
acids
Volatile

oil

(limonene,

Seeds

linalool, terpin-4-ol, geranyl
acetate and β-caryophyllene

Zehua Lu, 1987

Chemical structure of some of these phytochemicals are shown in Appendix VIII.

2.5. Bioactive potential of P. corylifolia
The plant has been used commonly in Ayurvedic and Chinese medicine. It is used as a
cardiac tonic, vasodilator, cytotoxic, anticancer agent, antihelmenthic and antibacterial
(Khushboo et al., 2009, Gidwani et al., 2011; Purkayastha and Dahiya, 2012). The seeds of P.
corylifolia are used as laxative, diuretic, aphrodisiac and diaphoretic in febrile conditions.
Ointment or paste has been prepared and used in Ayurveda to treat psoriasis, leucoderma, hair
loss, leprosy and eczema (Gidwani et al., 2010). P. corylifolia fruit is used as aphrodisiac and
also possess laxative property while roots are useful in dental caries. The leaves of the plant
have been used to cure diarrhea. In Japan, processed foods or pickles are
24

`

preserved with ethanolic extract of P. corylifolia (Qiao et al., 2007). Babu et al. (2011) found
that P. corylifolia extracts were used in treatment of different skin disorders including
psoriasis.
Active constituents of seeds of plant are essential oil about 0.05%, a dark brown resin of
8.6%, fixed oil, and traces of alkaloids. Different phytochemicals such as volatile oil, coumarins,
lipids, resins, chalcones, flavones, monoterpenoids phenols and stigmasteroids have been isolated
from P. corylifolia (Jiangning et al., 2005). Ethanolic seed extract of P. corylifolia showed potent
antibacterial activity against Staphylococcus aureus ATCC 25923 and S. epidermidis ATCC
12228 due to the bakuchiol an antibacterial agent (Dev et al., 1973). Katsura et al. (2001) reported
that ether extract of P. corylifolia seeds completely inhibited growth of Streptococcus mutans in a
concentration dependent manner due to monoterpene phenol, bakuchiol (20 μg/mL). Bakuchiol
also showed bactericidal effect on S. mutans against all bacteria possessing MICs of 1–4 μg/mL
and 5 to 20 μg/mL as the sterilizing concentration which depends upon temperature. Thus,
bakuchiol is a potent antimicrobial compound. Seeds of P. corylifolia contain psoralen,
bakuchicin, psoralidin and angelicin which possess significant antibacterial effect. Psoralidin
showed significant inhibition of Shigella sonnei and S. flexneri while psoralen and angelicin
showed very strong inhibition of the Gram

(+) S. aureus (Khatune et al., 2004). The estrogenic activity was evaluated for ethanolic fruit
extracts of P. corylifolia with EC50 at 120.6 μg/mL (Zhang et al., 2005).
The methanolic extract of seeds of P. corylifolia possessed significant antitumour activity
by exhibiting cytotoxic effect on KB, KBv200, K562, and K562/ADM cancer cells analyzed
by MTT assay. Fraction IV of extract significantly inhibited cancer cells in dose dependent
manner and exhibited IC50 values 21.6 μg/mL, 24.4 μg/mL, 10.0 μg/mL and 26.9 μg/mL
respectively. Psoralen and isopsoralen from fraction IV also showed anticancer activity
effected with concentration of dose with the IC50 values of 88.1 μg/mL, 86.6 μg/mL, 24.4
μg/mL and 62.6 μg/mL for psoralen and 61.9 μg/mL, 49.4 μg/mL, 49.6 μg/mL and 72.0
μg/mL for isopsoralen, respectively. They found that treatment with psoralen and isopsoralen
greatly enhances apoptosis of tumor cells and confirmed its induction by flow cytometry by
staining with Annexin V/PI (Wang et al., 2009). The psoralen, coumarins and isopsoralen
were reported in the chloroform extract of P. corylifolia L. exhibiting antitumor property
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against the BGC-823 cell proliferation with IC50 values of 5.82 μg/mL and 148.8 μg/mL for
psoralen and isopsoralen respectively (Guo et al., 2003).
Seed extract obtained from P. corylifolia has been found to result in reduction of
mitochondrial complex I level and proteasome activities as well as decrease in oxidative stress
besides its use in treatment of various skin disorders (Tang et al., 2007). Bakuchiol, a
phytochemical from P. corylifolia has been found to possess antitumour property in vitro
(Ryu et al., 1992). Lee et al. (2011) found that psoralen isolated from seeds of P. corylifolia
inhibits initiation of carcinogenesis and 12-O-tetradecanoylphorbol 13-acetate (TPA) induced
by quinine reductase and ornithine decarboxylase.
Powder, chloroform and ether extracts of P. corylifolia L. possess strong antioxidant
effects at high temperatures even at 100°C. The compounds corylin, psoralidin, bakuchiol and
corylifolin from P. corylifolia possess strong antioxidant activities while psoralen and
isopsoralen possessed no antioxidant activity at 0.02% and 0.04% levels in comparison to atocopherol and butylated hydroxytoluene (BHT) (Jiangning et al., 2005). Ethanolic extract
from seeds of P. corylifolia exhibited significant antimycobacterial activity against
Mycobacterium aurum and Mycobacterium smegmatis at 62.5μg/ml MIC (Newton et al.,
2002).

2.6. Antioxidant proteins/peptides
Increasing knowledge about damaging effect of free radicals present in our body from
different sources, and the ability of plant extracts to scavange these highly reactive oxygen
species (ROS) refered as antioxidant activity has urged the need to develope drugs with
antioxidant potential. Flavonoids, flavones, isoflavones, coumarin, anthocyanin, lignans,
catechins and isocatechins are found to be responsible for antioxidant activity in plants (Aqil
et al., 2006). Psoralea corylifolia is a rich source of isoflavones, daidzein and genistein. They
possess potential health-protective ability (neutraceuticals) and provide not only health
benefits but also prevent sex hormonal ailments, cardiovascular diseases and cancer (Shinde
et al., 2009).
Plants also contain some peptides in addition to these bioactive chemicals that exhibit
antioxidant activity. Antioxidant peptides are produced as a result of protein hydrolysis and
digestion. Wang et al. (2007) reported that Tyr, His, Lys and Trp possessed antioxidant
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properties. Peptides with Val and Leu at N-terminus are also reported with antioxidant
potential (Medina et al., 2012) while Tyr and Trp exert antioxidant properties when found at
the C-terminus. In-vitro antioxidant activity of wheat germ protein lysates evaluated through
different assay methods such as 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging,
the linoleic acid emulsion model system, ferrous ion-chelating activity and reducing power
was comparable to α-tocopherol (Zhu et al., 2006 ). Peptides from soy wheat gliadin and pea
proteins were also studied for their antioxidant potential (Pownall et al., 2010; Wang et al.,
2007). Jeong et al. (2010) reported that the lunasin was able to chelate Fe2+ ions, preventing
hydroxyl radical formation through a Fenton reaction. Wheat peptides have been found to
prevent the superoxide dismutase and glutathione peroxidase activity in intestinal epithelial
cells (IEC-6) at 0–2000 mg/L concentration (Yin et al., 2014). Liu et al., 2007 showed that
activation of the SIPK/Ntf4/WIPK cascade by pathogens actively promotes the generation of
ROS in chloroplasts, which plays an important role in the signaling for and/or execution of
HR cell death in plants. Enhanced activities of POD, CAT, APX, and SOD was observed in
Vicia faba leaves infected with bean yellow mosaic virus indicating that the ROS-scavenging
systems can have an important role in managing ROS generated in response to pathogens
(Radwan et al., 2010).
Isolation of different antioxidant peptides from plants are potential defense molecules
which fight against the oxidative burst. N o antioxidant proteins/peptides are studied yet from
P. corylifolia with and without fungal stress. Therefore, in present project the antioxidant
potential of proteinaceous and crude extracts of P. corylifolia under Fusarium solani stress
was evaluated.

2.7. Cytotoxic activity
Plant extracts have been used for treatment of different infectious diseases due to their
cytotoxic potential (ability to kill cells). Cytotoxicity of cancer cells have been reported from
many medicinal plants including P. corylifolia. Legume lectins are of great interest due to their
varied physiological roles in cell agglutination, anti-tumour, immunomodulatory, antifungal and
antiviral effects but they are produced in low amounts in the plant seeds. Genes responsible for
expression of these proteins work under specific circumstances. Patel (2014) produced a
recombinant lectin for pharmaceutical use especially for the treatment of cancer by
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cloning and subcloning of the Acacia 400bp gene from three different legume plant (Acacia
seyal and two species of Pisum sativum) RNA amplified by lectin gene primers. He also
performed cytotoxicity of the recombinant lectin on two cell lines such as breast cancer MCF7 and liver cancer HepG-2 cells. The Corydalis sp. tubers are a rich source of many
biologically active substances possessing analgetic, sedating, narcotic, anti-inflammatory,
anti-allergic and anti-tumour activities. Nawrot et al. (2010) isolated nucleolytic proteins from
the tubers of Corydalis cava and evaluated their cytotoxic activity in human cervical
carcinoma HeLa cells using XTT colorimetric assay. They found inhibitory effect on
mitochondrial activity of HeLa cells, with most pronounced effect at highest concentration of
the protein (167 ng/ml) - 43.45 ± 3%. They reported that from Mass spectrometry results for
the proteins of applied fractions showed presence of plant defense- and pathogenesis-related
(PR) proteins. Yodyingyong et al. (2013) studied the cytotoxic effect of each peptide fraction
obtained from protein hydrolysate of Euphorbia hirta Linn against a gastric carcinoma cell
line (KATO-III, ATCC No. HTB103) using colorimetric MTT assay. They found that two
purified peptide peaks at 100µg peptides mL-1 affected cell viability of the gastric cancer cell
lines to 63.85±4.94 and 66.92±6.46%, respectively.

2.8. Antifungal and Antibacterial proteins/peptides
Introduction of antibiotics improves health benefits in our life due to their antibacterial
property and are widely used to cure different ailments. However, due to development of
bacterial resistance against antibiotics and production of toxic reactions, antibiotics have
become less beneficial. Therefore, it has become necessary to search for new antimicrobial
agents with fewer side effects and less resistance. Drugs derived from natural sources possess
significant role in cure of diseases (Dubey et al., 2004). Antimicrobial peptides are naturally
occurring compounds isolated from plants with diverse nature and antimicrobial effect. They
have the ability to kill bacteria, fungi and cancerous cells. Due to these benefits of AMPs with
fewer side effects, a lot of research interest has been focused on isolation and characterization
of these AMPs from plants.
Antifungal Pathogenesis-Related proteins are of great biotechnological interest
because of their potential use as food and seed preservative agents and for engineering plants
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for resistance to phytopathogenic fungi (Dempsey et al., 1998). Various studies have revealed
that transgenic plants over-expressing genes of the PR-1, PR-2, PR-3, and PR-5 families
mediate host plant resistance to phytopathogenic fungi. Co-expression of multiple antifungal
protein genes in transgenic plants seems to be more effective than expression of single genes
(Bormann et al., 1999).
Tailor et al. (1997) isolated four peptides designated Ib-AMP1, Ib-AMP2, Ib-AMP3
and Ib-AMP4 from Impatiens balsamina seeds. They found that these peptides inhibited
growth of bacteria and fungi without showing any cytotoxic effects to human cells. They
found that peptides were the smallest plant derived AMPs consisting of 20 amino acids and
highly basic in nature with two intramolecular disulfide bonds formed between four cysteine
residues. They characterized the isolated cDNAs which showed that a single transcript
encoded all of the peptides. They predicted that Ib-AMP precursor protein consists of 6
mature peptide domains, each flanked by 16 to 35 amino acids followed by a prepeptide. They
found that all four peptides are very closely related to each other and possess molecular mass
of 2464.6, 2527.4, 2536.6 and 2522.6 Da for Ib-AMP1, -2, -3, and -4, respectively by mass
spectrometry. They assessed antifungal activity on 13 fungal strains using a standard
antifungal activity assay. In medium A, all four peptides showed similar levels of broad
spectrum activity with IC50 values of 10 mg/mL which was reduced with 1 mM CaCl2 and 50
mM KCl addition.
Berrocal-Lobo et al. (2002) isolated a peptide snakin-2 (StSN2) from potato (Solanum
tuberosum) tubers exhibiting antimicrobial activity (EC50 1–20 m). They found that mature
StSN2 encoded by cDNA is preceded by a 15-residue acidic sequence and a signal sequence.
They found mature StSN2 is basic with isoelectric point 9.16 and constitutes molecular mass
of 7,025bp. They studied that StSN2 gene is expressed during development in tubers, flowers,
stems, leaves and shoot apex but absent in roots. They also observed that wounding and
abscisic acid treatment locally up-regulated StSN2 gene expression. They also studied that
when potato tubers were exposed to the Botritys cinerea up-regulation of StSN2 gene
occurred while it was down-regulated when infected with Ralstonia solanacearum and
Erwinia chrysanthemi (virulent bacteria). They hypothesized that the StSN2 as part of both
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constitutive and inducible defense system and could be used as potent therapeutic agent
against fungal infection to avoid host invasion.
Jamil et al., (2007) found that the extracts of seven potential medicinal plants
including Psoralea corylifolia were tested against Aspergillus tamari, Rhizopus solani, Mucor
mucedo and Aspergillus niger. They performed ammonium sulphate precipitation and gel
filtration chromatography (Sephadex G-100) to purify plant extracts. They studied antifungal
activity by disc diffusion assay procedure and found that it was due to protein and peptides
because plant extracts treated with trypsin were found to lose their activity. Lectins play a
vital role in anti-tumour, antifungal, immunomodulatory, antiviral and cell agglutination
processes. Lectins from legumes are produced under specific conditions in low amounts in the
plant seeds. Patel (2014) produced a recombinant lectin protein with a potential to be used in
pharmaceutical industries and for cancer treatment. Patel amplified the lectin gene from RNA
isolated from three leguminous plants and two amplicons of 400 bp and 800 bp size were
amplified. Acacia 400 bp gene was cloned and transcribed in-vitro followed by protein
purification. He reported that lectin gene from P. sativum (wild plant) shared 90% similarity
to the P. sativum lect 1 while p. sativum (pea) shared 91% similarity with other lectins. Also
they found that Acacia lectin was 95% similar to Lotus japonicus nod factor binding gene.
Antimicrobial peptides and proteins are being produced by plants as their defense
proteins in response to pathogen attack. Different proteins possessing antimicrobial nature
have been isolated from plants and are one of the potential sources of drug discovery.
Therefore there is a need for search of these proteins/peptides from plants. Antimicrobial
potential of phytochemicals isolated from P. corylifolia are well evaluated and a few proteins
are reported with antifungal and antibacterial activity but no peptides/proteins with
antimicrobial and anticancer potential are studied from P. corylifolia under fungal stress.
Therefore, there is a need for isolation of antimicrobial proteins/peptides from P. corylifolia to
evaluate their antimicrobial potential.

2.9. Anticancer proteins/peptides
Cancer is one of the devastating diseases and leading cause of human death. Significant
research has been made to develope the chemotherapeutic drugs but the success rate was very
low. Development of chemotherapeutic drugs with few or no side effects is major focus of
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scientific research. Different Classification models (CMs) are predicted for biological
evaluation and optimal use of newly designed drugs (Dutt and Madan, 2012). Cytotoxic
activity of cationic antimicrobial peptides for cancerous cells has also increased the interest in
development of new anticancer agents. Electrostatic interactions between cationic
antimicrobial peptides and negatively charged cancer cells or bacterial cells results in cell
death (Hoskin and Ramamoorthy, 2008). Many antimicrobial peptides with anticancer
property have been isolated from plants to treat cancer (Nirmala et al., 2011).
Lower cancer risk and longer life is expected in populations consuming soybean and
large portion of plant products. Lunasin from soy protein is reported to cause suppression of
chemical and viral oncogene induced cancer (Hernandez-Ledesma et al., 2009). Also
Bowman-Birk protease inhibitor (BBI) from soybean is widely studied chemical substance
was found to play important role in prevention of lunasin degradation when administered
orally. Pinto bean and Yunnan bean (leguminous plants) and ginseng and buckwheat are one
of the good sources of bioactive peptides are reported to possess antiproliferative activity
(Leung and Ng, 2007). A 4 kDa peptide possessing antiproliferative activity against breast
cancer cells, leukemia and hepatoma cells has been discussed by Leung and Ng, 2007. Wang
et al. (2009) isolated a peptide of 6.8 kDa designated Limyin from Phaseolus limensis
exhibiting both antifungal and anticancer activity. They purified the peptide by extraction,
precipitation, affinity chromatography, ion exchange chromatography and gel filtration on
Superdex

75.

They

reported

that

N-terminal

sequence

of

peptide

was

KTCENLATYYRGPCF, highly homologous to defensin proteins and its precursors derived
from plants. The isolated peptide suppressed fungal growth potentially in Fusarium solani,
Alternaria alternata and Botrytis cinerea while no activity was found against Staphylococcus
aureus and Salmonella. Antifungal activity of peptide was retained up to 80°C. They also
reported its antiproliferative activity in neuroblastoma cells SHSY5Y and human liver
hepatoma cells Bel-7402.
Ye and Ng (2011) isolated a 17.5-kDa protease inhibitor (PI) from Chinese mini-black
soybeans using chromatographic techniques that showed trypsin and chymotrypsin inhibition at
IC50 values of 7.2 and 8.8 μM and found stable at pH 2 to 13 and from 0 to 70 ∘C. Another 25kDa hemagglutinin was purified using Superdex 75 that showed stability from pH 2 to 13 and
from 0 to 75 ∘C. They also found potential inhibition of hepatoma cells (IC50 = 35 and
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6.2 μM), proliferation of breast cancer cells (IC50 = 9.7 and 3.5 μM) and HIV-1 reverse
transcriptase (IC50 = 3.2 and 5.5 μM).
Hew et al. (2013) reported defense proteins like peroxidase, thaumatin-like proteins
and miraculin in Gaultheria procumbens leaves and investigated the bioactivity of gel
filtration fractionated proteins from leaf extract. They found that SN-F11/12, an active protein
fraction inhibited the growth of a breast cancer cell line, MDA-MB-231, at 3.8 µg/mL. They
found significant reduction in expression of proliferation markers (Ki67 and PCNA) and
invasion marker (CCL2) in SN-F11/12 treated MDA-MB-23 cells which suggest its use as
chemotherapeutic agent for breast cancer treatment. Badria (2014) reported that maximum
anticancer activity (greater than 5-FU) was shown by Momordica charantia crude protein
extracts among eleven different test plants extracts against HepG2, HEP-2, Caco-2, and HeLa
cells using MTT assay. They also characterized the selective growth inhibitory effect on
epithelial derived cell lines, HeLa, Caco-2 andHEP-2 except HepG2 and observed potent and
a selective anticancer activity in Lactuca sativa protein fraction against HepG2 but the exact
chemical nature of active fractions remained to be fully explored and elucidated.

2.10. Antimicrobial genes
Fungi are the major cause of agricultural productivity loss. More than 70% of all major
crop diseases are caused by fungi (Agrios, 2005). Worlwide agriculture losses are reported
around about 35% of annual production due to abiotic and biotic factors (Agrios, 2004).
Oerke and Dehne (2004) estimated that, worldwide, weeds caused up to 32% losses, animal
pests 18% and pathogens about 15%. To cope with this problem in addition to investigation of
antimicrobial proteins, the genes responsible for these defense peptides have been engineered
in plants. Chitinase and glucanase genes (antifungal genes) are potential candidates for
genetic engineering in plants to control the problems of fungal infections and development of
fungal resistant plants. Different genes have been isolated from plants and cloned to produce
fungal resistant varieties (Ceasar and Ignacimuthu, 2012).
Falak and Jamil (2013) found that plants respond to stress in part by modulating gene
expression either constitutively or in an inducible manner which ultimately leads to the
restoration of cellular homeostasis, detoxification of toxins, and recovery of growth. Upon
introduction to various elicitors such as pathogen-associated molecular patterns, a massive
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reprogramming of plant gene expression is initiated. They performed differential display PCR
for rapid and multiple comparisons of gene expression to various stress durations and
intensities. They found that Nigella sativa had many medicinal properties in traditional
medicine inuced Fusarium solani (a fungus) stress to explore the underlying molecular
mechanisms at different time interval ranging from 0 to 48 h. They synthesized DNA (cDNA)
followed by PCR using different sets of anchored primers and arbitrary primers from RNA.
They visualized expression by silver staining on urea- PAGE. They found that out of the 23
upregulated reamplified cDNA products, 10 differential fragments showed significant
homologies with domains related to cellular metabolism, signal transduction, and disease
resistance and concluded that these genes could be an informative source for developing
genetically improved breeds under infectious stress. Portieles et al. (2010) found that plant
defensins were small cysteine-rich peptides that inhibit the growth of a broad range of
microbes. They described NmDef02, a cDNA encoded putative defensin isolated from
Nicotiana megalosiphon upon inoculation with the tobacco blue mould pathogen Peronospora
hyoscyami f.sp. tabacina.
Cordero et al. (2012) demonstrated that Pseudomonas strains producing antimicrobial
secondary metabolites play an important role in the biocontrol of phytopathogenic fungi. They
isolated native Pseudomonas spp. from the rhizosphere, endorhizosphere and bulk soil of
maize fields in Córdoba (Argentina) during both the vegetative and reproductive stages of
plant growth. While diversity based on repetitive-element PCR (rep-PCR) and amplified
ribosomal DNA restriction analysis (ARDRA) fingerprinting was not associated with the
stage of plant growth. They also evaluated the antagonistic activity of the native isolates
against phytopathogenic fungi in vitro. Portieles et al. (2010) found that several strains
inhibited members of the genera Fusarium, Sclerotinia or Sclerotium and this antagonism was
related to their ability to produce secondary metabolites. They found that phylogenetic
analysis based on rpoB or 16S rRNA gene sequences confirmed that the isolates DGR22,
MGR4 and MGR39 with high biocontrol potential belonged to the genus Pseudomonas. Some
native strains of Pseudomonas were also able to synthesise indole acetic acid and to solubilise
phosphate, thus possess potential plant growth-promoting (PGPR) traits, in addition to their
antifungal activity. They concluded that it was possible to establish a relationship between
PGPR or biocontrol activity and the phylogeny of the strains and allowed the creation of a
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local collection of indigenous Pseudomonas which could be applied in agriculture to minimise
the utilisation of chemical pesticides and fertilisers. Asiegbu et al. (2003) discovered a new
family of antimicrobial peptide homologues termed Sp-Amp in Pinus sylvestris (Scots pine).
They first time reported such proteins to be characterized in a conifer species. They identified
Sp-AMP1 in a substructured cDNA library of root tissue infected with the root rot fungus
Heterobasidion annosum and encode a mature peptide of 79 amino acid residues. They found
that three additional members of the Sp-AMP family encode cysteine-rich proteins of 105
amino acids, each containing an N-terminal region with a probable cleavage signal sequence.
From Northern analysis they confirmed that Sp-AMP expression was elevated in Scots pine
roots upon infection with H. annosum. They found that these peptides share 64% amino acid
identity with a mature protein from Macadamia integrifolia (MiAMP1), which allowed them
to build a homology model for preliminary analysis. They studied from Southern analyses that
several copies of the gene are present in the Scots pine genome. They also studied the
potential significance of Sp-AMP in the H. annosum conifer pathosystem.
Many plants have been studied for their antimicrobial potential at genetic level.
Antimicrobial potential of phytochemicals from P.corylifolia seeds and different parts of the
plant are evaluated while there have been less focus on antimicrobial genes from P.
corylifolia. Therefore, there was a need to identify potent antimicrobial genes from P.
corylifolia. Present project was therefore designed for isolation of defensin genes from P.
corylifolia.
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Chapter 3

MATERIALS AND METHODS
The research was conducted in Molecular Biochemistry Lab, Department of
Chemistry and Biochemistry, University of Agriculture Faisalabad, Pakistan.

Materials
Bacterial strains
I.

Escherichia coli MBL-113B II.

Bacillus subtilis MBL-111B III.
Pasturella multocida MBL-114B IV.
Staphylococcus aureus MBL-112B
Fungal strains
I.

Fusarium solani MBL-116F

II. Trichoderma harzianum MBL-118F
III. Ganoderma lucidum MBL-117F IV.
Alternaria alternata MBL-115F
Reagents/Chemicals
All the chemicals were of high quality and were purchased from companies like
Sigma-Aldrich, Fluka, Biobasic, Fermentas, Thermo scientific, Merck, Pharmacia, Oxoid and
ICN.

3.1. Bioactive potential assays for seed and seedlings of Psoralea corylifolia
3.1.1. Collection of seeds
Seeds of Psoralea corylifolia were collected from local market in Faisalabad and were
identified/confirmed from Department of Botany, University of Agriculture, Faisalabad.

3.1.2. Germination of seeds of Psoralea corylifolia
The seeds were made dirt free with autoclaved distilled water thrice, and were
sterilized with 70% ethanol for 10 min, then with 5% sodium hypochlorite for 20 min and
finally washed with autoclaved distilled water. The seeds were germinated in sterilized Petri
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plates containing sterilized filter paper wetted with autoclaved distilled water under sterilized
conditions. The plates were placed in Artificial climate chamber (RTOP series) under
controlled condition of temperature maintained at 28° C to 25° C with photoperiod, light/dark
of 14/10 and humidity of 50-60 (Falak and Jamil, 2013).

3.1.3. Crude extraction of seeds and seedlings
The collected samples of seeds and whole seedlings of Psoralea corylifolia were minced
by pestle and mortar using liquid nitrogen to fine powder and weighed upto 5 g each in
sterilized centrifuge tubes. Caution was taken to avoid sample thawing. Then 15 µL of sodium
phosphate buffer (0.1 M, pH 7.4) was added followed by addition of 150 µL of 1 mм PMSF.
After mixing, the samples were homogenized with polytrone for 15 minutes with the interval
of 30 seconds. The homogenized samples were centrifuged at 10,000 rpm and 4 °C for 20
minutes. Supernatant containing crude extract was stored at -20 °C for further study (Falak
and Jamil, 2013).

3.2. Antioxidant activity assay
DPPH % RSA was measured by the method of Noor et al. (2014). 3 mL of plant
extract was mixed with 1.5 mL methanolic DPPH solution (0.02 mg/mL). The mixture was
incubated at room temperature for 15 min followed by measurement of absorbance at 517 nm
against standard. 5 mL of DPPH solution mixed with 2.5 mL of extraction buffer was used as
negative control (Ac) whilst ascorbic acid was used as standard. Each experiment was
performed in triplicates. % inhibition of DPPH radical was determined by following formula.
% inhibition = [Ac - absorbance of sample or standard/Ac] x100

3.3. Cytotoxicity test
Maintenance of cell lines
Two human cell lines, Hep2 and HFL1 were cultured in culture dish containing
minimum essential medium with Earl‘s Salt (MEM) and Ham‘s F12 medium respectively.
Both culture media were supplemented with nonessential amino acids and foetal bovine serum
(Whelan & Ryan, 2003). The culture dishes were incubated at 37 °C in a 5% CO2 incubator
for 72 h.
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3.3.1. Treatment of cell lines with Psoralea corylifolia extracts
The treatment of the cell lines with the crude plant extracts was carried out as
described by Badisa et al. (2004). When the cell growth was confluence, the cells were
harvested and then suspended in the appropriate growth medium (MEM or Ham‘s F12).
Approximately 5 x 104 cells were seeded onto wells of a flat bottom 96-well microtitre plate
and the plate was incubated at 37 ºC in a 5% CO2 incubator for 24 h. Serial dilution of the
plant extracts was done in the appropriate growth medium and each dilution was added in
quadruplicate to the culture wells. All culture plates were incubated in 5% CO2 incubator at
37 ºC for 72 h.

3.3.2. Cytotoxicity test of Psoralea corylifolia extracts
Determination of cytotoxicity of the plant extracts was carried out using the 3-4,5dimethylthiazole-2,5-diphenyl-tetrazolium bromide (MTT) method described by BetancurGalvis et al. (1999).

3.3.3. Estimation of IC50
The IC50

concentration, determined as an effective dose to reduce the growth to 50%
of the control value (50% inhibition of growth), was calculated by linear interpolation
(Becton, 2002). In this calculation, two test points that bracket 50% inhibition was determined
and the two percentages and the two concentrations were inserted into the following formula:
IC50 = [ ( (

)

)

(

)]

The IC50 is used to rank the potential risk of acute toxicity of plant extracts.

3.4. Mutagenicity test
3.4.1. Muta-chromplate kit
A commercial test kit, the Muta-Chromplate, was used to evaluate the mutagenicity of
the herbal extracts. The kit was purchased from Environmental Biodetection Products
Incorporation (EBPI, Ontario, Canada). This test kit was based on the validated Ames
bacterial reverse-mutation test (Ames et al., 1975) but was performed entirely in liquid culture
(fluctuation test).

3.4.2. Test bacterial strains
Two mutant strains, S. typhimurium TA98 and S. typhimurium TA100 were provided
by EBPI. These are most widely used in mutagenic assay of chemicals and extracts with
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cheap, reliable and rapid result production. TA98 strain is used for determination of the frame
shift mutation and TA100 is used to determine the base pair exchange. The bacteria were
maintained on nutrient agar at 3 ± 1ºC. The bacteria were inoculated in nutrient broth and
incubated at 37 ºC for 18 - 24 h prior to the test.

3.4.3. Chemicals
The following chemicals were purchased from EBPI: Davis-Mingioli salt (5.5 times
concentrated), D-glucose (40%, w/v), bromocresol purple (2 mg/mL), D-biotin (0.1 mg/mL),
and L-histidine (0.1 mg/mL). Two sterile standard mutagens were sodium azide (NaN3, 0.5
μg/100 μL) for S. typhimurium TA100 and 2-nitrofluorene (2-NF, 30 μg/100 μL) for S.
typhimurium TA98. All chemicals were kept at 3 ± 1ºC until used.
For test with metabolic activation, S9 metabolic activation components comprising of a
mixture of MgCl2 (0.4 м) and KCl (1.65 м), glucose-6-phospahte (1.0 м), nicotine amide dinucleotide phosphate (0.1 м), phosphate buffer (pH7.4) and rat liver extract were used.
Standard mutagen for test using metabolic activation was 2-amino-anthracene (2AA) (10
μg/100 μL). All chemicals were kept frozen until used.

3.4.4. Preparation of reagent mixture
Davis-Mingioli salt (21.62 mL), ᴅ-glucose (4.75 mL), bromocresol purple (2.38 mL),
D Dbiotin (1.19 mL) and L-histidine (0.06 mL) were mixed aseptically in a sterile bottle.

3.4.5. Preparation of S9 activation mixture
The S9 components were prepared by mixing MgCl2 and KCl, (0.4 mL), glucose-6phosphate (0.09 mL), nicotine amide di-nucleotide phosphate (0.81 mL), phosphate buffer
(9.98 mL), sterile distilled water (6.72 mL) and rat liver extract (2 mL) in a sterile bottle.

3.4.6. Mutagenicity assay
Reagent mixture, herbal extract, sterile distilled water, standard mutagen and S9
activation mixture were mixed in several bottles at the amount indicated Appendix I and were
inoculated with an overnight culture broth of S. typhimurium test strains. The content of each
bottle was dispensed into each well of a 96-well microtitration plate and the plate was
incubated at 37 ºC for 4 days.
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3.4.7. Interpretation of results and statistical analysis
Yellow or turbid wells were scored as positive while purple wells were scored as
negative. The extract was considered non-toxic to the test strain if all wells in the test plate
showed purple coloration. For a herbal extract to be mutagenic, the number of yellow well
had to be significantly higher than the number of yellow well in the ‗background‘ plate.

3.5. Confirmatory test for bioactive proteins and peptides
3.5.1. Proteinase K and heat treatment
The crude protein extract of Psoralea corylifolia seeds and seedlings was subjected to
proteinase K treatment and heat treated to confirm that activity was due to proteins and not
due to other chemicals present in the extract. To 100 µL sample, proteinase K (Fermentas)
was added upto final concentration of 1 mg/mL. Vortexed for a few seconds and incubated at
37 °C for 2 h. Then the sample was heated in dry bath at 100 °C for 5 minutes. For heat
treatment 100 µL of extracts were placed in dry bath at 100 °C for 1 h. The treated samples
were checked for antimicrobial activity by performing assay protocol for bacteria and fungi
(Sarnthima and Khammuang, 2012).

3.6. Antibacterial assay
3.6.1. Preparation of bacterial inoculum
Four bacterial species including Gram positive (Bacillus subtilis MBL-111B,
Staphylococcus aureus MBL-112B) and Gram negative (Escherichia coli MBL-113,
Pasteurella multocida MBL-1114) bacteria were selected. Innocula for the bacterial strains
were prepared by dissolving 1.3 g of nutrient broth (sigma) in 100 mL of distilled water and
pH was maintained before making the final volume in a 250 mL flask. Media were autoclaved
for 15 minutes at 121 °C. On lowering the temperature up to room temperature the media
were inoculated by picking a pure colony from respective preserved cultures on Petri plates at
4 °C and incubated overnight at 37 °C in the shaker with 120 rpm. The OD was calculated for
controlled activity assay.

3.6.2. Antibacterial activity assay
Antibacterial assay was performed by disc diffusion method. Nutrient agar was
prepared as discussed above in 3.6.1. On cooling the media was seeded with the test bacterial
inoculum (200 µL/ 100 mL) and poured into the plates. On solidification of media the discs (6
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mm) of Watman filter paper 1 were prepared by loading 20 µL crude samples, 5 µL
chloramphenicol (6 mg/mL) as positive control and 20 µL extraction buffers as negative
control were allowed to absorb completely and inverted on the plate with equal distance apart
from each other. The plates were incubated for 24 hours at 37 °C in an incubator and the
zones of growth inhibition developed were measured in millimeters with the help of a zone
reader. Each experiment was performed in triplicate (NCCLS, 2002).

3.7. Antifungal assay
3.7.1. Fungal inoculum preparation
Four fungal species were selected with pathogenic as well as non-pathogenic nature.
Innoculum for each fungal species Fusarium solani MBL-116F, Trichoderma harzianum
MBL-118F, Ganoderma lucidum MBL-117F and Alternaria alternata MBL-115F were
prepared by dissolving 3.0 g (sigma) of saboraud‘s medium in 100 mL of distilled water and
pH was maintained before making the final volume in a 250 mL flask. These were autoclaved
for 15 minutes at 121 °C. On lowering the temperature up to room temperature the media
were inoculated by picking a pure loop full (200 µL) from respective preserved cultures on
Petri plates at 4 °C, then incubated at 28 °C in the shaker for 48 hours at 120 rpm. The OD
was calculated for controlled activity assay.

3.7.2. Antifungal activity assay
Antifungal assay was performed by disc diffusion method. Potato dextrose agar (g/
100 mL) by sigma was prepared as discussed in 3.6.1. On cooling the media was seeded with
the test fungal inoculums (200 uL/ 100 mL) and poured into the plates. The discs of Watman
filter paper 1 were prepared by loading 20 uL samples on them and left to absorb it
completely and inverted on the plate with distance apart from each other. After 48-72 hours of
incubation at 28 °C the zones developed were measured. Each experiment was performed
with positive (5 uL of Fluconazol 25 mg/mL) as well as negative control (Extraction buffer)
in triplicate (NCCLS, 2002).

3.8. Protein extraction
Proteinaceous extracts of P. corylifolia seedlings under different post hour fungal
stress were obtained through TCA/ acetone precipitation/ phenol protocol described by
Rastegari et al. (2011).
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3.8.1. Fungal culture preparation
The pure culture of fungal strain of Fusarium solani was taken from the Department of
Chemistry and Biochemistry and verified from the Institute of Microbiology, University of
Agriculture, Faisalabad, Pakistan. Spores of F. solani were transferred to Saburoud‘s liquid
medium (sigma) under sterilized conditions and incubated in shaker at 28 ºC at 120 rpm. The
inoculum with 1× 105 spores/mL was maintained to infest P. corylifolia seedlings.

3.8.2. Fungal induction
The seedlings were subjected to fungal induction and harvested along with their respective
control samples after 0, 2, 4, 6, 8, 12, 24 and 48 hour post inoculation. Plant samples were
collected and preserved in liquid nitrogen prior to storage in -80 °C freezer for later use (Falak
and Jamil, 2013).

3.8.3. TCA/ acetone precipitation/phenol protein extraction protocol
Seedlings harvested at different intervals of post inoculation were ground to fine
powder in the presence of liquid nitrogen and protein was isolated according to the TCA/
acetone precipitation/ phenol protocol described by Rastegari et al. (2011).
In a sterilized centrifuge tube two grams of the fresh matter ground in liquid nitrogen
were mixed with 18 mL of chilled precipitation solution containing 10% TCA in acetone.
Then 12.6 µL β-mercaptoethanol was added and sample was homogenized for 30-40 seconds
by using polytrone. The supernatant was discarded after centrifugation at 13000 g for 15
minutes at 4 °C and the tube was filled with cold 80% methanolic ammonium acetate solution
followed by vortexing and centrifugation at 13000 g for 15 minutes at 4 °C. The pellet was
washed with 80% acetone solution, vortexed and centrifuged at 13000g for 15 minutes at 4
°C.
The pellet was dried with 99.9% pure nitrogen gas and 8 ml each of equilibrated phenol
and dense SDS buffer were added. Mixed by vortexing vigorously, incubated at 4 °C for 10
minutes and centrifuged at 13000g for 15 minutes at 4 °C. The upper phenol phase was
transferred to another sterilized centrifuge tube and filled with cold 100% 0.1 м methanolic
ammonium acetate solution, vortexed and incubated overnight at -20° C. Then centrifugation
was performed at 13000g for 20 minutes at 4 °C. The pellet was finally washed with cold
100% methanol and then with cold 80% acetone. The pellet obtained was lyophilized and
stored at -80 °C or dissolved in appropriate buffer for further studies.
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3.8.4. Protein estimation
Crude protein isolated by above described method was quantified by Bradford assay
using Bovine Serum Albumin (BSA) (Fig. 3.1) as standard (Bradford, 1976).

Absorbance at 595 nm.
Figure. 3.1. Standard curve of Bovine Serum Albumin by Bradford Method

3.8.5. Sodium Dodecyl Sulphate-Polyacrylamide gel electrophoresis (SDSPAGE)
Qualitatively the protein was analyzed by performing SDS-PAGE of all the extracted
crude and protein samples. SDS-PAGE (12%) was prepared as given in Appendix II.
The protein samples 15 uL were loaded in loading dye (Fermentas) and reducing agent
(Fermentas) after denaturing at 95 °C for 4 minutes. The gel was run at 120 V for 1 h and
stained in coommassie blue staining solution for one hour. The gel was destained in
destaining solution for 1 hour by changing the solution after every 15 minutes. Finally the gel
was documented in gel documentation system (Syngene, UK) under white light.

3.9. Screening of protein samples for antimicrobial activities
The protein samples were screened for antimicrobial activities using disc diffusion
assays (NCCLS, 2002).
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3.10. Minimum inhibitory concentration determination
3.10.1. Preparation of resazurin solution
The resazurin solution was prepared by dissolving a 270 mg tablet in 40 mL of sterile
distilled water. A vortex mixer was used to ensure that it was a well-dissolved and
homogenous solution.

3.10.2. Preparation of the 96 well plates
Plates were prepared under aseptic conditions. A volume of 100 μL of test material in
10% (v/v) DMSO or sterile water (usually a stock concentration of 1 mg/mL for purified
compounds and 10 mg/mL for crude extracts) was pipetted into first row of the plate. To all
other wells 50 μL of nutrient broth or normal saline was added. Serial dilutions were
performed using a multichannel pipette. To each well 10 μL of resazurin indicator solution
was added. Using a pipette 30 μL of 3.3 X strength isosensitised broths was added to each
well to ensure that the final volume was single strength of the nutrient broth. Finally, 10 μL
of bacterial suspension was added to each well to achieve a concentration of 5 × 105 cfu/mL.
Each plate was wrapped loosely with cling film to ensure that bacteria did not become
dehydrated. Each plate had a set of controls: a column with a broad-spectrum antibiotic as
positive control (usually ciprofloxacin in serial dilution), a column with all solutions with the
exception of the test compound, and a column with all solutions with the exception of the
bacterial solution adding 10 μL of nutrient broth instead.
The plates were prepared in triplicate, and placed in an incubator at 37 °C for 18– 24
h. The colour change was then assessed visually. Any colour changes from purple to pink or
colourless were recorded as positive. The lowest concentration at which colour change
occurred was taken as the MIC value. The average of three values was calculated and that
was the MIC for the test material (Nobmann et al., 2009).

3.11. Anticancer assay
Antitumour activity was evaluated by procedure followed by Noor et al. (2014). Fresh
culture of Agrobacterium tumefaciens was prepared by inoculation of 100 mL (1.3%)
autoclaved nutrient broth pH 7.4 with 10 uL of stock culture. This growth medium was left at
28 ºC for 48 h to get 5 ×109 cells per mL. Potatoes were surface sterilized for 20 min with
10% sodium hypochlorite solution and cut (5 × 5) mm by sterilized cork borer. Seven potato
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disks along with positive and negative controls in the center were placed in autoclaved Petri
dish containing 1.5% agar medium. Protein samples 300 uL of each was mixed with 50 uL of
cultured A. tumefaciens and poured 50 uL of each on the potato disks. The whole
experimental work was done in laminar air flow. Petri plates were incubated at 28 ºC for 21
days and discs were sprayed with Lugol‘s solution (potassium iodide 10% and Iodine 5% in
distiled water). Lugol‘s solution reacts with starch and produce deep blue-black color.
Tumours were counted under microscope after 20 min. Each sample was replicated for five
times. % inhibition was determined by the following formula:
% Inhibition= [1-No of tumours in sample/No of tumours in negative control] × 100

3.12. Protein purification
The protein samples were purified using the techniques dialysis followed by
ultrafilteration.

3.12.1. Dialysis
The method is simple and separation depends on diffusion. The sample is placed
inside a dialysis bag prepared from a tube made of semipermeable membrane. I used
prerinsed Spectra/Por Float-A-Lyzer G2 500-1000 MWCO 5 mL (G235051) ready-to-Use
laboratory dialysis devices featuring proprietary Ultra-pure Biotech Cellulose Ester (CE)
with Milli-Q® water.
Dialyzed the protein sample into 5 mм ammonium formate, pH 2.7. Prepared 5 mм
ammonium formate buffer, 1 L for every 15-20 mL concentrated material. Adjusted the
buffer pH to 2.7. Prior to dialysis, saved 10-50 mL dialysis buffer as a control. Performed
two dialysis steps, changing out the buffer in between; 1st dialysis for 4-6 h, then overnight
for second. Dialyzed with stirring at 4 °C. Following each dialysis step, save 10-50 mL of the
dialysis buffer as control.

3.12.2. Ultra-filtration
Molecular filtration (or ultra-filtration) is similar to dialysis. A membrane with
specific pore size is used to fractionate proteins. By using pressure or centrifugation force,
only the molecules smaller than the pore pass through the membrane. I used the ultrafiltration
membranes in Amicon® Ultra-15 devices contain trace amounts of glycerin, which can
interfere with the sample. Prepared Amicon Ultra-15 Centrifugal Filter Devices, 10000
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MWCO (Millipore, UFC9010024) to remove the glycerin. Prerinsed the device with buffer
or Milli-Q® water.
Added up to 15 mL of sample to the Amicon® Ultra filter device. Placed capped filter
device into centrifuge rotor; counterbalanced with a similar device. Using a swinging bucket
rotor, spinned the device at 4,000 × g maximum for approximately 15–60 minutes at 10 °C.
To recover the concentrated solute, inserted a pipettor into the bottom of the filter device and
withdraw the sample using a side-to-side sweeping motion to ensure total recovery. The
ultrafiltrate was stored in the centrifuge tube. High-MW material was also saved for later
analysis. It was stored at -80 °C.

3.13. Bioassay
A single colony of bacterial strain taken from the cultured plates was inoculated in 1X
Luria broth media in a sterile culture tube and incubated at 37 °C overnight at constant
shaking (250 rpm). Diluted this overnight culture upto 0.05 OD (600 nm). The outer ring of
96 well plate was left as blank to act as a control for contamination having 50 uL 1X LB, 50
uL 2X LB and 100 uL H20. All other wells contain 50 uL1X LB, 50uL 2X LB, 50 uL extract/
Blank (buffer) and 50 uL bacterial culture. Each sample had its fivefold dilutions (5-6), along
with three replicates each. Plate was then incubated at 37 oC at constant shaking (250 rpm).
Measured an initial reading immediately after plate preparation (0 h). Measured
readings after every hour upto 24 hours. Curve was plotted in MS Excel programme.

3.14. Gene isolation
3.14.1. DNA isolation
DNA was isolated from seeds of the plant using (FavorPrep Plant Genomic DNA
Extraction Mini Kit) kit method according to manufacturer protocol (Appendix III). Quality
of isolated DNA was checked on 0.8 % agarose gel electrophoresis.
Purified DNA was stored at -40 °C and absorbance was noted on Gel Quant pro
(Amersham Biosciences). Quantity of the DNA was determined by measuring absorbance at
260 nm and 280 nm (A260/A280). Integrity of DNA was checked on 0.8 % agarose gel. The
gel was stained in ethidium bromide staining solution and documented on Syngene gel
documentation system (Syngene, UK).
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3.14.2. Primer Designing
Universal defensin primers were designed from defensin sequences of different plants
available on NCBI and used for isolation of defensin genes from Psoralea corylifolia DNA.
Table: 3.1. Primers used for PCR.
Forward/reverse primers
F 5′-CTTGTCCTTCCTCTTCCT
Primer 1

R 5′-GCACCTGCCACTAACTA

F 5′-GGCTAAGTTTGCTTCCATC R
Primer 2

5′-ATACACTTGTGAGCAGGGAA

F 5′-ATATGCTGTCTGCCGCC
Primer 3

R 5′-GCTTGACGCAGTAGCAG

F 5′-GCGCGCAGATCTATACATTGAAAACAAAG
Primer 4

R 5′-ACTCGCAGATCTTTAACATGGGACGTAAC

F 5′-AGCTGAGATCTACAGAAGTTGTGCGAGAA
Primer 5

R 5′-AGCTGAGATCTCTGGGAAGACATAGTTGC

F 5′-CATTGATGCTCTCTGCTGCC
Primer 6

R 5′-GCAAAGCGTCAGCCAAAGT

F 5′-ACAGGTGCTGAAACTTC
Primer 7

R 5′-GCACAACATCTGCTACAC
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3.14.3. Polymerase Chain Reaction (PCR)
The PCR reactions were performed in triplets in the same thermo cycler (Biorad T100
thermal cycler) to minimize variations. By using both forward and reverse primers defensin
genes were amplified from plant DNA at optimized conditions. The PCR set up was as
follows: To a 0.1 mL microcentrifuge tube, added 3 µL DNA, 2.5 µL 100 µ M mixed dNTPs,
2.5 µL 10X buffer, 2.5 µL 25 mM MgCl2, 1 µL each primer, 0.5 µL Taq DNA polymerase,
brought the reaction mixture to 25 µL with nuclease free water and gently tapped to mix.
PCR reaction were run at following conditions: 95 °C for 3 min, 95 °C for 1 min, 47
°C±5 for 1 min (for different primer pairs), 72 °C for 1 min, 35 cycles followed by 10 min
final extension at 72 °C. 1.2 % agarose gel electrophoresis was performed to check the PCR
products.

3.14.4. Cloning of defensin gene
3.14.4.1. Ligation
The PCR amplified defensing gene was ligated into pTZ57R/T plasmid vector, with
following components (Table. 3.2.) into a 1.5 mL microcentrifuge tube following
manufacturer‘s protocol (InsTAclone PCR cloning Kit, Thermoscientific).

Table.3.2. Ligation mixture setup for ligation of defensin gene from Psoralea corylifolia
in plasmid vector pTZ57R/T
Serial No.

Components

Quantity

1

Plasmid vector pTZ57R/T

3 µL

2

Purified PCR fragment

6.5 µL

3

10 x ligation buffer

3 µL

4

PEG 4000 solution

3 µL

5

T4 DNA ligase, 5 µ

1 µL

6

Deionized water

Up to 13.5 µL

The reaction mixture was incubated overnight at 22 °C for maximum yield of useful
recombinants.
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3.14.4.2 Preparation of competent cells
E. coli strain DH5α was made competent according to procedure given in Appendix
IV.

3.14.4.3 Transformation
Five microliters of ligated mixture were added to 50 µL of competent cells in a
microcentrifuge tube and placed in ice for 30 min. The tube was heated in a water bath at 42
°C for 1.5 min, and transferred in ice for 2-5 min. One milliliter of LB-Medium (Appendix V)
was added to the sample and incubated at 37 °C for 1 h at 220 rpm. The tube was centrifuged
at 13,000 rpm for 2 min. 955 µL of the supernatant was discarded and the remaining 100 µL
sample was poured on an LB-Ampicillin agar plate (Appendix) containing IPTG and X-Gal
(40 µL of each). The plate was incubated overnight at 37 °C.

3.15. Statistical Analysis
The data were analyzed.
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Chapter 4

RESULTS

We are interested to know the defense proteins/peptides for their antimicrobial
potential. Plants are rich source of bioactive compounds and have been used to treat different
diseases for many years all over the world. Plants are in continuous exposure to biotic as well
as abiotic stress factors that effects the plant growth. Different pathogens including Fusarium
species are known to cause plant death (Dean et al., 2012). In response to such attack plants
exhibit synthesis of Phytoalexins, synthesis and activation of defense peptides/proteins along
with formation of reactive oxygen species, changes in cell membrane potential and cell death
due to hypersensitization. Increasing antimicrobial resistance against bacteria and fungi has
led to search for new more potent antimicrobials and optimization of different strategies.

4.1. Germination and fungal induction of P. corylifolia seedlings
Firstly, seeds of Psoralea corylifolia were surface sterilized with 70% ethanol and 5%
sodium hypochlorite solution and placed in Artificial Climate Chamber under controlled and
favorable conditions. Healthy seedlings of P. corylifolia were obtained after two weeks of
germination as shown in Fig 4.1. Fungal stress was induced by inoculating the seedlings with
Fusarium solani for different time intervals (0, 2, 4, 6, 8, 12, 24 and 48 h). The samples were
harvested to evaluate the antifungal and antibacterial activity of seedlings at different time
periods during growth. The time intervals were selected on the basis of previous data such as
accumulation of transcript was reported to occur after 1 hour of inoculation (Lee et al., 2008).
An earlier study demonstrated Fusarium gaminearum and Fusarium culmorum infection
showed extensive growth during 6, 24, and 72 h after induction without affecting wheat spikes
(Kang and Buchenauer, 2000).
Healthy seedlings of the plant were obtained under favorable growth conditions and
used to study the bioactive potential of the plant.
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Fig. 4.1. Two weeks old seedlings of Psoralea corylifolia: Seeds were germinated for 15
days (360 hours) and young seedlings were grown at optimum growth conditions in artificial
growth chamber.

4.2. Antimicrobial screening of crude extracts of P. corylifolia
Biological and chemical screenings are used for detection and isolation of new
bioactive compounds from plants (Hostettmann and Wolfender, 1997). The crude proteins
extracted from P. corylifolia seeds and seedlings were subjected to antifungal and
antibacterial screening through disc diffusion method (Bauer et al., 1966).
4.2.1. Antibacterial screening
To check the antibacterial potential, initial screening of crude extracts of seeds and
seedlings of P. corylifolia was carried out against bacterial strains including Bacillus subtilis,
Escherichia coli, Staphylococcus aureus and Pasteurella multocida. Seedlings and seeds were
harvested for crude protein extraction and antibacterial assay was performed along with
chloramphenicol as positive control.
The results of the initial screening of crude extracts are presented in Table 4.1. Seed
crude extract activity against bacterial test strains was found greater than the seedling crude
extract as indicated by an arrow in the Fig 4.2. To validate activity of crude protein extracts
whether it was due to proteins or due to some other compounds, the extracts were subjected to
proteinase K treatment. If activity of the extract was lost after proteinase K treatment, would
demonstrate that the activity was due to proteins.
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(a)

(b)
Fig. 4.2. Antibacterial assay of crude extracts from seeds and seedlings of P. corylifolia
against E. coli (a) and B. subtilis (b) Arrow represents the seed crude activity which is
higher than the seedling crude. Also smaller zone of inhibition due to proteinase K treatment.
The central disc represents the positive (+ve) control (chloramphenicol).
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Seed crude extract with proteinase K treatment showed reduced activity than without
proteinase K treatment but greater than the seedling crude extract treated with proteinase K;
positive control (chloramphenicol) and a negative control (water) were also run to compare
the activity.
Table 4.1: Zone of inhibition of P. corylifolia crude extracts determined by disc diffusion
assay against bacteria
Zone of inhibition (mm) ± S.D
Bacteria

Seed crude

Seed

Seedling

Seedling

Positive

Proteinase K

crude

proteinase K

Control

12.67±0.67fg

50.00±1.16a

Bacillus subtilis

17.33±0.67bcd 13.33±0.67efg 12.67±0.67fg

Escherichia coli

20.00±0.00b

14.00±0.00efg 14.00±0.00efg 16.00±0.00cde 47.33±0.67a

Staphylococcus

19.33±0.67b

14.00±0.00efg 15.33±0.67def 12.67±0.67fg

50.00±0.00a

18.67±0.67bc

13.33±0.67efg 12.00±0.00g

48.00±1.16a

aureus
Pasteurella

12.00±0.00g

multocida
Mean sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Letters represent
comparison among interaction means.
*Chloramphenicol was used as positive control for bacteria.

Antibacterial activity of crude extract of P. corylifolia seeds and seedlings was
determined at 30 µg/disc, positive control (Chloramphenicol) was also used at concentration
of 30 µg/disc. Antibacterial activity shown by P. corylifolia seed crude extract was greater
against E. coli and S. aureus recorded zone of inhibition of 20±0 mm and 19.33±0.67 mm
respectively than against B. subtilis and P. multocida which was 17.33±0.67 mm and
18.67±0.67 mm respectively. Same pattern of antibacterial activity was followed by seedling
crude extract against the bacterial test strains but activity shown by seed crude extract was
greater than the seedling extract. After proteinase K treatment the activity of the extracts was
decreased (Table 4.1). From these results it was concluded that decrease in activity of proteins
was due to degradation of proteins present in the extracts and not due to chemical compounds
52

`

present in crude extracts as both chemical compounds and proteins are reported to possess
antibacterial activity.
4.2.2. Screening for antifungal activity of crude extract of P. corylifolia
To check the antifungal potential of seeds and seedlings initial screening of crude
extracts of seeds and seedlings of P. corylifolia was carried out against fungal strains
Trichoderma harzianum, Fusarium solani, Ganoderma lucidum and Alternaria alternata.
Seeds and seedlings were collected for protein extraction and antimicrobial assay was
performed along with fluconazole as positive control for fungi (Table 4.2).
Table 4.2. Zone of inhibition of P. corylifolia crude extracts determined by disc diffusion
assay against fungi
Fungi

Zone of inhibition (mm) ± S.D

Seed crude

Seed

Seedling

Seedling

Positive

Proteinase K

crude

proteinase K

Control

Fusarium solani

20.81±0.01ab

17.00±0.29c

14.17±0.17de

12.00±0.23fg

20.00±0.40b

Ganoderma

14.17±0.17de

10.10±0.31hi

9.50±0.29i

7.50±0.29j

20.00±0.12b

15.03±0.15d

11.33±0.17gh

12.00±0.29fg

9.00±0.29i

22.00±0.00a

13.00±0.23ef

10.90±0.21gh

11.37±0.19gh

8.93±0.23i

13.50±0.38e

lucidum
Trichoderma
harzianum
Alternaria
alternate
Mean sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Letters represent
comparison among interaction means.

* Fluconazole was used as positive control against fungi.

Antifungal assay of crude extracts of seeds and seedlings showed inhibition of fungal
growth with moderate activity. Significant results were obtained with F. solani, which shows
zone of inhibition of 20.8±0.01 mm for seed crude extract which is almost similar to positive
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control and 14.17±0.17 mm for seedling crude extract. Ganoderma lucidum possessed smaller
zones of inhibition for seed and seedling crude extracts. While growth of Trichoderma
harzianum was also inhibited significantly for seed crude and seedling crude extracts. Activity
of both seed crude and seedling crude extracts were decreased significantly after proteinase K
treatment that again demonstrated that activity was due to the peptides. Proteinase K is broad
spectrum serine protease which digests proteins preferentially after hydrophobic amino acids.

4.2.3. SDS-PAGE of crude protein extracts of P. corylifolia
Crude protein extracted from the seeds and seedlings was subjected to SDS-PAGE
analysis which showed that large amount of protein was present in seeds while seedlings had
smaller amount of proteins (Fig 4.3). SDS-PAGE analysis also confirmed that the Proteinase
K treatment of the crude extracts resulted in degradation of some proteins (Fig 4.3).

Fig. 4.3. SDS-PAGE of P. corylifolia seeds and seedlings crude protein extracts and
extracts with proteinase K and heat treatment: For proteinase K treatment 100 µL of
sample was incubated with proteinase K (final conc. of 1 mg/ mL) at 37 °C for 2 h and then
heated at 100 °C for 5 min. For heat treatment 100 µL sample was incubated at 100 °C for 1
h. Prestained protein ladder (Fermentas) of 10-250 kDa was used as protein marker. The lanes
show protein ladder, seed crude extract, seed crude proteinase K treated, seed crude heat
treated, seedling crude proteinase K treated, seedling crude heat treated, seedling crude extract
from left to right.
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4.3. Antioxidant activity of P. corylifolia
Antioxidant potential of P. corylifolia was studied under Fusarium solani induction.
All the samples investigated showed significant antioxidant activity (Table 4.3). Seed crude
extract possessed more activity than seedling crude while 8 h control exract showed greater
activity than 8 h induced protein extract. Seed crude and seedling crude extracts showed less
antioxidant activity than 8 h control and induced extracts as compared to ascorbic acid
(positive control). Maximum antioxidant activity was possessed by 8 h control protein extract
(62%).
Table 4.3. Antioxidant activity of crude protein extracts of P. corylifolia

Treatments

Scavenging effect (%)

Seed crude

55.33±0.67C

Seedling crude

54.67±0.67C

8 hpi C

62.00±1.15B

8 hpi

61.33±0.67B

Positive control

82.30±0.17A

Mean sharing similar letter in a column are statistically non-significant (P>0.05). Letters represent
comparison among interaction means. Each value corresponds to mean of at least three independent
experiments.

It is concluded from the results in Table 4.3 that 8 h control protein extract of P.
corylifolia showed maximum antioxidant activity which might be due to presence of
antioxidant compounds like bakuchiol, corylin, corylifolin and psoralidin. Antioxidant activity
of P. corylifolia was not found to be enhanced with fungal stress as almost similar activity
was found in 8 h induced protein extract.
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4.4. Cytotoxic activity of P. corylifolia
In the present project crude extracts of seeds and seedlings of P. corylifolia were
evaluated for cytotoxic activity at 100 µg/mL concentration each against Hep 2 and HFL1
human cell lines. The results showed that cytotoxic activity of seed crude and seedling crude
extracts was non-significant as activity greater than 20 % is refered to be significant (Table
4.4). In comparison, seed crude extract showed greater activity (8.51%) than the seedling
crude extract (5.69%). However, according to results, 8 h control and induced protein extracts
had highly significant cytotoxic activity 87.91% and 91.24%, respectively.
Table 4.4. Cytotoxic activity of seeds and seedlings of P. corylifolia

Treatments

% Cytotoxicity

Seed crude

8.51±0.01E

Seedling crude

5.69±0.01D

8 hpi C

87.91±0.02C

8 hpi

91.24±0.00B

Positive control

99.87±0.03A

Mean sharing similar letter in a column are statistically non-significant (P>0.05). Letters represent comparison
among interaction means. Each value corresponds to mean of at least three independent experiments.

Significant increase in cytotoxic activity of 8 h induced protein extract as compared to
8 h control might be due to increased synthesis of some protein possessing cytotoxic property
against pathogens.

4.5. Mutagenic activity of P. corylifolia
Mutagenic activity of seed and seedling crude protein extracts of P. corylifolia was
evaluated. All samples were found to be non-mutagenic against two test strains of Salmonella
(TA98 and TA100) as shown in Table 4.5.
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Table 4.5. Mutagenic activity of crude protein extracts of P. corylifolia
Samples

TA98

TA100

Interpretation

Seeds

0

8

Non-Mutagenic

Seedlings

8

8

Non-Mutagenic

Background

14

17

-

K2Cr2O2

96

96

Mutagenic

H2 N3

96

96

Mutagenic

From mutagenic screening of P. corylifolia protein extracts during the current study, it
was found that they are non-mutagenic which assures their safety to use in pharmacological
formulations.

4.6. Protein extraction from different post hour treated seedlings
SDS-PAGE analysis of proteins extracted from different hour of post induction
showed that various peptides/proteins expressed in response to fungal stress in seedlings of P.
corylifolia (Fig 4.4). As no chromatographic separation was performed therefore, numbers of
proteins were observed in SDS-PAGE. Although a 9 kDa peptide and other proteins appeared
in SDS-PAGE of fungal induced samples were might be due to induction and expression of
some defense related genes in response to the fungal stress.
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0hC 0hI 2hC 2hI 4hC 4hI 6hC 6hI 8hC 8hI 12hC 12hI M

66.2
45
35
27
20
14.4
9.5
6.5
4.1

Fig 4.4. SDS-polyacrylamide gel electrophoresis of protein samples extracted from P.
corylifolia seedlings after different hour post induction of Fusarium solani: C=normal
seedlings, h=hour, I=Induced seedlings, M= Protein ladder (4.1-66.2 kDa). SDS-PAGE reveals
number of proteins present in the extracts possessing different molecular masss. Low molecular mass
might be defensing. The arrows show increased expression of ~ 9 kDa protein in 8 h induced and 12 h
induced protein extracts as compared to other post hour induced seedling extracts.

A 9 kDa peptide was over-expressed in 8 h induced and 12 h induced protein extract
(Fig 4.4) which might be result of some defensive activity in response to fungal stress. Native
PAGE of the extracted proteins was performed and the expressed protein was extracted from
gel and evaluated for antimicrobial activity. It was found that the peptide exhibited a strong
antifungal and antibacterial activity.

4.7. Antifungal activity of Protein exract
Crude protein extract of P. corylifolia and protein extracted from its seedlings at
different hours of post induction was subjected to in-vitro antifungal assay by disc diffusion
method. The crude protein extract showed significant antifungal activity against different
fungi (Table 4.2). Screening for selection of effective post hour induction to get strong
antifungal protein expression was done against F. solani, T. harzianum, A. alternata and G.
lucidum (Fig 4.5-4.8). For comparison, fluconazole was used as a positive control while the
buffer was used as negative control.
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Fig. 4.5. The effect of protein extracts of different post hour induced seedlings on
Fusarium solani growth

Discs 0, 2, 4, 6, 8, 12, 24 and 48 (30 uL each) are 0 hpi, 2 hpi, 4 hpi, 6 hpi, 8 hpi, 12

hpi, 24 hpi and 48 hpi samples respectively. ―C‖ along with same numerals indicates control seedling extract of
respective post hour induced seedling extract. Positive control (Fluconazole 150 µg) is placed in the center of plate.
Negative control (buffer 30 uL) is represented by –ive disc.
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Fig. 4.6. The effect of protein extracts at different post hour induction on growth of
Ganoderma lucidum:

Discs 0, 2, 4, 6, 8, 12, 24 and 48 (30 uL each) are 0 hpi, 2 hpi, 4 hpi, 6 hpi, 8 hpi, 12 hpi,

24 hpi and 48 hpi samples respectively. ―C‖ along with same numerals indicates control seedling extract of respective
post hour induced seedling extract. Positive control (Fluconazole 150 µg) is placed in the center of plate. Negative
control (buffer 30 uL) is represented by –ive disc.
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Fig. 4.7. The effect of protein extracts at different post hour induction on growth of
Trichoderma harzianum:

Discs 0, 2, 4, 6, 8, 12, 24 and 48 (30 uL each) are 0 hpi, 2 hpi, 4 hpi, 6 hpi, 8 hpi, 12

hpi, 24 hpi and 48 hpi samples respectively. ―C‖ along with same numerals indicates control seedling extract of
respective post hour induced seedling extract. Positive control (Fluconazole 150 µg) is placed in the center of plate.
Negative control (buffer 30 uL) is represented by –ive disc.

61

`

Fig. 4.8. The effect of protein extracts at different post hour induction on growth of
Alternaria alternata:

Discs 0, 2, 4, 6, 8, 12, 24 and 48 (30 uL each) are 0 hpi, 2 hpi, 4 hpi, 6 hpi, 8 hpi, 12 hpi,

24 hpi and 48 hpi samples respectively. ―C‖ along with same numerals indicates control seedling extract of respective
post hour induced seedling extract. Positive control (Fluconazole 150 µg) is placed in the center of plate. Negative
control (buffer 30 uL) is represented by –ive disc.

The protein extracted from different hour post induced seedlings were evaluated against
Fusarium solani showed that F. solani growth was inhibited almost with similar zones of
inhibition with all protein extracts. Maximum diameter of zone of inhibition (32.17±0.2 mm)
was attained for F. solani at eighth hour of post induction (Appendix VI). Growth of
Ganoderma lucidum was inhibited significantly by proteins extracted from all post hours
inductions but high activity was shown by 24 hpi sample (26.1±0.08 mm) followed by 8 hpi
(22.03±0.1 mm) and 48 hpi (22±0.08 mm) as compared to positive control with zone of
inhibition of 19.87±0.2 mm. Antifungal activity was increased as the hours of post induction
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were increased and 4 hpi, 6 hpi and 8 hpi showed greater inhibition of G. lucidum than 0 hpi
and 2 hpi protein extracts. It is concluded from these results that some antimicrobial proteins
are synthesized in response to fungal exposure as these results show more antimicrobial
potential against G. lucidum than shown by the crude extracts given in Table 4.2.
Antimicrobial assay of these protein extracts against T. harzianum showed a continuous
increase in activity up till 8 hpi and then decrease in activity was observed. So, the maximum
activity shown at 8 hpi possesses a halo of 24.1±0.1 mm which is greater than the halo of
control (21.9±0.1 mm).
It is concluded from the results that all test fungal strains were inhibited significantly
by different protein extracts (Fig. 4.9). F. solani showed maximum activity at 8 h post
induced protein extract. G. lucidum showed maximum inhibitory activity at 24 h post induced
protein extracts but 8 h post induced protein extracts also showed significant activity. T.
harzianum and A. alternata exhibited significant activity at 8 h post induced protein extract.
The activity was might be due to expression of some antifungal proteins which were
expressed in response to fungal induction.
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Fig 4.9. Graphical representation of zones of inhibition by different hour post induced (hpi)
seedlings and untreated (C) seedlings of P. corylifolia protein extracts against fungi.
Each bar represents the diameter of zone of inhibition (mm) with standard deviation. Pos C:
Flucnazole (positive control), Neg C: water (negative control). All extracts possessed varied activity
against fungi while on average maximum zone of inhibition (ZI) was shown by 8hpi against all test
fungal strains.
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4.8. Antibacterial activity of protein extracts
Antibacterial activity of the proteins extracted by TCA/phenol/acetone method from
seedlings of different post hour inductions was evaluated by disc diffusion assay against B.
subtilis, S. aureus, P. multocida and E. coli (Fig 4.10-4.13) Graphical representation of
antibacterial screeing is shown in Fig 4.14.

Fig. 4.10. The effect of protein extracts at different post hour induction on growth of
Escherichia coli:

Discs 0, 2, 4, 6, 8, 12, 24 and 48 (30 uL each) are 0 hpi, 2 hpi, 4 hpi, 6 hpi, 8 hpi, 12 hpi, 24 hpi

and 48 hpi samples respectively. ―C‖ along with same numerals indicates control seedling extract of respective post
hour induced seedling extract. Positive control (Chloramphenicol (5µl), 6mg/mL) is placed in the center of plate.
Negative control (buffer 30 uL) is represented by –ive disc.
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Fig. 4.11. The effect of protein extracts at different post hour induction on growth of
Bacillus subtilis:

Discs 0, 2, 4, 6, 8, 12, 24 and 48 (30 uL each) are 0 hpi, 2 hpi, 4 hpi, 6 hpi, 8 hpi, 12 hpi, 24 hpi

and 48 hpi samples respectively. ―C‖ along with same numerals indicates control seedling extract of respective post
hour induced seedling extract. Positive control (Chloramphenicol (5µl), 6mg/mL) is placed in the center of plate.
Negative control (buffer 30 uL) is represented by –ive disc.
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Fig. 4.12. The effect of protein extracts at different post hour induction on growth of
Staphylococcus aureus:

Discs 0, 2, 4, 6, 8, 12, 24 and 48 (30 uL each) are 0 hpi, 2 hpi, 4 hpi, 6 hpi, 8 hpi, 12

hpi, 24 hpi and 48 hpi samples respectively. ―C‖ along with same numerals indicates control seedling extract of
respective post hour induced seedling extract. Positive control (Chloramphenicol (5µl), 6mg/mL) is placed in the
center of plate. Negative control (buffer 30 uL) is represented by –ive disc.
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Fig. 4.13. The effect of protein extracts at different post hour induction on growth of
Pasteurella multocida: Discs 0, 2, 4, 6, 8, 12, 24 and 48 (30 uL each) are 0 hpi, 2 hpi, 4 hpi, 6 hpi, 8 hpi, 12

hpi,

24 hpi and 48 hpi samples respectively. ―C‖ along with same numerals indicates control seedling extract of respective
post hour induced seedling extract. Positive control (Chloramphenicol (5µl), 6mg/mL) is placed in the center of plate.
Negative control (buffer 30 uL) is represented by –ive disc.

It was observed that E. coli growth was inhibited significantly with almost similar
zone of inhibition with little variation by protein extracts of different hour post induced (hpi)
seedlings of P. corylifolia. Maximum zone of inhibition of 14.67±0.5 mm was possessed by
eighth hpi seedling. The growth of B. subtilis was also inhibited effectively by different hour
post induced seedlings of P. corylifolia. Antibacterial activity of the extracts increased and
maximum zone of inhibition was attained by eighth hour post induced sample (14.3±0.2 mm)
(Data given in Appendix VII). After this the activity decreased and again increased at 48 hpi
(13.9±0.08 mm).
Antibacterial assay against P. multocida showed that size of zone of inhibition was
increased and 4, 6 and 8 hpi protein extracts of seedlings showed almost similar zones of
inhibition (18.23±0.2 mm). After this the diameter of zone of inhibition was decreased. S.
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aureus growth was also inhibited potentially and maximum zone of inhibition shown by 12
and 24 hpi protein extracts were 16.1±0.1mm and 16.2±0.1 mm, respectively (Appendix VII).
It is concluded from the above results that significant inhibition of growth was shown
by all protein extracts but strong antibacterial activity was possessed by 8 hpi protein extracts
against all bacterial strains. Therefore, 8 hpi samples were selected for further investigation of
minimum inhibitory concentration. The inhibitory activity of protein extracts against test
bacteria might be due to presence of defense protein expressed in response to fungal stress.
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Fig 4.14. Graphical representation of zones of inhibition by different hour post induced
(hpi) seedlings and untreated (C) seedlings of P. corylifolia protein extracts against
bacteria. Each bar represents the diameter of zone of inhibition (mm) with standard deviation. Pos
C: Chloramphenicol (positive control), Neg C: water (negative control). All protein extracts of P.

corylifolia showed activity against bacteria and on average strong inhibition was possessed by
8 hpi protein extracts against test bacteria.
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From graphical data it is concluded that protein extracts of different hour post induced
seedlings of P. corylifolia inhibited the growth of the test bacterial strains but varied among
each other. B. subtilis growth was inhibited by all protein extracts with almost similar zone of
inhibition while P. multocida growth was highly inhibited by 4 hpi protein extract and S.
aureus maximum inhibition was observed at 6 hpi protein extract. E. coli was also found
sensitive to all protein samples but maximum zone of inhibition was shown by 8 hpi protein
sample. While as test strains were inhibited significantly at 8 hpi, therefore it was selected for
further minimum inhibitory concentration evaluation.

4.9. Minimum inhibitory concentration (MIC) of protein extracts
Minimum inhibitory concentration (MIC) determines the least concentration of the
protein extracts required for growth inhibition of microorganisms.
4.9.1. MIC of bacteria
Minimum inhibitory concentration of the protein was determined by microplate
bioassay with chloramphenicol (positive control) and media broth with water (negative
control) for each bacterial test strain. Microplate bioassay was conducted at 37 °C for 24 h.
Fig 4.15 shows varied growth inhibition of bacterial strains. All bacterial strains growth was
inhibited effectively in all bacterial strains when compared with chloramphenicol (positive
control). Out of four test bacterial strains S. aureus was strongly inhibited at minimum
concentration followed by B. subtilis.
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Fig 4.15. Microplate bioassay for MIC determination of protein extracts against test
bacteria:

a) Bacillus subtilis b) Staphylococcus aureus c)Escherichia coli d)Pasteurella multocida: MIC was

determined after 24 hours incubation at 37oC. MIC established against each bacteria is shown by parenthesis. Ist row:
8 h control, 2nd row: 8 h Induced, 3rd row: positive control (chloramphenicol), 4th row: negative control (water).
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All bacterial test strains growth was inhibited at 0.25 µM concentration except S.
aureus which showed MIC of 0.125 µM. It is concluded that antibacterial activity of the
protein extracts against bacterial strains significant variation in susceptibility of bacteria to
protein extracts might be the reason for varied expression of antimicrobial proteins or
chemicals possessing antibacterial activity.
4.9.2. MIC of Fungi
Minimum inhibitory concentration of proteins against fungi was determined by
microplate bioassay with fluconazole as positive control and media broth with water as
negative control. Microplate was incubated at 28 °C for 48 h. Fig 4.16 shows minimum
inhibitory concentration of protein extracts against fungi. Out of four test fungi F. solani and
T. harzianum were inhibited strongly. From our results A. alternata and G. lucidum were also
found susceptible to the protein extracted from P. corylifolia at selected hour of post
induction. The differential response might be due to compositional differences among cell
walls and cell membranes among the test organisms.
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(d)
Fig 4.16. Microplate Bioassay for MIC determination of P. corylifolia protein extracts
against test fungi: a) Trichoderma harzianum, b) Ganoderma lucidum, c) Alternaria alternata and
d) Fusarium solani. MIC was determined after 48 hours incubation at 28oC. MIC established against each
fungus is shown by parenthesis. Ist row: 8 h control, 2nd row: 8 h Induced, 3rd row: positive control
(fluconazole), 4th row: negative control (water).
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4.10. Dialysis and Ultrafiltration
Selected protein samples were subjected to dialysis and ultrafiltration and activity of
purified peptides was checked after each hour against E. coli. The optical density was
increased after every hour and 8 hpi protein extracts showed greater activity than 8 hpi control
in each assay (Fig. 4.17). Streptomycin was used as positive control. After filteration, there
was decrease in activity of protein against bacteria which suggests either loss of protein
during filteration or degradation of protein after filteration. The crude protein isolated from P.
corylifolia was dialysed and the activity of filtrate and residue was checked by MIC. The
bacterial growth increased as the time increased. It was observed that a proportional
relationship was found between time and loss in antimicrobial activity of the residue (Fig
4.18).

Fig. 4.17: Activity of purified peptides from Psoralea corylifolia after
dialysis and ultrafiltration.
The antimicrobial activity against microorganism seems to be consistent after fourth
hour. The control samples show decreased activity than the induced sample (8 hpi) which
suggests that activity might be due to some proteins expressed in response to fungal stress.
Decrease in protein activity was observed after each time interval against E. coli while 8 hpi
protein extract showed greater activity than the 0 hpi as measured OD was less for 8 hpi
protein extract than 0 hpi protein extract. Different positive controls were used for comparison
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including urea/thio double and streptomycin. It was concluded that loss of protein activity was
observed with increasing time interval.

Fig 4.18: Activity of Psoralea corylifolia residue after dialysis and
ultrafiltration
Decrease in protein activity was observed after each time interval against E. coli while
8 hpi protein extract showed greater activity than the 0 hpi as measured OD was less for 8 hpi
protein extract than 0 hpi protein extract. Different positive controls were used for comparison
including urea/thio double and streptomycin. It was concluded that lose of protein activity was
observed with increasing time interval due to increased bacterial growth and also the
increased activity of 8 hpi than 0 h seedlings suggests the presence of some defensive proteins
expressed in response to fungal stress.

4.11. Anticancer activity
Anticancer activity of crude extracts of seed and seedlings of P. corylifolia and
selected post hour induced protein extracts was evaluated by potato disc antitumor assay. The
discs were prepared with extracts and placed on agar medium inoculated with A. tumeficians
and incubated in dark for 21 days. Staining potato discs with lugol‘s solution clarifies tumor
visualization under dissecting microscope.
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Antitumour potato disc assay of P. corylifolia seeds and seedlings extracts and
different hours of post induction extracts with F. solani showed excellent antitumor activity
greater than 20% inhibition. Maximum tumor inhibition (85%) was possessed by seed crude
with 7.5±2.02 tumor formation followed by 8 hour post induced protein extract of P.
corylifolia seedlings which exhibits 74% tumor inhibition.
Seed extract of P. corylifolia have been reported to inhibit EAC ascitic tumour growth
in mice and stimulated apoptosis, antibody-dependent cellular cytotoxicity, antibody-forming
cells and the antibody complement-mediated cytotoxicity during tumour development Latha
et al. (2000).

Table. 4.6. Antitumor activity of crude and induced extracts of P. corylifolia
Treatments

No. of Tumors

% inhibition

Seed crude

7.50±2.02CD

85

Seedling crude

17.50±0.29BCD

65

0 hpi C

27.00±9.24B

46

BC

22.00±3.46

56

8 hpi C

15.50±1.44BCD

69

8 hpi

13.00±1.15BCD

74

Positive C*

2.50±0.29D

96

Negative C

50.00±2.89A

0

0 hpi

*Vincristine was used as positive control for antitumor assay and water as negative control.
Mean sharing similar letter in a column are statistically non-significant (P>0.05). Letters represent
comparison among interaction means.
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(a)
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(d)

(c )
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(g)

(f)

(h)

Fig. 4.19. Effect of protein extracts from P. corylifolia on tumor formation
by A. tumefacians: 50 µL sample (50 µL A. tumefacians + 300 µL extract) was loaded on
each surface sterilized potato discs with 20 % sodium hypochlorite, incubated for 21 days at
28 C in dark. Discs were stained with lugol‘s solution prior to visualization under dissecting
microscope. Number of tumors was counted on each disc. a) Vincristine(positive control), b)
water (negative control), c) 8 hpi seedling, d) 8 hpi control, e) 0 hpi seedling, f) 0 hpi control,
g) seed crude, h)seedling crude.
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4.12 Defensin gene isolation from P. corylifolia
4.12.1 DNA isolation from P. corylifolia
P. corylifolia seeds were ground in the presence of liquid nitrogen to fine powder.
DNA was extracted by kit method (Favorgen DNA isolation kit) and quality of isolated DNA
was checked on 0.8% agarose gel (Fig 4.20)

bp

1 Kb DNA
Ladder

DNA

10,000
4000
2500
1500
1000

Fig. 4.20: DNA isolated from P. corylifolia: Lane 1 shows 1kb DNA ladder, Lane 2 shows
DNA isolated from P. corylifolia

4.12.2. Polymerase chain reaction and cloning
The DNA isolated from P. corylifolia seeds was used to perform polymerase chain
reaction (PCR). Seven sets of universal defensin primers (Table 3.1) were designed from
which PCR amplification was achieved (Fig 4.21) for defensin genes given in Table 3.1.
Successful amplification was achieved by four sets of primers (set 2, 3, 6 and 7). Primer set 2
amplified three fragments out of which two were cut and cloned in pTz/R vector. Primer set 3
resulted in amplification of four fragments out of which two were cloned in cloning vector
pTz/R. Both primer set 2 and 3 produced results at same Tm, 52 °C.
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(a) Primer set 1 and 2 results
Set6
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(b) Primer set 3 results

set7 1kb L

1600 bp

1300 bp

800 bp

900 bp

450 bp

350 bp

350 bp

(c ) Primer set 6 results

(d) Primer set 7 results

Fig 4.21: PCR amplification of P. corylifolia DNA with defensin primer sets
Fragments amplified possessing different molecular weight from different primer sets is
shown.
PCR amplification of P. corylifolia DNA by universal defensin primers amplified 350, 450
and 900 bp fragments from primer set 2 out of which two (350 and 450 bp) were cloned in
pTZ57R/T vector. While primer set 3 amplified a 150 and 900 bp fragment. Both fragments
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were purified from gel and cloned in pTZ57R/T vector. Primer set 6 amplified 300 bp, 800 bp
and 1300 bp fragments out of which only 300 bp fragment was cloned. From set 7 four
fragments were amplified out of which two (350 bp and 450 bp) were cloned in cloning vector
(pTZ57R/T).
Different amplicons were amplified from DNA of P. corylifolia and six were cloned
in cloning vector ( pTz57R/T) ranging in size from 350-1300 bp which could be further used
for sequencing and expression studies.
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Chapter 5

DISCUSSION

Antimicrobial properties of medicinal plants are being increasingly reported from
different parts of the world. Also, search of potent antimicrobial proteins/peptides from plants
are gaining importance due to less side effects and resistance of pathogenic microorganisms
against conventional antibiotics. Therefore, there is a need to study antimicrobial potential of
plants under biotic stress. In present project, the seeds of Psoralea corylifolia were grown
under favourable conditions in Artificial Growth Chamber. The seedlings were harvested after
almost 15 days of germination. These freshly grown seedlings and seeds of Psoralea
corylifolia were evaluated for their antibacterial, antifungal, anticancer, cytotoxic, mutagenic
and antioxidant potential. For confirmation of presence of antimicrobial proteins/peptides, the
crude protein extracts were subjected to proteinase K and heat treatment and evaluation of
antimicrobial activity was performed. Also the proteinaceous extracts obtained by
TCA/Phenol/Chloroform extraction method from freshly grown seedlings infested with
Fusarium solani for different time periods including 0, 2, 4, 6, 8, 12, 24, and 48 h were
studied for their antimicrobial activity. The extract with maximum antibacterial and anticancer
activity (8 h post induced) was selected for further evaluation of anticancer, cytotoxic,
antioxidant and mutagenic potential. SDS-PAGE analysis was also performed for seed and
seedling crude extracts and their proteinase K and heat treated samples as well as for
proteinaceous extracts of induced (0-48 h) seedlings of P. corylifolia. Also the defensin genes
were isolated by amplification through defensin primers. Genes of different molecular mass
were isolated by four different sets of primers.
5.1. Antimicrobial screening of crude extracts of P. corylifolia
Antimicrobial activity of P. corylifolia seeds and seedlings crude extracts was
evaluated through disc diffusion assay.
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5.1.1. Screening of P. corylifolia crude extracts for antibacterial activity
Antimicrobial assay of crude seed and seedling extracts of P. corylifolia against
Bacillus subtilis, Escherichia coli, Pasteurella multocida and Staphylococcus aureus showed
maximum activity against E. coli and S. aureus with inhibition zone of 20±0.0 mm and
19.33±0.67 mm respectively. Seed crude extracts exhibited greater activity against test
bacterial strains as compared to seedling crude extracts which might be due to greater protein
content or potent chemicals in seeds than seedlings as revealed by SDS-PAGE. The proteinase
K treatment of seed and seedling crude extracts showed decrease in their zones of inhibition
suggesting that the activity was might be due to some proteins/peptides present in crude
extracts of plant. However, less difference in activity was found between the crude extracts
with and without proteinase K treatment which might be due to some inhibitory action of the
extract against the proteinase K (Yang et al., 2006). Crude seed and seedling extracts
subjected to heat treatment showed little or no activity against bacteria which shows that there
might be denaturation of proteins at such high temperature which resulted in loss of activity. It
also confirmed that the activity was due to peptides/proteins and not due to organic
compounds. Complete loss of antimicrobial activity is reported at 50 °C of purified peptides
S4 and S5 while P7 lost at 70 °C from pod of Pisum sativum L. possessing activity against
Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli and Salmonella typhi
(Rehman and Khanum, 2011).
From SDS-PAGE it was observed that proteinase K activity resulted in
degradation/loss of protein while heat treatment completely denatured the protein which
explains the reason for decrease in activity of extracts against bacteria after proteinase K
treatment while complete loss of activity after heat treatment. Partial hydrolysis of Bauhinia
acuminata L. seeds crude protein extracts is reported through tris-tricine SDS-PAGE after
pronase and proteinase K treatment (Phansri et al., 2011). They also reported loss of
antimicrobial activity after pronase and proteinase K treatment through disc diffusion assay.
5.1.2. Screening of P. corylifolia crude extracts for antifungal activity
Seed and seedling crude extracts were evaluated for antifungal activity against four
fungi including Fusarium solani, Trichoderma harzianum, Ganoderma lucidum and
Alternaria alternata. Seed crude extract showed more potential against F. solani with
maximum zone of inhibition of 20.81±0.01 mm diameter. While in case of seedling crude
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extract maximum activity was shown against F. solani possessing zone of inhibition of
14.17±0.17 mm. Similarly as in antibacterial assay, the seed crude extracts showed greater
activity than the seedling crude extracts against test fungi which might be due to presence of
some potent chemicals as well as proteins/peptides. The proteinase K activity resulted in
decrease in antifungal activity which might be due to protein degradation/loss while heat
treatment caused denaturing of proteins resulting in complete loss of activity after heat
treatment. Shahid (2007) found loss of antifungal and antibacterial activity in crude plant
extracts treated with proteinase K, trypsin and heat which confirmed that the activity was due
to prteins/peptides present in the crude plant extract.

5.2. Antioxidant activity of P. corylifolia
DPPH radical scavenging assay of crude protein extracts and purified protein extracts
revealed that the antioxidant activity was higher in purified protein extracts as compared to
crude seed and seedling extracts. Almost similar antioxidant activity was observed under
fungal stress as without stress. Higher activity of protein extracts as compared to crude protein
extracts migt be due to greater protein content. Petchiammal and Hopper (2013) reported free
radical scavenging activity in proteins of legume seeds due to higher total protein content.
They found strong DPPH radical scavenging activity in horse gram (black) followed by
cowpea (brown), horse gram (brown), common bean (light pink), common bean (dark brown),
masur (black) and green gram of 56.5%, 54.4%, 53.3%, 39%, 37.1%, 34.7% and 33.9% with
high protein content. In comparision to these results, our protein extracts of 8 h control and
induced (8 hpi) of P. corylifolia seedlings exhibited greater activity than above mentioned
legumes while seed crude extract showed almost similar activity to the cowpea (brown). Oboh
(2006) also found good reducing power activity in cowpea (brown) and common beans
(brown and light pink). Radwan et al. (2010) observed higher MDA (malondialdehyde) and
H2O2 concentrations in Vicia faba leaves infected with bean yellow mosaic virus.
Many antioxidant proteins have been isolated and characterized from plants parts
possessing effective radical scavenging activity. Proteins of 32 kDa and 35 kDa were isolated
from Olanum torrum seeds and Murraya koenigii L leaves possessing antioxidant activity
(Sivapriya and Leela, 2007; Ningappa and Srinivas, 2008). Chethankumar and Srinivas (2008)
reported a 14 kDa protein turmerin from Curcuma longa (turmeric) exhibiting antioxidant and
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anti-inflammatory activity. Allhorn et al. (2005) reported that reducing property possibly by
antioxidants could be an antioxidation defense mechanism.
It is concluded that purified protein extracts from P. corylifolia with high antioxidant
activity could be natural source of therapeutic use for human health.

5.3. Cytotoxic activity of P. corylifolia
Cytotoxic potential of different plants have been revealed for search of safe and
effective cytotoxic agents. Phytochemicals with cytotoxic activity have been reported from P.
corylifola (Song et al., 2013; Woongchon et al., 2001; Ryu et al., 1992) while cytotoxic
potential of proteins/peptides under fungal stress was investigated for the first time in the
present study. Cytotoxic activity evaluation of seed crude, seedling crude, 8 hpi Control
(protein extract from seedlings without fungal induction) and 8 hpi revealed significant
cytotoxicity shown by 8 h post induced proteinaceous extract of P. corylifolia seedlings with
91.24 % followed by 8 h control to be 87.91 %. It is concluded that increase in activity by
proteinaceous extracts of induced seedlings might be as a result of some proteins exhibiting
cytotoxic activity against pathogens. Many cytotoxic proteins have been reported from
different plants including leguminous plants. Significant cytotoxicity of recombinant lectin on
breast cancer MCF-7 and liver cancer HepG-2 cell lines at different concentrations was
reprted from Pisum sativum (wild plant) with 90% similarity to the Pisum sativum lect1
whereas 91% similarity with the other lectins (Patel, 2014).
Nawrot et al. (2010) identified pathogenesis and defense-related proteins in purified
fractions of Corydalis cava tuber extracts accumulated in response to bacterial, viral, fungal
and other pathogens attack during vegetation and winter season using LC-ESI-MS/MS
analysis. In another study secretion of a patatin-like phospholipase A2, PLA2 (EC.3.1.1.4.) in
response to desiccation stress and Wound-healing of potato tuber parenchyma (Solanum
tuberosum) exhibiting cytotoxic activity against B16 cells was also reported without effecting
normal cells (Griffaut et al., 2013). Yodyingyong et al. (2013) studied the cytotoxic effect of
different protein lysates of Euphorbia hirta Linn. prepared with pepsin treatment for 12h.
They obtained fractions lesser than 3 KDa and evaluated against a gastric carcinoma cell line
(KATO-III, ATCC No. HTB103) by MTT assay. They obtained two peaks at 100 µg/mL
concentration of proteins cytotoxicity against gastric cancer cell lines of 63.85 % and 66.92
%, respectively.
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Less cytotoxicity (non-significant) of seed and seedling crude extract makes it safe for
optimization of the extracts in pharmacological uses to treat various ailments while highly
significant cytotoxic activity of P. corylifoia protein extracts under induced condition could
be a potential source of neoplastic activity against cancer cells and therefore future candidate
in cancer cure.

5.4. Mutagenic activity of P. corylifolia
Mutagenic activity of different protein extracts of P. corylifolia was evaluated. All
samples were found to be non-mutagenic against the two test strains of Salmonella (TA98 and
TA100). Mutagenic activity in plants has been reported due to different types of compounds.
On the other hand there are some compounds that possess antimutagenic activity. Quinone
reductase (QR) enzyme induced by chemical substances posseses protective effect against
mutagens and carcinogens. Lee et al. (2009) studied the effect of seed extracts of P.
croylifolia on induced QR enzyme in Hepa 1c1c7 hepatoma cells. Methanolic extract of P.
croylifolia seeds showed 1.5 fold (1.5 FIC) increased QR induction at 1.2 µg/mL
concentrations while psoralidin isolated further from active fraction showed 1.5 FIC at 0.5
µg/mL concentrations. Bhawya and Anilakumar (2011) reported protection of DNA by P.
corylifolia seeds extracts analysed by using pBR322 plasmid DNA by DNA nicking assay
while antibacterial activity was also observed against Gram +ve and –ve strains. Bresolin and
Vargas (1993) reported frameshift mutagenic activity in aqueous extracts of Sambacus
australis, Mimosa bimucromata and Bauhnea forficate after metabolization. Base pair
substitution was detected as a consequence of positive results of M. bimucromata in the
TA100 strain. B. forficata extract metabolites also exhibited mutagenic activity in the TA102
strain which might be due to presence of tannins and flavonoids. Deciga-Campos et al. (2007)
evaluated mutagenic potential of medicinally important Mexican plants by Ames test and
reported that Valeriana procera and Gnaphalium sp. extracts caused mutations of S.
typhimurium TA100 in the presence of the enzymatic fraction and TA98 with or without the
S9 microsomal fraction, respectively.
From mutagenic screening of P. corylifolia protein extracts during the current study, it
was found that they are non-mutagenic which assures their safety to use in pharmacological
formulations.
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5.5. Protein extraction from different post hour treated seedlings
Protein extraction from healthy seedlings infested with Fusarium solani for different
time intervals was carried out by TCA/phenol/Acetone method described by Rastegari et al.
(2011). Proteins of different molecular masses were isolated out of which proteins lower than
30 kDa molecular mass might be defensin proteins involved in plant defense against
pathogen. Also a 9 kDa protein was over-expressed in induced samples of 8 hpi and 12 hpi
which might be in response to fungal stress as pathogenesis and defense related proteins are
reported in purified fractions of Corydalis cava tuber extracts in response to bacterial, viral
fungal and other pathogen attack during vegetation and winter season by Nawrot et al. (2010).
Antimicrobial assay of above over-expressed 9 kDa protein, on isolation from native-PAGE
showed strong antifungal and antibacterial activity. Antimicrobial peptides have been isolated
from many plants. Leguminous plants are abundant in proteins and peptides exhibiting
biological activities. Shaoyun et al. (2009) isolated a peptide of 6.8 kDa designated Limyin
from Phaseolus limensis exhibiting both antifungal and antiproliferative activity. The Nterminal sequence showed high similarity to defensins and defensin precursors. Limyin
exhibited potential activity against Fusarium solani, Alternaria alternata and Botrytis cinerea
and was found stable up to 80 °C. However, no avtivity was showed against Staphylococcus
aureus and Salmonella. It also possessed antiproliferative activity against human liver
hepatoma Bel-7402 and neuroblastoma SYSY5Y cells.
In conclusion, our results from SDS-PAGE analysis revealed that numerous proteins
were found in gel. Proteins of molecular weight lower than 30 kDa are present which might
be the defensin proteins produced in response to fungal stress. The protein isolated could be
used for further amino acid sequence analysis.

5.6. Antifungal activity of protein extract
The protein extracts from different hour post induced seedlings were evaluated against
Fusarium solani showed that all purified test protein extracts showed significant antifungal
activity but maximum antifungal activity was shown by 8 h post induced protein extract
against F. solani. Maximum inhibition of growth of G. lucidum was observed by 24 h post
induced protein extracts but 8 hpi and 48 hpi protein extracts also showed stronger activity
greater than the positive control (Fluconazole) used (Appendix VI). T. harzianum and A.
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alternata growth was significantly inhibited by 8 hpi protein extract. This might be due to
some antimicrobial proteins synthesized in response to fungal exposure as these results show
more antimicrobial potential against G. lucidum than shown by the crude extracts given in
Table 4.2. Antimicrobial assay of these protein extracts against T. harzianum showed a
continuous increase in activity till 8 hpi and then decrease in activity was observed. So, the
maximum activity shown at 8 hpi possesses a halo of 24.1±0.06 mm which is greater than the
halo of control (21.9±0.06 mm). Susceptability of Fusarium has been checked against
different plants extracts due to pathogenic nature of Fusarium. Kiran et al. (2011) tested 2HFuro [2,3-H]-1-benzopyran-2-one isolated from seeds of P. corylifolia against eight different
seed borne Fusarium species completely inhibited the growth of F. solani, F. oxysporum, F.
moniliforme and F. semitectum at 600 ppm concentration.
Jamil et al. (2007) investigated the extracts of some potential medicinal plants like
Abrus precatorius, Hygrophila auriculata, Withania somnifera, Moringa oleifera, Solanum
nigrum, Croton tiglium and Psoralea corylifolia against pathogenic fungal strains of Rhizopus
solani, Aspergillus niger, Aspergillus tamari and Mucor mucedo. Maximum activity was
shown by Moringa oleifera while antifungal activity was found in gel filtration fractions of
the leaves of P. corylifolia against all test strains except Rhizopus solani. They also observed
loss of activity after trypsin treatment. Antimicrobial proteins have been isolated from
different medicinal plants due to their potential activity against bacteria and fungi. Kiba et al.
(2003) purified an antimicrobial protein, WjAMP-1 from Wasabia japonica L. leaves
inhibited hyphal growth and spore germination of A. alternata and F. solani with IC50 of 5.8
and 8.4µg/mL, respectively. They also reported that WjAMP-1 inhibited growth of E. coli
with IC50 of 8µg/mL.
Tailor et al. (1997) isolated four peptides designated Ib-AMP1, Ib-AMP2, Ib-AMP3 and
Ib-AMP4 from Impatiens balsamina seeds inhibiting growth of bacteria and fungi without
showing any cytotoxic effects to human cells. Dellavalle et al. (2011) evaluated antifungal activity
of ten plant extracts against Alternaria spp., a phytopathogenic fungus. They reported that from 29
investigated extracts with three solvents on different plant tissues, growth inhibition similar to
chemical fungicide effects was exhibited by 31% extracts. They found acid extracts more
effective than the aqueous or buffer extracts against Alternaria spp. MICs (1.25 and 25 µg mL-1)
and MFCs values (1.25 µg mL-1 and 10 µg mL-1 ) obtained from leaves
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of R. officinalis and Salvia officinalis L. and seeds extracts of Salvia sclarea L. were
comparable to values of conventional fungicide captan (2.5 µg mL-1).
Khan and Nasreen (2010) tested antifungal activity of methanolic extracts of five plant
against Candida albicans B017 and 10 phytopathogenic fungi and revealed that the
proteinaceous substances were responsible for defense/activity against plant pathogens.
Among all extracts, maximum percent inhibition of test fungi was shown by Lawsonia
inermis with range of 76.47% to 87.77 % followed by Withania somnifera showing 54.44% to
78.88 % fungal inhibition. They studied mode of action and found that production of catalase
in Fusarium oxysporum and Aspergillus niger was inhibited by Lawsonia inermis.
Leguminous seeds have been a subject of research due to huge amount of proteins and
peptides possessing important biological activities (Wang et al., 2009). Several antifungal
proteins and their in-vitro biological potential investigation have been reported from different
Phaseolus vulgaris cultivars. A thaumatin-like antifungal protein possessing molecular mass
of 20 kDa was isolated from Phaseolus vulgaris (French bean) showing inhibitory effect
against Pleurotus ostreatus, Coprinus comatus and Fusarium oxysporum except Rhizoctonia
solani (Ye et al., 1999). Xia and Ng (2005) reported a 33 kDa purified antifungal protein from
dried Phaseolus vulgaris cv. Flageolet Bean showing activity against Mycophaerella
arachidicola but not against Botrytis cinerea and F. oxysporum.
It is concluded that significant activity found in purified protein extracts against
different fungal strains might be due to some antifungal proteins expressed in response to
fungal stress while more sensitivity of G. Lucidum towards 8 hpi, 24 hpi and 48 hpi protein
extracts than the positive control used might be due to different mode of action of antifungal
proteins present in these extracts. This potential ability of P. corylifolia proteins could be used
further in developing genetically improved crop germplasms with enhanced resistance against
fungal pathogens, as antifungal agents (agrochemicals), and in food preservation.

5.7. Antibacterial activity of protein extracts
In present study antibacterial activity of the proteins extracted by TCA/phenol/acetone
method from seedlings of different post hour inductions was evaluated by disc diffusion assay
against B. subtilis, S. aureus, P. multocida and E. coli. It was observed that all protein extracts
of P. corylifolia seedlings infested with Fusarium solani showed significant activity against
tested bacterial strains. Variable growth inhibition pattern of tested bacteria was observed by
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different protein extracts of P. corylifolia (Data given in Appendix VII). Maximum inhibition
was observed by 4, 6, and 8 hpi extracts against B. subtilis and P. multocida while S. aureus
was inhibited by 24 and 48 hpi extracts. E. coli was inhibited by 0-4 hpi extracts. On average
all the bacterial strains were inhibited strongly by 8 hpi extract except S. aureus and
maximum sensitivity was shown by P. multocida to induced seedlings of P. corylifolia than
other test strains which might be due to greater susceptibility of the strain towards proteins
present in the extracts. Antimicrobial efficacy of peptides from medicinal plants including
Feniculum vulgare, Ricinus communis, Cichorium intybus, Azadirachata indica, Pegnanum
hermala and Ocimum basilicum against Staphylococcus aureus 6736152 was investigated by
Salahudin et al. (2011). They found that all extracts in potassium phosphate buffer, sodium
phosphate buffer and sodium acetate exhibited activity against S. aureus 6736152 but
Peganum hermala showed maximum activity with 40 mm zone of inhibition.
Akeel et al. (2014) reported that sodium phosphate citrate buffer crude protein extract
of Allium ascolinicum at pH (5.8) possessed extremely strong activity against Proteus
vulgaris, Escherichia coli and Staphylococcus aureus with 17 mm, 17 mm and 15 mm zone of
inhibition, respectively. They observed that Cucumis sativus at pH (7.8), Cichorium intybus at
pH (7.4) Ammi majus at pH (6.8), and Rumex vesicarius at pH (7.6) also showed significant
sensitivity with zone of inhibition ranges from 16–10 mm against the bacterial strains while
some strains were found resistant. Sodium acetate buffer pH (6.5) prepared plant seed extracts
showed good inhibition of all bacterial strains with range of zone of inhibition from 11mm to
12.5 mm. Phansri et al. (2011) found that Bauhinia acuminate L. seed crude extract exhibited
strong antibacterial activity against gram positive and gram negative pathogenic bacteria.
They observed maximum growth inhibition of Bacillus subtilis (ATCC 7058) and minimum
growth inhibition of Pseudomonas aeruginosa (ATCC 27853) with minimum inhibitory
concentration of 8.34 and 66.72 μg/mL, respectively. They also found that 50% hemolysis
was shown by 715.3 µg/mL concentration of crude extract as compared to Triton X-100
treatment (HC50). At the MICs range, the crude extract did not show significant hemolytic
activity (<5%). They concluded that loss of antibacterial activity of crude extract after
Proteinase K and Pronase treatment supports peptides (proteins) responsible for antibacterial
activity.
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It is concluded from the above results that all the protein extracts showed significant
activity against E. coli, B. subtilis, S. aureus and P. multocida while on average all strains
showed significant bacterial growth inhibition by 8 hpi protein extracts. Therefore the 8 hpi
sample was selected for further investigation of minimum inhibitory concentration. The
protein extracts of different hour post induced seedlings of P. corylifolia strongly inhibited the
growth of the P. multocida due to which it could be use as potential antibacterial agent against
P. multocida.

5.8. Minimum inhibitory concentration (MIC) of protein extracts
5.8.1. MIC of bacteria
Varied growth inhibition of bacterial strains was observed in microplate assay and
growth was inhibited effectively in all bacterial strains when compared with chloramphenicol
(positive control). Out of four tested bacterial strains S. aureus was strongly inhibited at 0.125
µM concentration.
All bacterial test strains growth was inhibited at 0.25 µM concentration except S.
aureus which showed MIC of 0.125 µM. Many antibacterial peptide families have been
isolated from plants. Rhizobium meliloti, Micrococcus luteus, Xanthomonas campestris and C.
michiganensis growth inhibition by Pp-Thionin is reported at an IC50<50 μg/mL. In another
study two peptides Pp-AMP1 and Pp-AMP2 are reported to possess antibacterial activity
against several phytopathogens, including Erwinia carotovora, Agrobacterium radiobacter,
Agrobacterium rhizogenes, Clavibacter michiganensis and Curtobacterium
flaccumfaciens, at concentration range of 13 to 25 μg/mL (Tam et al., 1999; Daly et al.,
1999). Furthermore, hevein-like proteins Ac-AMP1 and Ac-AMP1 cause growth inhibition of
Bacillus megaterium and Sarcina lutea at concentrations of 40 and 250 g/mL, respectively
(Martins et al., 1996). Four antimicrobial peptides designated Ib-AMP1, Ib-AMP2, Ib-AMP3
and Ib-AMP4 were isolated from Impatiens balsamina seeds. They inhibited growth of 13
different fungal strains and gram positive bacteria with an IC50 values of 10 mg/mL (Tailor et
al., 1997). Lc-LTPs peptides member (Lipid-transfer) inhibits the Gram-negative bacterium
Agrobacterium tumefaciens (Yang et al., 2006).
It is concluded that antibacterial activity of the protein extracts against bacterial strains
had significant variation in susceptibility of bacteria to protein extracts that might be the
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reason for expression of antimicrobial proteins or might be due permeability of active
compounds through bacterial cell covering.
5.8.2. MIC of Fungi
Out of four tested fungi F. solani, and T. harzianum were inhibited strongly at 0.125
µM concentration while A. alternate and G. lucidum were found susceptible to the protein
extracts from P. corylifolia at 0.25 µM concentration, respectively. Antifungal potential
evaluation at minimum inhibitory concentration is evaluated for different protein/peptides for
search of potent antifungal agents. Larranaga et al. (2012) studied antimicrobial potential of
three synthetic peptides Temporizina, Plc-2 (Pleurocidin fragment) and Pses3 from sesame
seeds against Alternaria solani, Fulvia fulvum, Colletotrichum gloesporioides, Fusarium
oxisporum, A. ochraceus, Penicillium digitatum and Aspergillus niger. They found highest
inhibition by Pses3 and Plc-2 and C. gloesporioides with MIC values ranged from 0.64 µM to
10.25 µM, much lower than Captan (fungicide). Our protein extracts, crude as well as 8 hpi
seedlings protein extracts of P. corylifolia showed greater antifungal potential against the test
strains including A. alternata with an MIC ranged from 0.125 µM to 0.25 µM which proves its
strong potential against selected fungal strains. In another study Dellavalle et al. (2011)
evaluated antifungal activity of aqueous, buffer extracts and acid extracts of 10 medicinal
plants extracts against Alternaria spp. They found that acid extracts of plants were more
effective than the aqueous or buffer extracts against Alternaria spp. With MIC values range
from 1.25 to 25 µg/mL and MFC values range from 1.25 µg/mL (Rosmarinus officinalis L.) to
10 µg/mL (Cynara scolymus L.). They reported that extracts of S. officinalis, Salvia sclarea,
and R. officinalis potent source of antifungal compounds possessing amazing fungicidal
properties at very low concentrations.
From our results, it is concluded that the test extracts inhibited the growth of T.
harzianum, and F. solani at 0.125 µM concentration while G. lucidum and A. alternata was
inhibited at 0.25 µM concentration. The differential response of test organisms to the extracts
might be due to compositional differences among cell walls and cell membranes among the
test organisms. Also the low MIC range (0.125-0.25 µM) contributes to its potent antifungal
property useful for its use as potential antifungal agents.
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5.9. Anticancer activity
Naturally derived molecules from plants are concstituents of chemotherapeutic drugs
mostly used for cancer treatment and therefore under focus due to their potential as novel
cancer preventive and therapeutic agents (Newman, 2008; Newman 2003). Increased potential
of these molecules as inhibitors of tumorigenesis at different stages and role in inflammatory
processes highlights their use in cancer therapy and prevention. In the present study
antitumour potato disc assay of P. corylifolia seeds and seedlings extracts at different hours of
post induction extracts with F. solani showed excellent antitumor activity greater than 20%
inhibition. Maximum tumor inhibition (85%) was possessed by seed crude with 7.5±3.5 tumor
formation followed by 8 hour post induced protein extract of P. corylifolia seedlings which
exhibits 74% tumor inhibition. P. corylifolia has been reported to possess important bioactive
compounds which possess anticancer as well antimicrobial activity (Chopra et al., 2013).
Badria (2014) evaluated anticancer activity of eleven crude protein extracts from different
plants by MTT assay against Caco-2, HEP-2, HeLa and HepG2. Highest anticancer activity
was possessed by Momordica charantia extract superior to 5-FU. He also studied the selective
growth inhibitory effect on epithelial derived cell lines, HEP-2, HeLa and Caco-2 except
HepG2 and characterized the anticancer activity.
Aspartic proteases (StAPs) from potato are reported with antimicrobial and antitumor
activities in a dose dependent manner (Guevara et al., 2011). They found that StAPs and
StAsp-PSI (StAPs domain) possessed cytotoxic activity against gram negative and gram
positive bacteria in a dose dependent manner and StAPs induces apoptosis on Jurkat T cells at
short time of incubation in a dose dependent manner while no significant effect was observed
on the T lymphocytes. They reported that StAsp-PSI also induce DNA fragmentation, ROS
induction and cell cytotoxicity on human breast cancer cells in a dose dependent manner. Hew
et al., 2013 studied Gynura procumbens (Lour.) Merr. defense proteins including miraculin,
thaumatin-like proteins and peroxidase in its leaves for their anticancer potential. They gel
filtered these peptides and found growth inhibition of breast cancer cell line, MDA-MB-231 at
EC50 value of 3.8 µg/mL by SN-F11/12 fraction. They reported reduction of mRNA
expressions of proliferation markers( Ki67 and PCNA) and invasion marker (CCL2) in the
MDA-MB-231 cells treated with SN-F11/12 highlighting the anti-cancer property of SNF11/12 consequently proteins in this fraction to be potential breast cancer chemotherapeutic
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agent. A 6.8 kDa peptide designated as Limyin from Phaseolus limensis was isolated by
Wang et al. (2009) exhibiting both antifungal and anticancer activity. They reported that
according

to

the

sequence

results

the

N-terminal

sequence

of

peptide

was

KTCENLATYYRGPCF, highly homologous to defensin proteins and its precursors derived
from plants. They have also evaluated its anticancer activity in neuroblastoma cells SHSY5Y
and human liver hepatoma cells Bel-7402.
It is concluded from the above results that protein extracts showing excellent
antitumor potential are also exhibitig good antimicrobial activity against different fungi and
bacteria as shown in appendix VII and table 4.6. Therefore, there might be expression of some
proteins exhibiting both anticancer and antimicrobial properties.

5.10. Defensin gene isolation from P. corylifolia
Plant defensins are small (5 kDa), basic, cysteine-rich proteins with antimicrobial
activities (Broekaert et al., 1995; Broekaert et al., 1997). They are ubiquitous in plants and
form part of the innate immunity (Stotz et al., 2013). Plant defensins are encoded by small
multigene families and are expressed in various plant tissues, but are best characterized in
seeds (Lay and Anderson, 2005).
The DNA isolated from P. corylifolia seeds was used to perform polymerase chain
reaction (PCR). Seven sets of universal defensin primers were designed from which
successful amplification was achieved by four sets of primers (set 2, 3, 6 and 7). Amplicons
with primer set 2 (350 bp), primer set 3 (150 and 900 bp), primer set 6 (300 bp), and primer
set 7 (350 bp and 450 bp) were cloned in cloning vector (pTZ57R/T). Defensin genes have
been reported from many plants. Beer and Vivier (2011) isolated four defensin genes (HcAFP1-4) with a homology based PCR strategy. The isolated genes showed 72% similarity
with defensins isolated from other Brassicaceae species. The Hc-AFP1 and 3 peptides
possessed high homology (94%) while Hc-AFP2 and 4 showed homology with defensins
from Arabidopsis and Raphanus. Difference of few amino acids among four peptides altered
surface properties of defensins according to homology modeling. Hc-AFP2 and 4 resulted in
severe hyper-branching and membrane permeablization in Fusarium solani with IC50 values
of 5-20 μg ml-1 whereas Hc-AFP1 and 3 showed low activity against test pathogens.
Slavokhotova et al. (2011) isolated Sm-AMP-D1 and Sm-AMP-D2 from seeds of Stellaria
media L. Their sequence showed homology to Brassicaceae plant defensins exhibiting
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potential inhibitory activity against phytophathogenic fungi with IC 50 less than µM
concentration.The precursor protein consisted of 32 amino acid signal peptide and 50 amino
acid mature peptide. The Sm-AMP-D1 and Sm-AMP-D2 showed high sequence similarity
with two amino acid difference one each in signal peptide and one from mature peptide. PscAFP, an antifungal protein (18 kDa) was isolated and cloned from P. corylifolia seeds. The
isolated protein was reported to exhibit trypsin inhibitor activity (Yang et al., 2006). The
intronless gene of Psc-AFP was cloned by RACE and encoded a preprotein comprised of 203
amino acids including signal peptide of 24 amino acids. They concluded that the mature
protein had a role in defense against pathogens as it showed 44% similarity with plant trypsin
inhibitors from Erythrina variegate (Linn) seeds.
Different amplicons were amplified from DNA of P. corylifolia and six were cloned
in cloning vector ( pTz57R/T) ranging in size from 350-1300 bp which could be further used
for sequencing and expression studies.
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CONCLUSION

Psoralea corylifolia possesses wide range of chemical compounds present in its
different parts exhibiting antioxidant, antifungal, antibacterial, immunomodulatory, antitumor
and anti-inflammatory activity. In this project, an attempt was made to isolate
proteins/peptides with antimicrobial and anticancer properties under Fusarium solani stress.
Seed and seedling extracts of Psoralea corylifolia has showed significant antibacterial and
antifungal activity against E. coli, S. aureus, F. solani and T. harzianum. Minimum inhibitory
concentration investigation justifies its use in optimization of new formulations with more
therapeutic and economical values. Protein extract of 8 hour induced P. corylifolia seedling
exhibited anti-cancer, cytotoxic and non-mutagenic activity making it a suitable option for
treatment of cancer. Strong antioxidant potential of extract of P. corylifolia seeds and
seedlings could play an important role in the modulation of oxidative stress. Six defensin
genes were isolated from P. corylifolia by using different sets of defensin primers.
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Chapter 6

SUMMARY

Medicinal plants have been an important part of medicine due to rich source of
biologically active compounds. Screening of plant is a necessary approach to isolate and
evaluate bioactive potential of plants with and without stress. In present project biologically
important plant P. corylyfolia was grown under controlled conditions of temperature and day
and night length. Fungal stress was imposed for different time intervals (0, 2, 4, 6, 8, 12, 24
and 48 hours) and their antifungal, antibacterial, anticancer, antioxidant and cytotoxic activity
was evaluated. The extract of eighth hour post induced seedling protein extract exhibited
significant activity against test pathogens (bacteria and fungi) so, selected for further
evaluation along with crude extracts of seed and seedlings. Cytotoxic assay showed seedling
less cytotoxic than seed crude while both 8 hpi control and induced sample showed significant
cytotoxicity with 87.9% and 91.24% respectively. The antioxidant activity of P. corylifolia
was also evaluated by DPPH radical assay and crude extracts (55%) were found to be less
antioxidant than 8 hpi C and induced samples (62%). Mutagenic activity of P. corylifolia was
also evaluated against seed crude, seedling crude and 8 h control and induced protein extracts.
All protein extracts were found to be non-mutagenic.
Antibacterial assay showed significant inhibition of growth of all test bacterial strains
(Bacillus subtillis, Escherichia coli , Staphylococcus aureus and pasteurella multocida) with
maximum zone of inhibition against E. coli (14.67±0.5mm) and P. multocida
(19.67±0.2mm).While antifungal assay performed by disc diffusion assay against fungal
pathogens (Trichoderma harzianum, Fusarium solani, Ganoderma lucidum and Alternaria
alternata) also showed antifungal activity of extracts against T. harzianum and F. solani with
zones of inhibition of 23.67±0.3 and 31.67±0.3 respectively. Minimum inhibitory
concentration was evaluated by 96 well plate assay for both bacteria and fungi range from
0.125 µM to 0.25 µM. From native PAGE of control and induced protein extracts, a peptide of
9 kDa was isolated and subjected to antimicrobial assay. Six sets of defensin primers were
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used for amplification of DNA of P.corylifolia. Four sets showed successful amplification of
defensins. Primer set 2 amplified 350, 450 and 900 bp fragments and 350, 450 fragments were
cloned in pTZ57R/T. 150 and 300 bp fragments were amplified from primer set 3 and 6 while
primer set 7 amplied 350 and 450 bp fragments which were cloned.
In summary, the peptides derived from P. corylifolia under fungal stress demonstrated
anti-microbial, anticancer and anti-oxidant activities.
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APPENDIX
Appendix I: Set-up of the fluctuation assay with and without S9 activation
Volume added (mL)
Treatment

Standard

Herbal

Reagent

(NaN3, 2-NF, or

extract

mixture

S9 mix

Deionised

Test

Water

strain

2AA)
Blank

–

–

2.5

–

17.5

-

Background I

–

–

2.5

–

17.5

0.005

`Background II

–

–

2.5

2.0

15.5

0.005

Standard mutagen

0.1

–

2.5

–a

17.4

0.005

Test sample 1

–

0.005

2.5

–

17.5

0.005

Test sample 1

–

0.005

2.5

2.0

15.5

0.005

a

, S9 mix (2.0 mL) was added when 2AA was used.
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Appendix II: Solution preparation for SDS-PAGE
Tris Cl; 1.5 M (pH 8.8): Dissolved 91 g Tris base in 375 mL of distilled water, pH was
adjusted to 8.8 and diluted to 500 mL with dH2O.
Tris Cl; 1 M (pH 6.8): Dissolved 30.5 g Tris base in 175 mL of distilled water, pH was
adjusted to 6.8 and diluted to 250 mL with dH2O.
Acrylamide (30%): 29.2 g acrylamide and 0.8 g bisacrylamide was added to 100 mL distilled
water, filtered and stored in dark at 4 °C.
TEMED: Prepared solution was purchased from the company and used according to the
required concentration.
Ammonium persulphate (10%): Ammonium persulphate solution was used always freshly
prepared. 0.1 g salt was dissolved in 1 mL of distilled water.
Preparation of gel
The gel was prepared on PAGE apparatus from Biorad. Firstly the plates were washed and
rinsed with distilled water and wiped with acetone to clean them properly. Then they were
fixed together in gel casting stand.

Preparation of running gel
The running gel was prepared first by using the following recipe:
Solutions

Quantity

Distilled water

9.87 mL

30% acrylamide

8.37 mL

1.5м Tris Cl (pH 8.8)

6.25 mL

10% SDS

250 µL

TEMED

10 µL

Ammonium persulphate soln.
(10%)

250 µL

At the end distilled water was added on the top of running gel for flat surface formation of
running gel. Left it for 30 minutes to polymerize then pour off the distilled water.
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Preparation of stacking gel
The 5% stacking gel was prepared according to following composition:
Solutions

Quantity

Distilled water

3.375 mL

30% acrylamide

0.84 mL

1м Tris Cl (pH 6.8)

0.63 mL

10% SDS

150 µL

TEMED

15 µL
Just a dot to give light blue

Coommassie blue
Ammoniumpersulphate
(10%)

color
soln.

50 µL

After preparing the stacking gel the comb was placed within the gel plates and left for 1520 minutes to solidify. After solidification the comb was removed and the gel running tank
was filled with running buffer. The wells were washed with running buffer with the help of a
syringe for efficient loading of sample and to not disperse in neighboring wells or running
buffer.
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Appendix III: DNA isolation
Healthy seeds of the plant (50-100mg) were ground under liquid nitrogen to a fine
powder. Powder was transfered into a microcentrifuge tube. 400 uL FAPG1 Buffer and 8uL
Rnase A (50 mg/ml) were added into the sample tube, mixed by vortexing (just before
experiment) and incubated at 650C for 10 min. 130 uL FAPF2 Buffer was added, mixed by
vortexing and incubated on ice for 5 min. A filter column was placed in 2 ml collection tube,
applied the mixture from previous step to the filter column and centrifuged for 3 min at full
speed (13000rpm). After discard of the filter column, clarified supernatant was carefully
transfered in collection tube to a new microcentrifuge tube.
1.5 volume of FAPG3 buffer (with ethanol) was added to the cleared lysate and
mixed immediately by vortexing for 5 sec. A FAPG3 Column was placed in 2 ml collection
tube. 750ul of the mixture (including any precipitate) was applied from previous steps to the
FAPG column and centrifuged at full speed (13000 rpm) for 2 min. After discarding flowthrough in collection tube, the remaining mixture was applied to FAPG column.
500 uL of W1 Buffer (with Ethanol) was added into the column. 750ul of Wash
Buffer (with Ethenol) was added into the column and centrifuged into the column. After
discarding the flow-through, the FAPG Column was placed back in the Collection and
centrifuged at full speed for 3 minutes to dry the column matrix.
FAPG Column was dried into a clean 1.5 ml microcentrifuge tube. 50-200μl of
preheated Elution Buffer was added into the centre of the matrix column, stood for 3 minutes
until Elution Buffer absorbed by the matrix and centrifuged full speed (13,000 rpm) for 2
minutes for purified DNA elution. The purified eluted DNA volume was 200ul.
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Appendix IV: Preparation of competent cells
In an Erlenmeyer flask 50 mL LB-Medium (Bactotryptone: 1 g, yeast extract: 0.5 g,
NaCl: 1 g, dissolved solids in dist. H2O: 80 mL, autoclaved dist. H2O: upto 100 mL, pH: 7.5)
was inoculated with a bacterial colony and placed it in a shaker at 37 oC and 220 rpm for
overnight. Next day 1 mL of overnight culture was added to 100 mL of fresh LB-Media and
incubated at 37 oC, 220 rpm for 4 h (or until the O.D becomes 0.4). The flask was placed in
ice for 30 min. Then the sample was transferred into centrifuge tubes or falcon tubes (40 mL
in one tube) and incubated the tubes in ice for 10 min. The tubes were centrifuged at 5,000
rpm for 5 min. at 4 oC. The pellets were resuspended in 40 mL of 0.1 M MgCl2. The tubes
were centrifuged at 4 oC for 5 min. at 5,000 rpm. The supernatant was discarded and the
pellets were resuspended in 40 mL of 0.1 M CaCl2 and the tubes were placed in ice for 30
min. The tubes were centrifuged at 5,000 rpm for 5 min. at 4 oC. The supernatant was
discarded and the pellets were resuspended in 4 mL of 0.1 M CaCl2 (1/10th of the volume of
the sample) and added 35% glycerol. The cells were mixed gently in glycerol and aliquots of
200 µL were stored in microcentrifuge tubes at -80 oC.
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Appendix V: Preparation of LB Ampicillin agar plates
LB-medium (100 mL) was prepared according by autoclaving LB medium, allowed
the solution to cool to 50 oC, and ampicillin was added to a final concentration of 100µg/mL.
Medium was gently mixed and 25 mL of LB-ampicillin agar medium was poured directly on
to each petri plate. And forty microliters of each IPTG and X-Gal were also poured on the
plates and dried before use.
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Appendix VI: Antifungal activity (Mean (mm) ± SD) of protein samples
(control and treated, post hour induction) seedlings of Psoralea corylifolia
against selected fungal strains
Treatments

Fusarium solani

Ganoderma

Alternaria

Trichoderma

lucidum

alternata

harzianum

Pos C

12.67±0.17

19.87±0.13i

14.50±0.29n

21.90±0.06h

Neg C

0.00±0.00

0.00±0.00

0.00±0.00

0.00±0.00

0 hpi C

22.77±0.15fgh

13.90±0.06nop

12.00±0.00qrs

14.10±0.06no

0 hpi Ind

23.27±0.27efg

14.63±0.09n

13.17±0.17opq

21.93±0.07h

2 hpi C

23.90±0.06ef

13.90±0.06nop

10.50±0.29t-x

19.00±0.06ij

2 hpi Ind

23.93±0.18ef

14.53±0.03n

12.67±0.33pqr

19.87±0.07i

4 hpi C

23.87±0.13ef

15.93±0.07lm

11.33±0.33stu

15.10±0.06mn

4 hpi Ind

25.87±0.09cd

17.80±0.12jk

11.33±0.83stu

20.00±0.06i

6 hpi C

30.00±0.12b

17.00±0.06kl

10.33±0.33u-x

18.00±0.06jk

6 hpi Ind

30.10±0.21b

17.87±0.03jk

11.67±0.33rst

20.03±0.09gh

8 hpi C

30.07±0.07b

19.90±0.06i

10.67±0.33t-w

21.90±0.06h

8 hpi Ind

32.17±0.12a

22.03±0.09gh

13.00±0.58opq

24.10±0.06e

12 hpi C

27.00±0.06c

14.23±0.15no

9.67±0.33w-z

16.03±0.09lm

12 hpi Ind

29.90±0.06b

14.27±0.15no

11.00±0.58s-v

17.98±0.02jk

24 hpi C

23.87±0.09ef

25.67±0.17d

9.00±0.00yz

19.90±0.06i

24 hpi Ind

21.93±0.03h

26.10±0.06cd

10.00±0.58v-y

18.03±0.03jk

48 hpi C

22.83±0.17f-h

23.90±0.06ef

8.67±0.33z

17.03±0.03kl

48 hpi Ind

31.50±0.29a

22.00±0.06gh

9.33±0.33xyz

19.00±0.06i

Mean sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Letters represent
comparison among interaction means.
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Appendix VII: Antibacterial activity (Mean (mm) ± SD) of protein samples
(control and treated, post hour induction) seedlings of Psoralea corylifolia
against selected bacterial strains
Treatments

Bacillus subtilis

Pasteurella

Staphylococcus

multocida

aureus

Escherichia coli

Pos C

21.50±0.29b

21.83±0.44b

21.67±0.33b

28.07±0.07a

Neg C

0.00±0.00x

0.00±0.00x

0.00±0.00x

0.00±0.00x

0 hpi C

14.08±0.22m-q

14.75±0.14j-m

11.97±0.03w

14.20±0.15l-p

0 hpi Ind

12.33±0.17uvw

15.83±0.17ghi

12.00±0.00w

14.27±0.15j-o

2 hpi C

13.83±0.17m-s

15.00±0.00i-l

11.85±0.08w

14.20±0.10l-p

2 hpi Ind

13.92±0.08m-r

16.88±0.07ef

12.00±0.00w

14.33±0.17j-n

4 hpi C

13.88±0.07m-s

19.67±0.16c

14.03±0.09m-r

14.67±0.33j-n

4 hpi Ind

13.83±0.08m-s

18.17±0.17d

12.67±0.33t-w

14.67±0.33j-n

6 hpi C

13.88±0.07m-s

18.17±0.09d

12.67±0.33t-w

12.50±0.29t-w

6 hpi Ind

13.97±0.03m-r

18.07±0.07d

15.13±0.07h-k

13.00±0.00s-v

8 hpi C

14.13±0.19l-q

18.00±0.00d

12.17±0.17vw

12.23±0.15uvw

8 hpi Ind

14.27±0.18j-o

18.23±0.15d

12.33±0.17uvw

14.20±0.10l-p

12 hpi C

14.03±0.09m-r

15.17±0.09hij

11.97±0.09w

13.17±0.17r-u

12 hpi Ind

13.17±0.17r-u

16.03±0.03fgh

12.10±0.06vw

12.17±0.09vw

24 hpi C

13.37±0.09o-t

14.13±0.07l-q

17.67±0.17de

12.33±0.17uvw

24 hpi Ind

13.23±0.15q-u

14.13±0.09l-q

16.10±0.10fg

14.13±0.09l-q

48 hpi C

13.88±0.07m-s

14.23±0.15k-p

16.00±0.00fgh

12.23±0.15vw

48 hpi Ind

13.90±0.06m-s

13.33±0.17p-t

16.20±0.10fg

14.00±0.00m-r

Mean sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Letters represent
comparison among interaction means.

Appendix VIII: Structures of various chemicals from P. corylifolia
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`

Flavonoids from P. corylifolia plant
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`

Chalcones from P. corylifolia plant

131

`

Other phytochemicals from P. corylifolia plant
132

