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Executive Summary

Resveratrol is a phenolic compound naturally produced during pathogenic attack by plants
defense system. It is being exploited as potent antioxidant, anti-cancer, anti-inflammatory and
anti- aging agent. There exists an urgent need for exploration of alternative natural sources of
reseveratrol production which can contribute in meeting the increasing demand of this valuable
drug and preserve the biodiversity of nature also.

Endophytic fungi exist within the tissues of host plants in symbiotically fashion without
exerting any negative effects to the host plant. The endopytic fungi are believed to be “Gold
mines” of novel pharmacologically important bioactive compounds. The present study reports
the exploration of endophytic fungi isolated from various medicinally important plants viz. Aegle
marmelos, Cinnamomum malabaricum, C. camphora, Vitis vinifera, Catharanthus roseus and
Raulwofia serpentina for their potential to produce resveratrol. In the present study cuture
filtrates of endophytic fungi obtained from czapeck dox broth were screened for their potential to
produce resveratrol extracellularly. Libermann and Acetic anhydride tests were used for
confiriming the presence of resveratrol initially. After the preliminary screening 9 endophytic
isolates were further subjected for mass production of secondary metabolites on CDB. These
were subsequently extracted with solvents and tested for their presence of resveratrol. Out of
selected 9 cultures, the crude EA extract of #5VVSTL and #16CRLPAL were found to be potent
producers of Resveratrol. The resveratrol content in ethyl acetate extract of #5VVSTL was found
to be maximum. Hence, Ethyl acetate extract of #5VVSTL was separated into 7 fractions by
using Chloroform:Ethyl acetate:Formic acid in ratio10:2.4:0.4 as solvent system. The fungal
resveretrol was purified by scrapping off TLC plates 40 mg of resveratrol was optained by this

method. The purity and concentration of TLC Purified Reservertrol was then determined by



using HPLC using C18 reverse phase discovery column the mobile phase combined of H3PO,
(0.1%): Acetonitrile (10-70%). The purified fungal Resveratrol and standard resveratrol exhibited
same retention time of 35.2 min and visualized at violet color spot on TLC plate with R¢value of
0.63.

The potent resrveratrol producing endophytic isolate, #5VVSTL was identified as

Quambalaria cyanescens by using morphological and molecular taxonomic techniques.



Chapter 1

Introduction




1. Introduction

The French people despite their dietary habits do not suffer from cardiovascular problems
which are predominantly associated with their habit of daily consumption of red wine which
they believe keeps the doctor at bay. This is referred as the “French Paradox” which is
attributed to a molecule “Resveratrol” from red wine. Natural products play a major role as
active substances, model molecules for the discovery and validation of drug targets. In fact,
about 50% of the drugs introduced to the market during the last 20 years are derived directly
or indirectly from small biogenic molecules. Plants and fungi are the chief source of natural
compounds used for medicine, in which medicinal plants. (Cai et al., 2004; Newman and
Cragg, 2007).

Resveratrol (3,5,4'-trihydroxy-trans-

OH
stilbene), a stilbenoid, consisting of two aromatic
. . _ HO N
ring which are attached by methylene bridge
produced naturally by 72 differentl plant species
when under attack by pathogens. It is found in the
OH

Figure 1 structure of Resveratrol

roots of the Japanese Knotweed and also in skin of
red grapes. First isolated from the poisonous, but
medicinal, Veratrum album, variety grandiflorum (Takaoka, 1939).The name resveratrol was
derived from its source since it is resorcinol derivative from a Veratrum species (Lancon et
al., 2007). Resveratrol exists as cis and trans isomer. Trans-resveratrol in the powder form
was found to be stable under "accelerated stability” conditions of 75% humidity and 40 °C in
the presence of air. Predominantly the beneficial resveratrol is trans- resveratrol
form. Resveratrol content also was stable in the skins of grapes and pomace taken after
fermentation and stored for a long period. The grapevine is attacked with the fungus known
as Botrytis cinerea the resveratrol is produced as a self-defence mechanism to protect itself
from the infection.

A very well known Ayurvedic preparation is Darakchasava which is prepared from
grape vine (Vitis vinifera) (Paul et al., 1991). Darakchasava has been prescribed as an
ayurvedic medicine for use as a cardiotoxic and treatment of diseases like worm infection
(Parker et al., 2005), epistaxis (Korneich et al., 2012) and heart diseases (Petrouski et al.,
2011). Resveratrol is a major component of Darakchasava (Soleas et al., 1997). Biologically
resveratrol is synthesized in the skin of grapes and reaches peak production when the grape
reaches maturity (Wang et al., 2013). Stilbene synthase is the terminal enzyme required for

the biosynthesis of resveratrol which is activated in the presence of exogenous stress factors,
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such as injury, UV irradiation and chemical signal from pathogenic fungi (Adrian et al., 2000,
Cantos et al., 2000). The resveratrol was first mentioned by Michio Takaoka in 1940, where
he has isolated it from the medicinal plant Japanese knotweed (Polygonum cuspidatum).
Peanuts (Arachis hypogaea Linn.), a member of the Papilionaceae family, have been
discovered as potent source of resveratrol production (Chen et al., 2002). Many studies in
Korea have showed that many food contents such as peanut butter and roasted peanuts have
the high content of resveratrol (Burns et al., 2002).

Medicinal properties of resveratrol

Resveratrol has been the subject of intensive investigation in recent years and is reported to
be an extremely potent antioxidant, a modulator of genetic expression via signal transduction,
an inhibitor of inflammatory mediators, and to have other actions including phyto-
hormonal effects. This combination of biological properties and cosmetic effects makes
resveratrol a unique candidate anti-aging agent.

Numerous studies have been found that resveratrol has many health benefit properties
such as anti-oxidative, anti- inflammatory, anti-cancer, chemopreventive abilities etc (Beher
et al. 2009; Fremont et al., 1999). The most interesting activity of resveratrol is that it has
potential to slow down the aging process and prolong the life span through the synergetic
action with flurosphore- signaling molecule (Bhat et al., 2001).

It has been reported to exhibit a wide range of pharmacological properties and is
believed to play an important role in the prevention of human cardiovascular disease
(Gusman et al., 2001) as it is responsible for increasing the nitric oxide production and down-
regulating vasoactive peptides (known as endo-thelins). It also induces the anti-
inflammatory effects via cyclooxygenase (COX) inhibition and down-regulation of
eicosanoid synthesis (Pace-Asciak et al., 1995; Szmitko et al, 2005).

Resveratrol shows the protection of brain against the effects of traumatic injury by
decreasing cerebral ischemic injury in a rat model (Wang et al., 2002). This study
documented the ability of resveratrol to traverse the blood-brain barrier. It also binds to the
estrogen receptor and evidence suggests that regular wine consumption attenuates
perimenopausal symptoms and protects against osteoporosis.

Resveratrol has an ability to delay the onset of neurodegradation due to the formation
of B-amyloid plaque formation and oxidative stress. Alzheimer’s dementia (AD) leads to
progressive loss in the memory but the etiology of AD is completely unknown but formation

of B-amyloid plaques have been found to be highly neurotoxic which occurs in AD.



Oxidative stress serves as a precursor for the amyloid precursor protein formation leading to
AD (Karuppagounder et al., 2009).

Why Endophytic fungi be explored as a source of Resveratrol?

Plant endophytic fungi is novel and abundant microorganism resource, possessing the unique
ability to manufacture the analogous compounds originated from their host plants, as well as
other bioactive compounds (Strobel et al., 2004). In the past two decades researchers mainly
focused on the investigation of endophytic fungal diversity, relationships between endophytic
fungi and their host plants, seeking for natural bioactive compounds originated from the
endophytic fungi, and improving the productivity of some potential candidates by taking
advantage of genetic engineering, microbial fermentation projects and other measures
(Strobel et al.,2004).

Endophytic fungi are prolific producers of bioactive novel compounds that have
commercial value. An array of natural products has been characterized from endophytes,
which include anti-cancerous, anti-oxidants, anti-fungal, anti-bacterial, anti-viral, anti-
insecticidal and immunosuppressant. World’s first billion-dollar anticancer drug, paclitaxel
(Taxol) is produced by Pestalotiopsis microspora which is a colonizer of Himalayan yew tree
Taxus wallichiana. (Strobel and Daisy, 2003).

Resveratrol as a potent drug molecule for the cure of various diseases is supposed to
be produced by the plant sources or through the gene transfer method but both the ways of
resveratrol production is cumbersome and expensive process. As endophytic fungi reside
inside the host plant it mimics all the property of the host so it could be a potent source for
production of resveratrol for commercial use. Therefore endophytes can be explored for

novel biological active secondary metabolites.
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Review of Literature







2. Review Literature

Resveratrol (RSV) or trans-3, 4, 5-trihydroxystilbene was originally identified as a phytoalexin
that in nature protects plants against infection against fungi especially Botrytis cinerea
(Langcake and Pryce, 1976). Resveratrol was identified as a phytochemical since 1940’s when it
was first isolated from white hellebore (Veratrum grandiflorum O. Loes) and later from the
medicinal plant Polygonum cupsidatum. Resveratrol is found in at least 72 plant species (Dercks
and Creasy, 1989) and is formed via a condensation reaction between 3 molecules of malonyl
CoA and 1 molecule of 4-coumaroyl CoA (Soleas et al., 1997). Both of these plants find use in
the Chinese as well as Japanese medicine. Resveratrol was initially identified as an inhibitor of
enzymes involved in Arachidonate metabolism in the leukocytes and of partially purified
kinases. Resveratrol is also present in peanuts, soys and other plant product. In spite of their
dietary habits the French population has a lower incidence of cardiovascular diseases —i.e. the
French paradox has been attributed to uptake of resveratrol by red wine consumption which is a
long standing component of their diet (Fremont, 2000). Thus this paradox has been the primary
driver for impetus in research on resveratrol. With the increasing researches the market value and
demand of resveratrol is increasing globally. In order to meet the market requirement the

resveratrol has to be produced through cheaper and easy method.

2.1. Medicinal value of Resveratrol

Incidentally the first use of grape extracts as medicine has been dated 2000 years ago as
“darakchasava”, a well-known Indian herbal preparation of which the main ingredient is Vitis
vinifera (Paul et al., 1999). This Ayruvedic medicine was prescribed as a cardiotonic. Today
resveratrol has wide ranging biologicalactivities and consequently many different targets and
mechanisms of action. Resveratrol can prevent or slow the progression of several diseases,
including cardiovascular disease (Bradamante et al., 2004), carcinogenic and neurodegenerative
(Jang and Surh, 2001), prevent many aging processes and increase longevity as well (Baur et.al,
2006).Resveratrol also has anti-inflammatory (Langcake et al., 1996), antioxidant and

antimicrobial properties (Docherty et al., 2007).

2.1.1 Anti- cancer and chemopreventive activity

Resveratrol possesses cancer chemo-preventive and cytostatic properties via initiation,



promotion and progression of carcinogenesis (Jang et al., 1997). Wolter et al., (2001) reported
that resveratrol inhibited growth and proliferation of Caco-2 cells through apoptosis. The
resveratrol has the potency to inhibit the COX enzyme which primarily catalyzes the conversion
of arachidonic acid into prostaglandins, a pro-inflammatory substance which can stimulate tumor
cell growth, suppress immune surveillance (Plescia et al., 1975; Goodwin, 1984) and can activate
carcinogens to forms that damage genetic material (Zenser et al., 1983). It work as a
chemopreventive agent also by producing its effect on cell apoptosis and anti-proliferation
(Aluyen et al., 2012).1t induces apoptosis by inhibit (ERK-1/2) gene suppressing the levels of
estrogen and insulin growth factor -1 (IGF-1) receptor (Sheth et al., 2012) and can also induced
anti-angiogenesis by suppression of PKG signaling and decreased expression of the cell-survival
proteins c-1AP1, c-1AP2 and XIAP (Wong & Fiscus, 2015).

2.1.2 Neuroprotective activity

Resveratrol has been reported to be effective in neuroprotective activity which is attributed to its
anti-oxidant properties. It has been found effective against ischemic brain injury and in kainic
acid induced brain seizures or neuronal damage in rodents (Wang et al., 2002; Wang et al.,
2004). Resveratrol has an ability to delay the onset of neurodegradation due to the formation of
B-amyloid plaque formation and oxidative stress (Karuppagounder et al., 2009). Resveratrol
has also been tested for its beneficial effects in 6-hydroxydopamine induced Parkinson’s rat
model (Sun et al., 2010). In case of alzheimer’s disease (AD) resveratrol inhibits activity on -
secretase, the generation of the reactive oxygen intermediates, and the aggregation of BA peptide.
The derivatives of resveratrol such as the dimers scirpusin A and e-viniferin glucoside, could also
be considered as a potent preventive and therapeutic agents for the cure of AD (Richard et al.,
2011).The property of resveratrol to resveratrol ameliorate dnj-14 mutant phenotypes can
increase the lifespan which induces a SIRT- independent Caenorhabditis elegans worm
neuroprotective mechanism leading it to be a potent drug for the cure of a human
neurodegenerative disorder; Adult onset neuronal lipofuscinosis (ANCL) which characterizes the

progressive neuronal dysfunction and premature death (Kashyap et al., 2014).

2.1.3 Cardioprotective activity

Cardiovascular diseases are the leading causes of mortality throughout the world. The common



risk factors for cardiovascular diseases are hypertension, obesity, dyslipidemia, insulin
resistance, glucose intolerance and increased oxidative stress. A significant observation was the
South French population despite high fat consumption in their diet and heavy use of tobacco
products had a very low incidence of cardiovascular disease. This is referred to as French
Paradox and may be associated with the dietary consumption of red wine which is a dietary
source of resveratrol and may be associated with the positive cardiovascular effects of moderate
wine consumption (Constant, 1997). It has been found that resveratrol inhibits LDL (low density
lipoprotein) oxidation which is the key event in the initiation of atherosclerosis (Belguendouz et
al., 1997; Zou et al., 1999; Zou et al., 2000).

The interaction of resveratrol with multiple molecular targets and many intracellular pathways
such as action on sirtuins through multiple transcription factor induces autophagy which is

another form of stress adaptation it is a first line of protection against oxidative stress leading to
cardiovascular diseases (Petrovski et al., 2011).

2.1.4 Anti-ageing activity of Resveratrol

Anti-ageing interventions essentially refer to both cosmetic maintenance of age through
appropriate healthful appearance as well as stemming up the development of degenerative
diseases optimizing in the brain as well as in other tissues to prolong life. A family of
enzymes called Sirtuins specifically Sirtuin 1 (SIRT1) possesses anti-ageing action. Resveratrol
has been found to activate SIRT1 and also exhibits the anti-oxidant effects.

Thus SIRT1 activation leads to modulation of a variety of proteins including peroxisome
proliferator activated receptor co- activator-1 a, protein kinase B, and NF«kp. SIRT belongs to
histone deacetylases. During in vitro screening of SIRT1 activators, Resveratrol was identified
as the most potent of all the 18 inducers who activity was tested during the assay (Baur and
Sinclair, 2006; Balan et al., 2008). Resveratrol extends the life span in Saccharomyces
cerevisiae, Caenorhabditis elegans (Tissenbaum and Guarente, 2001) and Drosophila
melanogaster only of the genes of SIRT?2 are present in these organisms. Resveratrol has shown
to extend the lifespan of short lived fish by 59% concomitant with maintenance of learning and
motor function (Valenzano and Cellerino, 2006; Terzibasi et al., 2007). Resveratrol has also
been found to be an activator of human SIRT1 (Borra et al., 2005).The selective knock-out or
over-expression of SIRT1 in human mesenchymal stem cells leads to acceleration or delay of

senescence, resveratrol transiently promotes proliferation of mesenchymal stem cell without



affecting their lifespan (Yuan et al., 2012) which prolongs the lifespan of cell leading to an anti-
aging effect.

2.1.5 Anti-microbial activity of Resveratrol

Phytoalexins are low molecular weight compounds which exhibit biological activity against a
range of plant as well as human pathogens (Jeandt et al., 2002; Mahady, 2005). Resveratrol
was initially identified as a phytoalexin in Vitis vinifera (grapes) which has been subjected to
intensive investigation because of multiple implications on human health. as resveratrol
possesses anti-oxidant properties it is expected that it may also possess antimicrobial effects
and may be used to prevent microbial infections. Resveratrol has been previously reported to
possess anti-viral activity. Resveratrol has been found to inhibit the growth of Helicobacter
pylori which is responsible for duodenal ulcer disease, dyspepsia, peptic ulcer and gastric B
cell lymphoma (Mahady and Pendland, 2000). It is found that its activity is more towards

gram-negative bacteria than gram-positive bacteria (Alam et al., 2013).

2.1.6 Anti — diabetic agent

Diabetes mellitus is a modern day epidemic which is characterized by high blood sugar
level which may be due to abnormal insulin secretion or insulin receptor or post receptor
events affecting the overall metabolism of carbohydrates, fats and proteins. Resveratrol has
been found to improve insulin action in different animal models (Sharmaet al., 2011). The
anti-hyperglycemic and anti-oxidant activity of resveratrol has been assessed by its
modulatory effects on the activities of carbohydrate metabolizing enzymes in the kidney and in
the hepatic tissues of streptozotocin-nicotinamide induced diabetic rats (Palsamy and
Subramanian, 2009; Movahed et al., 2013).

2.2 Sources of resveratrol
All of the families found to contain resveratrol belong to the spermatophytes division-

Vitaceae, Myrtaceae, Dipterocarpaceae, Cyperaceae, Gnetaceae, Leguminosae, Pinaceae,


http://www.sciencedirect.com/science/article/pii/S0278691513002214#b0665

Moraceae, Fagaceae, Liliaceae ( Langcake and Pryce, 1976). Resveratrol has most often been
reported in non-edible plants: vine, eucalyptus, spruce, and the tropical deciduous tree Bauhinia
racemosa, Pterolobium hexapetallum (Cassady et al., 2000; Soleas et al., 1997). Foods known to
contain resveratrol are limited to grapes, wine, grape juice, cranberries, cranberry juice
(0.278 ppm, Wang et al., 2002), peanuts, and peanut products (0.03-0.147 ppm in roasted
peanuts: Sanders et al., 2000 and Sobolev and Cole, 1999; 5.14 +£2.85ppm in boiled
peanuts: Sobolev & Cole, 1999; and 0.27-0.75 ppm in peanut butter: Ibern-Gémez et al.,
2000 and Sobolev and Cole, 1999). Recently, Callemien et al., (2003) detected trans-
resveratrol, trans-piceid, and cis-piceid in hop, this suggesting that stiloenes might also be found
in beer. (Vastano et al.,, 2000) have shown that the roots of the weed Polygonum
cuspitadum constitute one of the richest sources of resveratrol (2960-3770 ppm).

Source Percentage of Resveratrol Reference
Plants
Polygonum cuspidatum 73.8% Wang et al., 2013
Arachis hypogea 0.09 to 0.30 pg/gm Lee et al., 2004
Vitis rotundifolia In seed- 30.1 % Ector et al., 1996
(muscadine berries) In skin- 23.4 %

Food Products

Roasted peanut 0.27 pg/gm- traces Lee et al., 2003
Peanut butter 0.27 t0 0.70 pg/gm Lee et al., 2003
Fungi

Alternaria sp from Vitis vinifera  6-123 pg/L Shiet al., 2012

Table no. 1 Sources of Resveratrol

2.3. Endophytes: Bioresource to novel metabolites

Endophytes are microbial entities that live within living tissues of plants. In most cases their
interaction with the host plant is symbiotic and probably mutualistic. Fungal endophytes
comprise a diverse group of fungi that inhabit living plant tissues without inducing disease

symptoms (Petrini, 1991). Endophytes residing in tropical plant species benefit the host plant by
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providing protection from insect attack (Arnold and Lewis, 2005). Endophytic fungi have been
found in most plant species including terrestrial plants from different parts like fruits, stems or
bark, roots, leaves, tubers, buds, xylem and rachis of grasses, palms, banana, mangroves and
halophytes.

The types of plants having this association are quite diverse, which include mosses,
liverworts, pteridophytes, gymnosperms and angiosperms. It is now widely accepted that
endophyte-free plants are few, and this is especially true for shrubs and trees (Gennaro et al.,
2003). An array of natural products has been characterized from endophytes, which include anti-
cancerous, anti-oxidants, anti-fungal, anti-bacterial, anti-viral, anti-insecticidal and

immunosuppressants (Strobel et al., 2003).

COMPOUND SOURCE ORGANISM ACTIVITY REFERENCES

Paclitaxol Taxus andreanae Prostate, ovarian, Slichenmyer &
breast and lung cancers Von Hoff, 1991

Podophyllotoxin  Diphylleia sinensis Anticancer, antiviral, Puriet al., 2006
antioxidant
Camptothecin Entrophospora infrequens  Antineoplastic agents Kaufmann, 1989
Ambuic acid Pestalotiopsis microspora  Antifungal agent Lietal, 2001
BrefeldinA Phoma medicaginis Antibacterial Wang et al,
2007

Table no.2 Vital active compound from endophytic fungus.

2.4. Production of Resveratrol

The main producer of trans-Resveratrol from root extracts is China using an extraction process.
The level of trans-resveratrol purity in these extracts varies between 49%-99% (Changsha
Nutramax Inc. 2009). Plant cell suspension cultures of Polygonum species, Vitis vinifera and
Arachis hypogea have been attempted for trans-resveratrol production under controlled
conditions but production higher than native state have not been achieved by untreated plant cell

cultures. The additional challenge posed by plant cell cultures is instability in the production of



secondary metabolites during long term cultivation (Kiselev and Bulgakov, 2009; Kiselev et al.,
2009). Plant cell and tissue culture offer alternatives for the production of resveratrol. The
production of trans-resveratrol in plant cell cultures e.g., cell cultures of Vitis sp, Arachis
hypogea, has been analyzed by several groups (Morales et al., 1998; Chen et al., 2007; Medina-
Bolivar et al.,2007; Kiselev et al.,2007). Microorganisms have also been genetically manipulated
in order to optimize the production of resveratrol through the fermentation route. Transgenic
yeast Saccharomyces cerevisiae (CEN.PK113-3b strain) has been developed and is being tested
for the production of trans-resveratrol (Beekwilder et al., 2006).

The recent method used for resveratrol production is through recombinant gene
expression system in E.coli by screening genes of biosynthetic pathway and combinations of
4CL and STS genes. This includes the gene expression system, strain background and Malonyl-
CoA availability (Lim et al., 2011)

2.5 Screening for resveratrol

2.5.1 Biochemical Tests:

Phenolic compounds are not only widely employed in industry but are distributed in liberal
variety throughout the animal and vegetable kingdoms. Many are found by the biologists to
occur naturally as products of metabolism; several are used as medicine or antiseptics. Since
quantities available were often small, the hydroxyl groups remain in the final product the acidic
properties of this group determine the conditions under which color appears or changes of color
take place (Jumaily et al., 2014).

The Liebermann reagent named after Hungarian chemist Leo-Liebermann (1852-1926) is
been used as a simple spot-test to presumptively identify organic compound with free para
position. It is composed of a mixture of potassium nitrite and concentrated sulfuric acid is used
to screen out the cultures likely to produce resveratrol as it has the free para position in the
structure. After that the confirmatory test of using acetic anhydride in place of potassium nitrite

enhances the possibility of presence of resveratrol in the culture broth (Jumaily et al., 2014).

2.5.2.1. Thin Layer Chromatography (T.L.C)

TLC is simple, quick, and inexpensive procedure that gives a quick resolution of the components
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present in a mixture. TLC is also used to support the identity of a compound in a mixture when
the R¢ of a compound is compared with the Rt of a known compound (preferably both run on the
same TLC plate). According to the principle of TLC the components will differ in solubility and
in the strength of their adsorption to the adsorbent and will separate accordingly. TLC method
was used by several researchers to identify resveratrol (Babu et al., 2005; Malele, 2014 and Park
and Boo, 2013). Babu et al., (2005) has performed thin layer chromatography using solvent
Chloroform: ethyl acetate: formic acid (2.5:1:0.1v/v/v) and reported the presence of resveratrol
from Polygonum cuspidatum and similarly Malele R.S., (2014) has also used this solvent system
to report the presence of resveratrol in grape berry skin.

The presence of resveratrol in Vitis vinifera is also been reported using TLC in solvent
system of Chloroform: methanol: Acetic acid (90:10:1 v/v/v) by Park and Boo, (2013).

2.5.2.1 High Performance Liquid Chromatography (HPLC)
HPLC is a separation technique that involves the placement (injection) of a small volume of
liguid sample into a tube packed with porous particles i.e. column (stationary phase) where
individual components of the sample are transported along the packed tube (column) by a liquid
moved by gravity. The components of the sample are separated from one another by the column
packing that involves various chemical and/or physical interactions between their molecules and
the packing particles.

HPLC was used by several researchers to identify and purify resveratrol (Shi et al., 2012;
Wang et al., 2013 and Sanders et al., 2000). Shi et al., 2012 has performed HPLC using
Acetonitrile: Water as mobile phase in the gradient mode with C18 column as stationary phase.
The flow rate was taken as 1mL/min to identify the production of resveratrol by an alternaria sp.
Similarly Babu et al., (2005) has also used Acetonitrile: Water (60:40 v/v) but in isocratic mode
with the flow rate of 0.6 mL/min at wavelength of 280nm to report the presence of resveratrol.

Wang et al., (2013) has reported the presence of resveratrol from Polygonum cuspidatum
with mobile phase comprising of Acetic acid: Acetonitrile: Water (2:20: 80 v/v/v) at the
wavelength of 290nm with the flow rate of ImL/min. Sanders et al, 2000 have eluted resveratrol
with the linear gradient of Acetonitrile and 0.1% TFA at 308nm from Peanuts. The isocratic

mobile phase of Acetonitrile: Water (40:60 v/v) with the flow rate of 0.3mL/min at wavelength



of 306nm was used to identify the presence of resveratrol from Korean Peanut Butter and the
content found was too high (Lee et al., in 2004).

2.6. Identification of Endophytic fungi

2.6.1 Morphological identification:

Morphological taxonomy has to be carried by microscopic study of the fungal structures such as
mycelia, fruting bodies, spores are very important features as fungal taxonomy is traditionally
based on comparative morphological features (Zhang et al., 2008). Various optimization of
growth conditions have been used in case of the fungi which are non-sporulating in the culture as
, they cannot be identified by the conventional techniques otherwise so different media such as
Potato dextrose agar (PDA), Water agar (WA),Malt Extract Agar (MEA), Corn meal agar
(CMA) have been used in which the fungi sporulate. (Guo et al., 2000).

2.6.2 Molecular technique:

In contrast the molecular techniques exhibit more sensitivity and specificity for identifying
microorganisms and can be used to classify the microbes on the diverse hierarchical taxonomic
levels (Sette et al., 2006). Most of the endophytic fungi are being identified and detected by the
comparative analysis of ribosomal DNA sequences especially ITS region. The arbuscular
mycorhizzal fungi is identified using the ITS (internal transcribed site) region. The 5.85 S
ribosomal gene flanking region ITS 1 and ITS 4 have been used to identify the resveratrol
producing fungi (Shi et al., 2012).
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3. Aim of the study
1. Isolation of endophytic fungi from the plant Vitis Vinifera
2. Screening and identification of resveratrol producing endophytic fungi

3. Purification of resveratrol produced from endophytic fungi.
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4. Material and Method

4.1 Plant Sample collection and Isolation of endophytic fungi

Healthy plant parts of Vitis vinifera were collected from the Rajendra nagar of Lucknow, Uttar
Pradesh in the month of September 2014 and were transferred to sterile zip-lock plastic bags and
stored at 4°C until isolation. Briefly describing, the collected plant sample (stems and leaves)
were surface sterilized by immersing them in 0.1% sodium hypchlorite solution for 2-3 min
followed by 70% ethanol for 1 min and then subsequent washing with 30% ethanol for 45 sec.
The sterilized sample was cut into 1-2 mm pieces with the help of sterile blade and was
inoculated onto Potato Dextrose Agar (PDA) plate supplemented with chloramphenicol (100
mg/ml). The inoculated plates were incubated at 28°C to promote the growth of endophytes and
were regularly monitored for the profuse fungal growth. The fungal hyphae emerging out of the
inoculated sample was picked up by inoculation loop and, subcltured on to fresh PDA plate to
get pure culture. The purified endophytic isolates were transferred aseptically to PDA slants

containing 20% glycerol for long term preservation.

4.2 Procurement, Maintenance and Preservation of endophytic fungi
63 cultures were procured from the pre-existing repository of endophytic cultures in Dr. Sanjai
Saxena, Thapar University, Patiala Laboratory. These cultures were maintained and preserved as

described above.

4.3 Production of culture filtrates

All the endophytic cultures for subjected to culture filtrate production by inoculating 5 mm
mycelial disc of 7-10 day old fungal culture to 50 ml pre-sterilized Czepak Dox Broth (CDB)
medium in 250ml Erlenmeyer flasks. The flasks were incubated in incubator shaker at 26°C, 120
rpm for 7 days. After the incubation is over, spent broth was separated from mycelia by filtration
through Whatman filter paper 4 followed by centrifugation at 12,000 rpm for 10 min to get cell
free filtrate (Rodrigues et al., 2000, Vicente et al., 2001).

4.4 Screening of Resveratrol producing endophytic fungi
The culture filtrates of endophytic fungi were then screened for Resveratrol production by using

two biochemical assays for the detection of phenolic compounds.
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4.4.1 Libermann Test (Jumaily et al., 2014)

This assay is used to detect phenolic compounds with free para position. To the 2ml of culture
filtrate of each endophytic fungi, 1 ml of conc H,SO, followed by few drops of NaNO, (1mg/ml)
was added. The appearance of green/blue-violet colour indicates the presence of phenolic
compound. Resveratrol (Sigma-Aldrich) and Un-inoculated Czepak Dox broth was used as

positive and negative control respectively.

4.4.2. Acetic Anhydride test (Jumaily et al., 2014)

This test is based upon the detection of phenolic compound with free —OH group. To 1 ml of
culture filtrate, 100uL of acetic anhydride and 500uL of conc. H,SO,4 was added. The reaction
mixture was then observed for the appearance of greenish brown precipitate indicates the
presence of phenolic compounds in the test sample. Resveratrol (Sigma-Aldrich) and Un-

inoculated Czepak Dox broth was used as positive and negative control respectively.

4.5 Solvent Extraction

The cultures exhibiting resveratrol production was then subjected to liquid-liquid extraction for
the probable isolation of bioactive residue. The culture filtrate was extracted with ethyl acetate in
the ratio of 1:3. The organic layer was pooled out and the extraction procedure was repeated
thrice. The organic layer was dried with addition of anhydrous sodium sulphate and evaporated
in rotatory evaporator at 30°C to dryness to get crude bioactive fraction. The fraction so obtained
was weighed, reconstituted in methanol and again screened for the presence of resveratrol by

biochemical assays used above.

4.6 TLC analysis

The crude bioactive fraction of the cultures exhibiting resveratrol production was fractionated by
subjecting to preparative thin layer chromatography (TLC). The TLC plate of 0.5mm thickness
was prepared by coating silica gel (Merck) on to 20 x 15 x 5 mm clean glass plates and was
activated by incubating at 100°C for 2h prior to use. The sample was spotted on to activated TLC
plate just 1 cm above the edge of plate with the help of capillary. Simultaneously, the TLC
chamber was saturated with different solvent systems (Binary and tertiary) consisting of mixture

of solvents of different polarities and ratios for 30 min. The TLC plate was kept in saturated TLC
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chamber in such a way that the sample spot is above the solvent level. When the solvent front
reaches up to the desired level, the TLC plate was taken out and allowed to air dry. The
Chromatogram was developed by visualizing the TLC plate under UV light. Resvertarol was
used as standard for the comparison of R¢ value. Retention factor (Rys) value of each band was
obtained as the ratio of distance moved by solute to that of solvent.

Retention Factor (R¢) = Distance moved by solute

Distance moved by solvent

4.7 High Performance Liquid Chromatography

The concentration of crude bioactive fraction of selected positive isolate was determined by
HPLC (Perkin Elmer- 200 series pump). 50ug of crude bioactive fraction was dissolved in
methanol and injected into the HPLC column. Gradient elution of orthophosphoric acid (0.1%)
and acetonitrile ranging from 10% to 70% was used as mobile phase with a flow rate of 1
ml/min. To determine the concentration of fungal Resveratrol, different dilutions of standard
Resveratrol (Stock- 1 mg/ml, Sigma Aldrich) ranging from 0.1 - 1.0 mg/ml were prepared in
HPLC grade Methanol. 20ul of each dilution was injected into C18 (5 um) reverse phase
Discovery column (Sigma Aldrich) with 4.6 mm Internal Diameter x 150 mm Length. The data
of the peak area vs. concentration of the standard Resveratrol obtained were used to estimate the

quantity of fungal resveratrol in crude EA fraction.

4.8 Purification of fungal resveratrol

For the isolation of pure resveratrol, band of interest was scrapped off from the TLC plate and
the fraction so collected was reconstituted in Methanol followed by centrifugation at 8000 rpm
for 15 min to remove excess silica. After that the fraction collected was passed through the
Whatman filter-paper no.1 and was completely evaporated in rotatory evaporator at 30°C to get

purified fraction. The purified fraction was dissolved in methanol and stored at -20° C.
4.9 ldentification of Endophytic Fungi

The selected isolate showing reserveratol production was identified by classical and molecular

taxonomy
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4.9.1 Morphotaxonomy

The isolate found to be potential producer of resveratrol was examined under the microscope for

the identification on the basis of their morphological and microscopic characters. The culture
was grown over different media namely Potato dextrose Agar (PDA), Corn meal agar (CMA),
Water agar (WA), Grape leaf agar (GLA), synthetic nutrient deficient Agar (SNA), Malt extract
agar (MEM), Czepak Dox Agar (CDA) for 4-5 weeks at 26° C. Morphological characteristics
such as colony color, appearance, growth rate was observed carefully and noted. For microscopic
features, a drop of water was put on clean glass slide, upon which the mycelial mass was placed
and teased properly with the help of fine tip needle. It was then stained with Lactophenol cotton
blue (Hi Media). The slide was covered with 18 x 10 mm cover slip avoiding the formation of air
bubble and mounted with DPX. The slide was observed at 10X, 40X and 100X using Nikon

binocular microscope.

4.9.2 Molecular Identification of endophytic fungi

4.9.2.1 DNA Isolation

The fungal genomic DNA was isolated from 5-7 day old culture grown on PDA plate using
Wizard® Genomic DNA purification kit (Promega, USA). 2-3 mycelial plug of 5 mm diameter
was crushed into very fine powder in sterile pestle and mortar by using liquid nitrogen. 660-
750ul of the Nuclei lysis buffer was added and it was again crushed. The contents were
transferred to a 1.5 ml micro centrifuge tube and vortexed followed by incubation at 65°C in
water bath for 15 min. After the incubation, the micro centrifuge tubes were centrifuged at
12,000 rpm for 5 min to remove cell debris. Further 5ul of RNase was added to each tube and
incubated at 37°C for 15 min followed by addition of 200 ul of protein precipitation solution.
After this, the micro centrifuge tubes were centrifuged at 12,000 rpm for 3 min to remove
contaminating proteins. The aqueous phase containing DNA was transferred to iso-propanol
containing micro-centrifuge tube and centrifuged at 13,000 rpm for 3 min. The DNA pellet was
rinsed with 70% ethanol followed by centrifugation at 13,000 rpm for 1 min. Then pellet was air
dried and dissolved in 50ul of DNA dehydration buffer (Tris EDTA buffer (pH 8)). The

qualitative estimation of the DNA isolated was done by agarose gel electrophoresis.
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4.9.2.2 Agarose gel electrophoresis

0.8% agarose gel containing 0.5ug/ml of ethidium bromide (EtBr) was prepared in 1X TAE (Tris
Acetate EDTA) buffer and then gel was casted in the electrophoretic apparatus. The gel was
allowed to solidify and the comb was carefully removed. The running buffer (1X TAE) was
poured into the electrophoretic tank. The DNA samples mixed with the 6X loading dye were
loaded into wells and allowed to run at 50V for 1h. The DNA fragments were visualized under
UV transilluminator. Gel imaging was performed under UV light in Bio-Rad Gel documentation
System using Quantity-1-D analysis software.

Quantitative estimation of the genomic DNA was done by spectrophotometric analysis of
the sample. The absorbance of the sample was taken at 260 nm and 280 nm to determine the
concentration and purity of the sample. 1 OD is equivalent to 50ug/ml DNA sample. The
concentration of the DNA sample was calculated using following formula.

Concentration (pg/ml) = O.D2eonm x 50pg/ml x Dilution factor
The purity of the DNA sample was determined by taking the ratio of absorbance at 260nm and at
280nm. If the ratio is less than 1.6, then there is RNA contamination, if the ratio lies between
1.6-1.8, then DNA sample is pure. If the ratio is more than 1.8, the DNA might be contaminated

with protein.

4.9.2.3 PCR amplification

ITS1-5.8S-1TS2 rDNA sequence was amplified using universal primer pair i.e. ITS1and ITS 4,
synthesized by Integrated DNA Technologies (IDT), USA, in a Thermocycler (My Cycler, Bio-
Rad Laboratories, Inc.). Amplification reaction was carried out by using the primers ITS1 (5’
TCC GTA GGT GAA CCT GCG G 3°) ANDITS 4 (5 TCC TCC GCT TAT TGA TAT GC 3°)
(White et al., 1990). Amplification was performed in 25ul reaction mixture containing 25ng of
extracted fungal DNA, 0.8 uM of each primer (ITS1 and 1TS4), 2.5mM of dNTP (Bangalore
GeNei), 1.5 mM MgCl, (Bangalore GeNei), 1.5 U of Tag DNA Polymerase (Bangalore GeNei)
in 10 X Taq buffer (Bangalore GeNei). The Thermal cycling conditions consisted of initial
denaturation at 96°C for 5 min followed by 39 cycles of 95°C for 1 min, 58°C for 1.30 min, 72°C
for 1 min followed by final extension at 72°C for 5 min. The PCR amplicons were examined
using gel electrophoresis in a 1.5 % agarose gel at 40V for 1.30 hr. Gel imaging was performed

under UV light in Bio- Rad Gel documentation System.
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S.no Reagents Stock Quantity Final concentration/

concentration 25ul
1. Autoclaved double _ 15ul _
distilled water

2. Taq buffer 10 X 2.5ul 1X
3. dNTPs 2.5mM 2.0ul 0.2mM
4 Forward Primer (ITS1) 10pM 2.0ul 0.8 uM
5. Reverse Primer (ITS4) 10pM 2.0ul 0.8 uM
6. Taq DNA Polymerase 3u/ul 1.0 ul 25U
7. Template DNA 25 ng/ul 1pl 25ng

Table 3 Different reagents used during PCR reaction

An approximate 550- 600bp PCR amplicon was purified by using the Wizard® SV Gel and PCR
clean up system kit (Promega, USA). The purified amplicon was sent for direct sequencing to
Xcelris Labs Ltd., Ahmadabad, Gujarat.

4.9.2.4 Sequence assembly and Phylogenetic identification

The obtained chromatograms were manually edited and final sequence was submitted in the
GenBank. The homology of isolate was established by subjecting the final sequence to sequence
similarity search using BLAST. The final sequence along with 15 reference taxa was aligned
using CLUSTAL W in MEGA 5.0 (Tamura et al., 2011). The evolutionary relationship was
inferred using the Maximum Parsimony method. The Maximum Parsimony tree was obtained by
using the Close-Neighbor-Interchange algorithm (Nei and Kumar, 2000) with search level 3 in
which the initial trees were obtained with the random addition of sequences (20 replicates). The
tree was drawn to scale, with branch lengths calculated using the average pathway method (Nei

and Kumar, 2000) and are in the units of the number of changes over the whole sequence. Gaps
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and missing data were eliminated. 1000 bootstrap replicates were taken to infer evolutionary
relationship (Felsenstein, 1985).
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5. Results

5.1 Sub-culturing of endophytic isolates

In the present study, 72 Endophytic fungi were sub cultured regularly on PDA plates and
maintained at 28°C. All the isolates were preserved on to PDA-glycerol slants for long term
storage. The isolates in the present study were isolated from medicinally important plants
belonging to families Rutaceae (Aegle marmelos), Lauraceae (Cinnamomum malabaricum,
Cinnamomum zeylanicium, Cinnamomum camphora), Apocynaceae (Catharanthus roseus,
Raulwofia serpentina) and Vitaceae (Vitis vinifera) collected from the biodiversity hot spots of
India. Throughout the ages, human beings have always relied upon the plants for the medication
of various diseases such as Malaria, fever, warts, cancer, diabetes etc. In the past two decades,
many valuable novel bioactive compounds with antimicrobial, anti-aging, cytotoxic and
anticancer potential have been successfully discovered from the endophytic fungi. During the
long period of co-evolution, a responsive relationship was created between endophyte and its
host plant. Some of the endophytes have the ability to mimic the property of host plants and are
capable of producing the same or similar bioactive compounds as those derived from their host

plants. Hence the present study undertakes the exploitation of endophytic fungi isolated from

medicinal plants for the production of novel bioactive compounds.

Out of 72 endophytic fungi (Figure 2), 2 were isolated from leaves of Aegle marmelos, 48
endophytic fungi were isolated from Cinnamomum malabaricum- 11 were from bark, 12 from
leaf, 14 from stem, 11 from stem internal tissue, 4 endophytic fungi were isolated from stem
internal tissue and one from stem of Cinnamomum camphora, 9 were isolated from Vitis
vinifera- 8 were isolated from leaf and 1 from stem, 14 endophytic fungi were isolated from
Catharanthus roseus - 12 were from stem and 2 from leaf, 1 endophyte was isolated from bark of

Cinnamomum  zeylanicium as well as from stem of Raulwofia serpentina.
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Biochemical Tests

Acetic Libermann
S.no Culture Code Host Plant Identification Plant Part Place of Collection Anhydride Test
Test
1 #6AMLWLS Aegle marmelos Fusarium incarnatum  |_eaves Wayanad wildlife Sanctuary, Karnataka - -
2 #16AMLWIS Aegle marmelos Muscodor kashayum  Leaves Wayanad wildlife Sanctuary, Karnataka ++ -
3 #1CCSTITD Cinnamonum camphora M. darjeelingensis Stem Tiger Hills, Darjeeling, W.B - -
4 #6CCSTITD Cinnamonum camphora M. ghoomensis Stem internal tissue  Tiger Hills, Darjeeling, W.B - -
5 #6(b)CCSTITD Cinnamonum camphora M. indica Stem internal tissue  Tiger Hills, Darjeeling, W.B - -
6 #36CCSTITD Cinnamonum camphora Unidentified Stem internal tissue  Tiger Hills, Darjeeling, W.B - -
7 #1639CCSTITD Cinnamonum camphora M. camphora Stem internal tissue  Tiger Hills, Darjeeling, W.B - -
8 #4CMBABRT Cinnamomum malabaricum Bionectria sp. Bark BRT Wildlife Sanctuary, Karnataka - -
9 #12CMBABRT Cinnamomum malabaricum Bionectria sp. Bark BRT Wildlife Sanctuary, Karnataka - -
10 #18CMBABRT Cinnamomum malabaricum Clonostachys Bark BRT Wildlife Sanctuary, Karnataka - -
11 #2CMBANEY Cinnamomum malabaricum Alternaraia sp. Bark Neyyar, Kerala ++ +++
12 #12CMBANEY Cinnamomum malabaricum Alternaraia sp. Bark Neyyar, Kerala - -
13 #18CMBANEY Cinnamomum malabaricum Botryosphaeria sp. Bark Neyyar, Kerala + -
14  #20CMBANEY Cinnamomum malabaricum Lasiodiplodia sp. Bark Neyyar, Kerala - -
15 #21CMBANEY Cinnamomum malabaricum ~Fusarium sp. Bark Neyyar, Kerala - -
16 #22CMBANEY Cinnamomum malabaricum  Fusarium sp. Bark Neyyar, Kerala +++ ++
17 #ACMLBRT Cinnamomum malabaricum Alternaria sp. Leaves BRT Wildlife Sanctuary, Karnataka - -
18 #27CMLBRT Cinnamomum malabaricum Aspergillus sp. Leaves BRT Wildlife Sanctuary, Karnataka - -
19 #40CMLBRT Cinnamomum malabaricum  Alternaria sp. Leaves BRT Wildlife Sanctuary, Karnataka - -

22



20
21
22

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39
40

41

#1CMLNEY
#2CMLNEY
#17CMLNEY

#18CMLNEY
#23CMLNEY
#29CMLNEY
#37CMLNEY

#31CMLPITNEY

#35CMLPLM

#43CMSTITBRT
#6610CMSTITBRT
#ACMSTITNEY
#21CMSTITNEY
#54CMSTITNEY
#1622CMSTITNEY

# #1CMSTNEY
#11CMSTNEY
#13CMSTNEY
#26CMSTNEY

#35CMSTNEY
#36CMSTNEY

#43CMSTNEY

Cinnamomum malabaricum
Cinnamomum malabaricum

Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum
Cinnamomum malabaricum

Cinnamomum malabaricum

Cinnamomum malabaricum

Cinnamomum malabaricum

Unidentified
Unidentified

Pestalotiopsis sp.

Unidentified
Unidentified
Bionectria sp.
Bionectria sp.
Unidentified
Unidentified
Unidentified
M. strobelii
Arthrinium sp.

Arthrinium sp.

Pestalotiopsis sp.

Curvularia sp.

Arthrinium sp.

Pestalotiopsis sp.

Pestalotiopsis sp.

Unidentified
Unidentified

Unidentified
Unidentified

Leaves
Leaves
Leaves

Leaves
Leaves
Leaves
Leaves
Leaves

Leaves

Stem internal tissue
Stem internal tissue
Stem internal tissue
Stem internal tissue
Stem internal tissue

Stem internal tissue

Stem
Stem
Stem
Stem

Stem

Stem

Stem

Neyyar, Kerala
Neyyar, Kerala
Neyyar, Kerala

Neyyar, Kerala
Neyyar, Kerala
Neyyar, Kerala
Neyyar, Kerala
Neyyar, Kerala

Palampur

BRT Wildlife Sanctuary, Karnataka
BRT Wildlife Sanctuary, Karnataka

Neyyar, Kerala
Neyyar, Kerala
Neyyar, Kerala
Neyyar, Kerala
Neyyar, Kerala
Neyyar, Kerala
Neyyar, Kerala
Neyyar, Kerala

Neyyar, Kerala
Neyyar, Kerala

Neyyar, Kerala
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42
43
44
45
46
47
48
49

50
51
52

53
54

55
56
57
58
59
60
61

62
63
64

#AACMSTNEY
#A5CMSTNEY

#49CMSTNEY
#55CMSTNEY

#59CMSTNEY

#64CMSTNEY
#28CZBAG
#16CRLPAL

#37CRLPAL
#2CRSTBRT

#5CRSTBRT

#6CRSTBRT
#15CRSTBRT

#17CRSTBRT

#17(b)CRSTBRT

#26CRSTBRT
#29CRSTBRT
#37CRSTBRT
#42CRSTBRT
#43CRSTBRT

#ARSLBRT
#22CRSTNEY
#1VVLL

Cinnamomum malabaricum
Cinnamomum malabaricum

Cinnamomum malabaricum

Cinnamomum malabaricum
Cinnamomum malabaricum

Cinnamomum malabaricum
Cinnamomum zeylanicum

Catharanthus roseus

Catharanthus roseus

Catharanthus roseus
Catharanthus roseus

Catharanthus roseus

Catharanthus roseus
Catharanthus roseus
Catharanthus roseus
Catharanthus roseus
Catharanthus roseus
Catharanthus roseus
Catharanthus roseus
Catharanthus roseus

Rauwolfia serpentina
Catharanthus roseus

Vitis vinifera

Arthrinium sp.
Unidentified
Unidentified

Unidentified
Unidentified

Unidentified

Curvularia sp.

Fusarium sp.

Schizophyllum sp

Unidentified
Unidentified

Unidentified
Unidentified

Fusarium sp.
Unidentified
Alternaria sp.
Xylaria sp.
Xylaria sp.
Fusarium sp.
Unidentified
Fusarium sp.
Xylaria sp.
Unidentified

Stem
Stem

Stem
Stem

Stem

Stem
Bark

Leaves

Leaves

Stem
Stem

Stem

Stem
Stem
Stem
Stem
Stem
Stem
Stem
Stem

Leaves
Stem

Leaves

Neyyar, Kerala
Neyyar, Kerala

Neyyar, Kerala
Neyyar, Kerala

Neyyar, Kerala
Neyyar, Kerala

Guwahati, Assam

Palampur
Palampur
BRT Wildlife Sanctuary, Karnataka
BRT Wildlife Sanctuary, Karnataka

BRT Wildlife Sanctuary, Karnataka
BRT Wildlife Sanctuary, Karnataka

BRT Wildlife Sanctuary, Karnataka
BRT Wildlife Sanctuary, Karnataka
BRT Wildlife Sanctuary, Karnataka
BRT Wildlife Sanctuary, Karnataka
BRT Wildlife Sanctuary, Karnataka
BRT Wildlife Sanctuary, Karnataka
BRT Wildlife Sanctuary, Karnataka

BRT Wildlife Sanctuary, Karnataka
Neyyar, Kerala

Rajendra nager, Lucknow

+++

+++

++

++
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65
66
67
68
69

70

71
72

#1(b)VVLL
#3VVLL
#AVVLL
#8VVLL
#OVVLL

#13VVLL

#35VVLL
#5VVSTL

Vitis vinifera
Vitis vinifera
Vitis vinifera
Vitis vinifera
Vitis vinifera
Vitis vinifera
Vitis vinifera

Vitis vinifera

Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified

Quambalaria sp.

Leaves
Leaves
Leaves
Leaves
Leaves

Leaves

Leaves

Stem

Rajendra nager, Lucknow
Rajendra nager, Lucknow
Rajendra nager, Lucknow
Rajendra nager, Lucknow
Rajendra nager, Lucknow
Rajendra nager, Lucknow

Rajendra nager, Lucknow

Rajendra nager, Lucknow

+++

+++

[(-) no pigmentation, (+) average (70-80%), (++) good (80-90%), (+++) very good (>90%)]

Table No. 4 Endophytic isolates used for Resveratrol production
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5.2 Production of culture Filtrate

The isolates under present investigation were subjected to secondary metabolites production in
CDB medium. Biomass production was considered as a parameter to infer the growth rate of
fungal cultures. #8VVL was showing the highest and #1CCSTITD showing the lowest biomass
production. Biomass production of some of fungal cultures ranging from highest to lowest is
listed in Table no.5. The pH of culture filtrates of most of the isolates were found to be static
except that of #16AMLWLS, #1CCSTITD, #2CCSTITD and #6CCSTID whose pH value drops
downto 6.7.

Culture Code Weight of biomass (in
gram)

# 1CMLNEY 2.30

# 3VVLL 3.14

# 43CMSTITBRT 1.93

# 8VVLL 3.75

# 20CMBANEY 1.81

#5VVSTL 0.82

# 6610CMSTITBRT 0.78

# 1CCSTITD 0.56

Table no.5 Biomass production of different cultures under study

5.3 Biochemical screening assays of Resveratrol producing endophytic fungi

Two biochemical tests for the detection of phenolic compounds viz. Liebermann and Acetic
anhydride tests were used for probable detection of Resveratol in ethyl acetate extracts of all
endophytic fungi. Only 9 isolates viz. #16CRLPAL, #5VVSTL, # 54CMSTITNEY,
#2CMBANEY, #17CMLNEY, #28CZBAG, #55CMSTNEY, #35CMSTNEY were found to be
positive for resveratrol production. In Liebermann and Acetic anhydride test, formation of Red
precipitate and dark greenish brown coloration respectively confirms the presence of Resveratrol
(Figure 3). In both the tests, #5VVSTL and #16CRLPAL were potent Resveratrol producers
followed by #54CMSTITNEY, #17CMLNEY, #55CMSTNEY, #35CMSTNEY which were
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Figure 3. Biochemical assays for screening Resveratrol a) Liebermann Test b) Acetic Anhydride

test. Negative control- un-inoculated CDB medium, Positive Control- Resveratrol, Test- ethyl
acetate fraction of #5VVSTL.

found to exhibit 80 -90 % activity and two cultures viz. #2CMBANEY, #28CZBAG were
showing 70-80% activity. Hence, these nine cultures were further subjected to liquid-liquid

extraction.

5.4 Solvent extraction
The cell free filtrates of #5VVSTL and #16CRLPAL were subjected to liquid-liquid extraction
by ethyl acetate. The bioactive residue was reconstituted in Methanol. The maximum yield of the
bioactive residue was obtained from #5VVSTL (280 mg) and
was found to be lowest in the case of #16CRLPAL (110 mg)
(Table 6). Ethyl acetate extracts of these selected fungal cultures
were again subjected to biochemical screening assays.
#5VVSTL and #16CRLPAL were found to be most potent
Resveratrol producer. #5VVSTL produced deep violet colored

compound similar to that of color of red wine (Figure 4). As the

yield of #5VVSTL was found to be greater than #16CRLPAL Figure 4 violet colored ethyl

so it was selected for further analysis. acetate extract of #5\/VSTL
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Culture Code

Yield of crude

compound (mg)

5VVSTL
16CRLPAL
54(B)CMSTITNEY
96CMSTITNEY
2CMBANEY
17CMLNEY
28CZBAG
55CMSTNEY
35CMSTNEY

280.01
110.10
180.40
150.00
120.10
180.20
113.31
150.20
180.10

Table 6 Yield of bioactive residue of different cultures under study

5.5 Thin Layer Chromatography (TLC)

The crude ethyl acetate fraction of #5VVSTL was subjected to different combinations of

solvents (Table 7) to achieve good separation. The best separation of crude EA extract of
#5VVSTL was observed in Chloroform: ethyl acetate: formic acid in the ratio of 10: 2.7: 0.4

which resolved the extract into 7 different bands. The R value of Band 1 to Band 7 was 0.06,
0.14, 0.27, 0.51, 0.63, 0.78 and 0.96 respectively. The standard Resveratrol exhibited R¢ value of
0.63 which was same as that of Rs value of Band 5 of crude EA extract of #5VVSTL.

S.No. Solvent System Ratio Used (V/V/IV) Result

1 n- hexane : ethyl acetate : formic acid 2.5:2.375:0.25 No separation
2 n- hexane : ethyl acetate : formic acid 2:19:0.1 No separation
3 n- hexane : methanol : formic acid 2.5:2:0.025 No separation
4 Chloroform : methanol : acetic acid 3:0.33:0.03 No separation
5 ethyl acetate : methanol : formic acid 2.5:2:0.02 No separation
6 Benzene : Methanol 3:0.33 No separation
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7 Methanol : Hexane 2:2 No separation
8 Chloroform : ethyl acetate : water 5:4:1 No separation
9 n- hexane : ethyl acetate : water 4:4:1 No separation
10 Chloroform : ethyl acetate : formic acid 10:4:04 Single Band
11 Chloroform : ethyl acetate : formic acid 10:2:04 Single Band
12 Chloroform : ethyl acetate : formicacid | 10:2.7:0.4 7 bands

Table no.7 Different mobile phase used for TLC of ethyl acetate extract of #5VVSTL

5.6 Purification of Resveratrol by TLC

The band with R¢ value same as that of Standard Resveratrol was scrapped off from TLC plate
and was suspended in Methanol. The yield of the purified fraction was 40 mg. It was again
subjected to preparative TLC along with standard Resveratrol in optimized solvent system. The
Purified and standard Resveratrol were visualized under UV light as violet colored single spot on
TLC at same R; of 0.63 (Figure 5)

Purified 5 ¢ Standard
Resveratrol (Resveratrol)
of #5VVSTL

Figure 5 TLC of purified and standard Resveratrol.

5.7 HPLC of crude EA extract and purified Resveratrol fraction of #5VVSTL

The purity and concentration of purified Resveratrol was ascertained from the data of peak area
vs concentration of standard Resveratrol (Figure 7). Different concentrations of standard
Resveratrol were injected into HPLC and analyzed (Table 8, Figure 6). The concentration of

purified fraction was 0.24 mg. The HPLC spectra of crude fraction showed one small peak at
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O h T T T 1
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Figure 6 Data of peak area (mAU) and Table 8 Peak area and retention time of
concentration (mg/ml) of standard Resveratrol. different concentrations of Resveratrol
120,004 a) 400004 b)
j /\ 100.00-
Zl[EL: AN 5000
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Figure 7 HPLC graphs of different concentrations

of standard Resveratrol a) 0.1 mg/ml b)
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with retention time of 5min and one prominent peak at retention time of 35 min comparable to
that of single symmetric peak (Retention time- 35.2 min) of standard resveratrol along with
many small peaks (Figure 8a, b). The HPLC spectra of purified Resveratrol revealed a single

symmetric peak at retention time 35.2 min similar to that of standard resveretrol (Figure 8c, d)

5.8 Identification of endophytic fungi

The potential isolate #5VVSTL was identified on the basis of morphotaxonomy and Molecular
taxonomy tools.

5.8.1 Morphotaxonomy

Colonies over PDA medium were pink in color, moderately growing (38.6+2.08 mm), velutinous
with wavy rough margins and radial crevices (Fig 9a). The fungus produced violet pigment at
neutral pH whereas at 5.5 pH, the fungus did not produce violet pigment (Fig 9b). The fungus

Figure 9 Colony morphology of Quambalaria cyanescens (#5VVSTL) over different media a)
PDA (pH 7) pink velvety to powder like compact colonies with violet pigmentation b) PDA (pH
5.5) No violet pigment formation c¢) CDA (pH 7) Colony over CDA with violet pigment
formation d) — f) Colony over CMA, SNA and GLA media respectively.
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d: over SNA, a) cluster of primary and secondary conidia b)-c) variable sized conidiogenous

cells d) Scattered conidia in medium; e-g: over CDA, €) Conidiogenous cells formed over CDA
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medium f)-g) primary conidia cluster h: conidia over PDA medium i-j: over CMA, i)
conidiogenous cells with geminating primary conidia formation j) primary and secondary conidia
k-m: over GLA, k) hyphal coils I) conidia over GLA m) conidiogenous cells with conidia cluster.

formed pinkish-violet colored, floccose to woolly and moderately growing colonies (50.33+ 3.06
mm) over CDA medium with violet pigment production (Fig 9c). Over CMA, SNA and GLA the
fungus formed violet colored slow to moderately growing (40.3£1.15 mm, 24.67+ 1.15 mm
48.67 mm respectively) velutinous colonies with pigment production (Fig 9 (d-f)).

Hyphae thick, coenocytic, long and branched with coils (Fig 10 k). Conidiogenous cells
undifferentiated, variable in size (short to long) that terminates into cluster of conidia (Fig 5.9
b,c). Primary conidia germinates over conidiogenous cells (Fig 10 e-g, i). Primary conidia
hyaline, non septate, ellipsoidal to fusiform or obovoid found in clusters (usually 4-8) with scars
on either ends or only one end (Fig 10 d,h,l). Secondary conidia were found over primary conidia
which are slightly larger in size (fig 10 a,j,m). Formation of secondary conidia were frequent.

5.8.2 Molecular identification

5.8.2.1 Genomic DNA isolation and PCR amplification

The genomic DNA isolation of the potent resveratrol producing endophytic fungi, #5VVSTL,
was done and the size of the genomic DNA was found to be approximately more than 10 kb
(Figure 11a). The concentration of DNA was estimated by taking the absorbance at 260 nm and

the amount was 25ng/ul b using formula
Concentration (ug/ml) = O.D 260nm X 50 pg/ml x Dilution factor
The PCR amplicon was resolved on 1.5% agarose gel in order to check the size on the
basis of the mobility and comparison with the 500 bp ladder. The size of the amplicon was found

to be approximately 550 bp to 600 bp (Figure 11b). This size can be easily compared to the ITS

region, which was amplified in order to characterize the fungi at molecular level.
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5000 bp
2000 bp
1500 bp
1000 bp

500 bp

a)

Figure 11 a) Genomic DNA isolation of #5VVSTL, Lane 1: 500bp ladder, Lane 2-8: DNA
sample of #5VVSTL b) PCR amplicon of ITS region of #5VVSTL, Lanel and 2: ITS amplicon,
Lane 3-8: Blank

5.8.2.2 Sequennce assembly, alignment and Phylogenetic Identification

The PCR amplicon of ITS region of #5VVSTL was sent for sequencing and final sequence was
submitted to GenBank under the accession number KT200228. The positional homology of final
sequence of #5VVSTL was established by subjecting it to sequence similarity search by using
BLAST. BLAST analysis exhibited 99% sequence similarity with Quambalaria cyanescens
species, followed by 95% sequence similarity with Quambalaria pitereka, Quambalaria
simpsoni and 94% sequence similarity with Quambalaria eucalypti (Table 5.6)

The final sequence of #5VVSTL is as follows

Quambalaria sp #5VVSTL ITS region

GGGATCCGACCCTCACATTATCCACATACACTTGTGCACTGTTGGTTGGGTGTGAACCTTTGGTTTATCG
CCCGCCAACGCCAATTATACAAACTCTGAGAACTATGAATGTGAATTTAACTTGCCAATTTTTGGCGAAA
TTAAATACAACTTTCGACAACGGATCTCTTGGTTCTCCCATCGATGAAGAACGCAGCGAATTGCGATAAG
TAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCCTGGTATTCCTAG
GAGCATGCCTGTTTGAGTGTCATGAATTCCTCAAACCCCAATGTTTTGCAAAATTCATTGCTTGGGTTTG
GTTGTGGGCCTATATTGCTGCTTCACCGCAGCTGGCCTTAAAGATATTAGCTGGACTCTCCGAGACTCTT
GGATAGTTCCACTTGATGTGATAAATTTGCATCGGTGGGTCAAGACTATGCTTGGGAAGTGTGAGAAGTC
TGCTTCTAATCCGGCGAGAGGTTCCATCCTCGACCCAATTCATTTACAACTCTGGCCTCAATCAGGTAGG
ACTACCCGCTGAACTTAAGCATATCAATAAGCGGGGGGA
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S.No Species Name Accession Query Sequence

no. coverage similarity
(%) (%)
1 Quambalaria cyanescens AUMC6293  JQ425376 98 99
2 Quambalaria cyanescens AUMC6294 JQ425382 99 99
3  Quambalaria cyanescens IHEM5621 KP132549 97 99
4 Quambalaria cyanescens 11PU348 KF953496 96 99
5  Quambalaria cyanescens KP641151 97 99
6  Quambalaria cyanescens CBS357.73 DQ317622 92 99
7 Quambalaria eucalypti UY1036 EU439922 99 94
8  Quambalaria eucalypti UY1718 EU439923 99 94
9  Quambalaria pitereka AV17-3 GQ258351 95 95
10 Quambalaria pitereka CMW23610 EF427372 92 95
11  Quambalaria pitereka BRIP48531 EF427371 91 95
12 Quambalaria pitereka BRIP448317 EF444854 92 94
13 Quambalaria pitereka BRIP48328 EF444872 91 95
14 Quambalaria simpsonii CBS12477 GQ303291 93 95
15  Quambalaria simpsonii CBS124772 GQ303290 92 95

Table 9 BLAST analysis of final sequence of #5VVSTL

The Maximum parsimony phylogenetic tree based upon the internal transcribed spacer (ITS)
region sequence analysis was divided into 4 clades- Clade | which clusters 5 isolates of
Quambalaria pitereka (Zhou et al., 2007) species with high bootstrap support, Clade Il clustering
2 strains of Quambalaria eucalypti (Perez et al., 2008), Clade 111 which grouped Quambalaria
simpsonii (Cheewangkoon et al., 2009) and Clade IV which clusters isolate under study viz.
#5VVSTL with 6 strains of Quambalraia cyanescens (Fan et al., 2014; Irinyi et al., 2015) with
significant bootstrap support value. Muscodor albus was chosen as outgroup to root the tree.
#5VVSTL confirmed its placement in Quambalaria cyanescens species and was identified as

Quambalaria cyanescens.
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EF427372 Quambalaria pitereka CMWZ23610

a5 | EF427371 Quambalaria pitereka BRIP48531
EF444872 Quambalaria pitereka BRIP48328

EF444854 Quambalaria pitereka BRIP48317

%L 6Q258351 Quambalaria pitereka AV173

94

EU439922 Quambalaria eucalypti UY1036

391 EU439923 Quambalaria eucalypti UY1718
_{ (GQ303290 Quambalaria simpsonii CBS124772
981 GQ303291 Quambalaria simpsonii CBS124773

JQ425382 Quambalaria cyanescens AUMC6294

- KP641151 Quambalaria cyanescens

93

53

KF953496 Quambalaria cyanescens 11PU348
~ KT200228 Quambalaria cyanescens 5VVSTL

4 JQ425376 Quambalaria cyanescens AUMC6293
KP132549 Quambalaria cyanescens |HEM5621
DQ317622 Quambalaria cyanescens CBS35773
AF324336 Muscodor albus

2

Luambalara priereka

Luambalaria eucalyol/

Luambalaria simpsoniy

Quambalarna cyanescens

Figure 12 Maximum parsimony phylogenetic tree based on ITS region sequence. Muscodor albus was chosen as outgroup
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Chapter 6

Conclusion



7. Conclusion

From the current study we conclude that the Quambalaria cyanescens (#5VVSTL) is a
significant producer of resveratrol. The results were confirmed through TLC and HPLC
techniques. Further work on optimization and purification of the compound is warranted.
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Appendix

Media
1. Czapek dox broth Potatoes - 200g
Sucrose — 309 Dextrose — 20g
NaNO; — 39 Agar — 15¢g
K:HPO,4 — 19 Final pH ( at 26°C)- 5.6+0.2
KCI-0.5g Autoclave at 121°C for 15 min

MgSO,. 7H,0 — 0.5g

FeS0O,. 7TH,O —0.01g
Distilled H,O — 1L

Final pH ( at 26°C)- 7.0£0.2
Autoclave at 121°C for 15 min

2. Corn meal agar

Corn meal — 50g

Agar — 159

Distilled H,O — 1L

Final pH (at 26°C) 6.0+0.2
Autoclave at 121°C for 15 min

3. Grape leaf agar

Grape leaves — 19

Agar — 159

Distilled H,O — 1L

Final pH (at 26°C) 7.0+0.2
Autoclave at 121°C for 15 min

4. Malt extract agar

Malt extract — 30gm

Agar — 15gm

dH,0 - 1L

Final pH - 7.6 £ 0.2 at 37°C
Autoclave at 121°C for 15 min

5. Potato Dextrose Agar

. Synthetischer nahrstoffarmer agar

KNOs; — 1g
K,HPO, — 1g
KCI - 0.5¢
MgSQO,. 7H,0 — 0.5g
Glucose — 0.2g
Saccharose — 0.2g
Agar — 209
Distilled H,O — 1L
Final pH (at 26°C) 7.0£0.2
Autoclave at 121°C for 15 min

Water agar
Agar — 20gm
Distilled H,O — 1L
Autoclave at 121°C for 15 min

Buffers
1. 50XTAE

Tris base — 2429

Glacial acetic acid — 57.1mL
0.5M EDTA — 10mL
Distilled H,O — 1L

IXTE
Tris-HCI (pH 8.0) -10 mM

EDTA - 0.1 mM, Distilled H,O 100ml
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