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DIRECTORS REPORT

| take pleasure in presenting this Annual Report of CSIR- Indian Institute of
Integrative Medicine, Jammu which covers the highlights of the work carried
during the year 2011-12. This year particularly remained very hectic where in
several brainstorming sessions were held within the institute and in the
presence of several invited subject matters experts to identify the programms
and specific projects that institute focuss would during 12" Five Year Plan
period.

Several dignitaries visited the institute this year, prominent among themwas
the visit of the Director General CSIR and Secretary to Government of India,
Prof. S. K. Brahmachari who met Hon'ble Chief Minister of Jammu and
Kashmir, Mr Omar Abdullah and the members of the Pharmaceutical Industry
in Jammu region in connection with the programms on employment and
revenue generation in the state. Hon'ble Chief Minister of Jammu and
Kashmir, Mr Omar Abdullah also visted Institute both at Jammu and Srinagar
and appreciated the work being pursued at 1lIM. He also released the book
entitled “Harnessing buiodiversity and biotechnology for progress of Jammu
and Kashmir State” during the Scientific Advisory committee held in lIM. Mr
Omar Abdullah also laid the foundation stone of a modern GLP animal house
in the campus of IlIM, Jammu.

Hon'ble Parliamentary committee for the promotion of Hindi led by Sh
Satyavrat Chaturvedi, Member Parliament visited the institute to have the
assessment of the work being done by various central Government offices
banks etc in Jammu region for the promotion of Hindi. The Hon'ble
committee expressed it satisfaction on the efforts being made by IIIM to
promote Hindi as official language.

During this year the institute also released a new strain of hyper-
productiveMonrada citradora Cerv. ex. Lag - A rich source of
thymoldesignated as 11IM (J)MC-02 by following mass selection technique,.
The major chemical constituent of this strain is thymol which ranges from 70-
85 % and has pleasant Trachyspermum ammi (ajwain) like fragrance.

The following details in this report shall present to you the flavour of scientific
work being carried out in the institute.

(Ram Vishwakarma)




1. INDIAN INSTITUTE OF INTEGRATIVE MEDICINE, JAMMU
RELEASES MONARDA CITRIODORA CERV. EX LAG- A
RICH SOURCE OF THYMOL
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Introduction

Monarda citriodora Cerv.ex Lag.commonly known as Thymo-Herb belonging to family lamiaceae, is an important
aromatic herb and a natural source of essential oil. The genus name is after Nicholas Monardes, a Spanish physician
from Seville who wrote in the 16" century about New World Medicinal plants. The species name comes from Latin for
“Citrus smell”. It occurs on limestone glades, rocky prairies in Missouri and ranges from Texas and Mexico north to
Missouri and Kansus. Therefore the plants prefers light (sandy), medium (loamy) and heavy (clay) soils. It requires

moist soil. The plant was introduced to judge its performance in terms of essential oil production and its quality
characteristics under sub-tropical environment.




1.0

3.0

Plant Description

It attains a height of 50-90
cms. Leaves are 3to 8 cm
long, soft textured, lance
shaped ending in a point
and have a very strong and
pleasant Trachyspermum
ammi (ajwain) like fragrance
when crushed. Flowers are
pink in color.

Improved Variety

Following mass selection
technique, a hyper-
productive strain of Monarda
Citriodora Cerv. ex. Lag was
developed and named as
Thymo-Herb and designated
as llIM (J) MC-02. The major
chemical constituent of this
strain is thymol ranging from
70-85 % in its essential ol
and have pleasant
Trachyspermum ammi
(ajwain) like fragrance.

Tissue Culture

Multiplication of 'elite’ clone
[NIM(J)MC-02] of Monarda
citriodora Cerv. ex Lag. By
tissue Culture strategy: In
vitro multiplication protocol
was developed for elite
selected clone [IIIM(J)MC-
02] of Monarda Citriodora
Cerv.ex. Lag. Explants
collected from field grown
plants growing at
Experimental Farm, Chatha
were inoculated onto MS
media with different
combination of PGRs.
Proliferative high frequency
axillary shoot initiation was
observed on treatment
containing IBA and BAP (1
mg/1). Regenerated shoots
uniform in size were
transferred to treatment IBA
and Kn (1 mg/1) resulted
80% rooting. Plantlets were
hardened and acclimatized
under green house
conditions with 80% survival
rate. RAPD and ISSR marker
based analysis of in vitro
plants confirmed genetic
uniformity of Micro
propagated plants.

5.0 Therapeutic and General

Uses Edible Use

Edible part of the plant is
leaves-raw or cooked. They
are used as flavouring and
garnishing agent in salads,
summer punches and as
condiment in cooked foods
and also used to make a
refreshing lemon tea. It makes
a lovely aromatic tea; its
flowers are edible.

Medicinal Uses

Uses in colds, coughs, fevers,
flue, bronchial problems,
colic, flatulence, nausea,
stomach cramps, menstrual
irregularity, bowel ailments, to
expel worms, induce sweats,
headaches etc., most often as
a tea especially for
headaches; other medicinal
treatment methods for
bronchial problem include
inhalation of the extracted
essential oil or vapour
therapy. The essential oil used
as an insect repellant and in
perfumery.

Agro-technology
6.1 Soil and climate

Monarda citriodora Cerv.ex
Lag.can be grown on
moderately fertile and well
trained loam to sandy loam
soils having good water
holding capacity. Water-
logged conditions should be
avoided. Being a Rabi crop it
has been trans-planted in
November-December having
20-25°C ambient
temperature.

6.2 Seed sowing

About 200-300 g seeds are
enough to raise seedlings for
planting one hectare of land.
The seeds can be sown in
nursery beds during first week
of October and then
transplanted during 3" week
of November or 1% week of
December. It takes about 10-
12 days for the seeds to
germinate.

6.3 Land preparation

The land should be brought to
fine tilth and laid out into plots
of onvenient size depending
upon the source of irrigation. It
is desirable to add 10-15 tonnes
of farm yard manure per
hectare during the preparation
of land and mixed properly in
the soil.

6.4 Transplanting

It is recommended to plant the
seedlings at 30x30 cm line to
line and plant to plant to get the
high herbage and oil yield per
hectare. The plants are irrigated
immediately after transplanting.
During this operation, gap filling
and replacement of the poor
plants is done so that uniformity
of the crop is maintained.

6.5 Manures and fertilizers

The crop responds well to the
application of manures and
fertilizers. The optimum fertilizer
dose recommended for this crop
is 100 kg nitrogen (as Urea) and
50 kg muriate of potash (K,O)
and 50 Kg single
superphosphate (P,0O,).
Nitrogen is applied in three/four
equal split doses.

6.6 Irrigation

Frequency of irrigation depends
upon the moisture status of the
soil and weather conditions
prevailing during the crop
season. Crop requires
maximum irrigation 8-10 times
for the successful crop
production.

6.7 Weeding

First weeding is done one
month after planting and
second 4 weeks after the first.
One hoeing in two months after
transplanting is sufficient.

6.8 Diseases and Pests

No major attack of pests and
diseases was observed.

6.9 Harvesting and yield

Harvest should be done in the




month of April-May at full
blooming stage. Rainy
periods should be avoided
for harvesting which resulted
in low essential oil recovery
as well as poor quality of oil.
It is estimated that on an
average 25-30 tonnes per
hectare per year herbage was
obtained. On an average,
100-125 kg of essential oil
obtained per hectare.

Distillation

The essential oil is obtained
by steam distillation. Field
distillation unit is also used
for extraction of oil. It takes
3.0-4.0 hours for completing
the process while steam
operated system takes 2.0-

3.0 hours only. Field
distillation units are
appropriate for small/medium
farmers in view of their low
cost.

Storage

Essential oil undergoes
considerable changes in its
chemical composition during
storage. On longer period of
storage, polymerization takes
place resulting in decrease of
thymol content, thus
adversely affecting the oil
quality. To avoid this type of
loss, the essential oil should
be completely dried by using
anhydrous Sodium sulphate
or any other dehydrating
material before filling in the

containers. The containers

should be air-tight and filled to
the brim, and preferably stored
in dry, cold and dark condition.

Major chemical
constituents/Chemical
markers

The essential oil consists of
about eighteen chemical
compounds identified and
guantitated by GC/MS, out of
which thymol (85 %) is the
major chemical constituent
(Table 1). The essential oil of
this strain can be a better source
of thymol.

Table 1: Physico-Chemical Profiling and GC-MS of Monarda citriodora Cerv. ex Lag. [1IM(J) MC-02:

[A]Physical Properties:-

1.49995
0.927678
65-85 % (GC-MS)

Refractive Index n,*

Specific Gravity d**
Thymol content

[B] Chemical Profiling and GC-MS:-
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10.0 Value Addition

Essential oil ex. Monarda
citriodora Cerv.ex Lag.,
produced from Indian
cultivar is an unique
combination of thymol
(major), carvacrol, thymol
methyl ether and carvacrol
methyl ether in addition to
about 45 or so other major
and minor compounds. Due
to the presence of these
compounds the essential oil
has milder and soothing
flavor when compared with
oil of Ajwain (Trachspermum
copticum) and can be used
as better substitute.

Oil can also be utilized for
the production of natural
thymol with finer aroma (due
to accompanied trace
materials of natural origin),
which is much in demand.

The oil remaining after
separation of thymol
followed by rectification to
remove some undesirable
constituents can be utilized
as very fine perfumery/
flavouring material to impart
spicy note to large number of
high end preparations and
may be compatible with
water soluble materials.

11.0 Molecular profiling

Monarda citridora
[M(J)MC-02] was
characterized by various
ISSR and RAPD primers.

Fig 1: DNA fingerprint of Monadracitridora [I1IM(J) MC-02] using

With different primers, DNA
showed unique profile
depicting unique identity of
Monarda citridora.Size of
banding pattern was ranged
between 250 bp - 3 Kb.
Accessing the genetic fidelity

Crop duration:

to inhibit 50% cell viability) of
22ug/ml. These results showed
that essential oil of Monarda
citriodorahas
significantanticancer potential in
HL-60 cells.

13.0 Economics

Six Months

Parameter (s)

Values (Range)

Fresh Herb Yield (Tonnes/ha)
Essential Oil Yield (kg/ha)
Cost of Production (Rs. /ha)

Value of Essential Oil (@ Rs 1000/kg)

Net profit (Rs./ha)

25-30

100-125
40,000-45,000

1, 00,000 - 1, 25,000
60,000- 80,000

of plants is also of utmost
importance. Tissue cultured
raised plants as well as field
grown various plants were
screened which showed
uniform molecular profile
suggesting the uniformity in
the material.

12.0 Anti-cancer potential of

essential oil

To evaluate the cytotoxic
potential of essential oil of
Monarda citriodora, it has
been tested for the MTT cell
viability assay in
humanleukemia HL-60 cells.
Essential oil of Monarda
citriodora has significant
cytotoxic potential in HL-60
cells, with IC,, value
(concentration of test
compound, which is required

32 different RAPD primers.(lanes 2-18, 20-35, left to right; lanes 1,19 are

DNA ladders)

14.0 Marketing

There is a great demand of
thymol containing essential oils
and it is increasing every year.
Essential oil of Monarda
citriodora has been accepted by
pharmaceutical houses as an
additional and alternative
source of thymol. The prevailing
price of the oil in Indian market
is Rs. 1000/- per kg.

Fig 2: DNA fingerprint of Monadracitridora
[1IM(J) MC-02] using 8 different ISSR

primers.(lanes 2-9, left to right; Extreme left and

right are DNA ladders).




2. BIODIVERSITY AND APPLIED BOTONY

2.1 Status of new species, W. ashwagandha, to the cultivated taxon of Withania somnifera

Arun Kumar, Bilal A. Mir and Sushma Koul,

Realizing the inconsistencies that barriers vis-a™-vis wild accessions of  the rank of the separate species, W.
exist in the extent and nature of W. somnifera, the cultivated ashwagandha.

differentiation in the Withania accessions should be relegated to

somnifera genetic resources in
India, the 21 cultivated and wild
accessions, and the two hybrids
were investigated for
morphological, cytogenetical,
chemical profiling, and crossability
features. Results from
multidisciplinary approaches,
especially that of the DNA
nucleotide sequencing and DNA
marker fingerprinting, and
crossability assays reveal great
discrete genomic diversity between
wild and cultivated W. somniferato
warrant distinct species status,
namely W. ashwagandha,for
cultivated and wild taxa of W.
somnifera. Chloroplast DNA
diversity and somatic chromosome
number (2n = 48) were not helpful
in identifying the differences but
other approaches, especially
restriction endonuclease digests,
types and sequence length
composition of ITS 1 and ITS 2 of
nuclear ribosomal DNA, AFLP
fingerprinting, and crossability
barriers unambiguously provided
startling discrete differences
between the cultivated and wild
accessions, indicating a clear
division of W. somniferainto two
distinct lineages. Because of the
unique characteristics of its nuclear
genome, and strong crossability

a-f Morphological features of the wild (a—c) and
cultivated (d-f) accessions of Withaniasomnifera
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2.2

Metabolic shift from secondary metabolite production to induction of anti-oxidative

enzymes during NaCl stress in Swertia chirata Buch. - Ham.
Esha Abrol, Dhiraj Vyas and Sushma Koul

A study was envisaged to
understand in vitro induction of
marker secondary metabolites
using NaCl elicitation. 50 and 100
mM of NaCl concentrations were
applied on 1-monthold static
shoots culture of Swertia chirata
Buch.-Ham., an endangered
medicinal plant having high
medicinal value. Plants were
assessed for cellular damage, anti-
oxidative enzymatic system and
production of secondary
metabolites. There was significant
(p B 0.05) increase in secondary
metabolites at 50 mM NacCl
without any cellular damage or
induction of anti-oxidative
enzymes. Initial increase in
metabolic content of secondary
metabolites was observed during
100 mM NacCl treatment, which
falls back to normal levels at the
seventh day. There wasconcurrent
induction of scavenging enzymes
during this period. Results suggest

6

channelling of different defence
strategies in response to differential
NaCl treatment. Biochemical
relationship between induction of
anti-oxidative enzymes and
production of secondary metabolites
has further been discussed in light of
physiological requirements. In
conclusion, results showed that 50
mM NacCl is sufficient to invoke
elicitation for induction of secondary
metabolites in S. chirata, which is
desirable for in vitro production of
secondary metabolites. While
induction of enzymatic defense is
desirable for normal plant growth
under physiological and

biochemical stress, it would impede
the secondary metabolite
productionOur results suggest that
there is preferential channeling
between two main defence
processes. Under low NaCl
concentration, plants divert their
metabolism towards production of
secondary metabolites, which are

believed to be more energy
consuming. Production of secondary
metabolites has been a complex
metabolic process involving a large
number of genes thereby, taking a
large chunk of metabolic energy
Further, at 1700 mM NacCl
concentration, efforts were made to
maintain metabolic homeostasis by
increasing expression of anti-oxidative
enzymes than secondary metabolites.
Present investigation suggested that
production of secondary metabolites
in S. chirata is the initial response for
defence during 50 mM NaCl. There
was no significant cellular damage
and induction of enzymatic defence
during this time. This allow plants to
divert their metabolism towards costly
process of secondary metabolite
production. Metabolic shift from
growth to defence is evident from the
stunted growth.During high NaCl
concentration (100 mM), cellular
damage increases along with the
increase in ROS. This shift the




metabolic tilt of plants towards during this time as is evident from of our knowledge, this is the first
increased production of anti- Table 1. Theory of optimal defence report of preferential channelling of
oxidative enzymes. Metabolic proposes allocation of resources metabolites between induction of
content of marker glycosides based on the risk of attack and the enzymatic

decreased significantly (p B 0.05) value of particular tissue To the best

Fig 1.Shoot cultures of Swertia chirata as seen after 7 days of 0 mM (a), 50 mM (b), and 100 mM (c) salt treatment.
Marked areas represent necrotic regions after 7 days
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2.3

desert alpine region of Zanskar valley in Himalayas
S. Kitchlu, G. Ram, Sushma Koul, Kiran Koul, K.K. Gupta and Ashok Ahuja

Podophyllum hexandrum Royle
(Syn. P. emodi Wale) a perennial
rhizomatous herb found in alpine
region distributed in the entire
range of Himalayas from Ladakh
to Sikkim at an altitude of 3000-
4200 m asl. is an preferred
commercial source of podophyllum
lignans. It contains three times
more Podophyllotoxin than the
American species, P. peltatum. The
present study was aimed to
investigate variation of
podophyllum lignans contents
based on six marker compounds
viz. Podophyllotoxin;
Deoxypodophyllotoxin;
Picropodophyllotoxin;
Podophyllotoxin 3-D

2.4

glucopyanoside;
Isopicropodophyllone; 4'
Demethyldeoxypodophyllotoxin, 13-
D-lucopyanoside, in P. hexandrum
population growing at three
locations. Further, ontogenetic and
morphogenetic variations of
Podophyllum lignan contents were
studied to investigate dynamics of
accumulation of these compounds.
Representative collections from
three locations viz., Panikhar,
Padam and Tangoli located in Trans
Himalayan semi-desert region of
Zanskar valley were harvested at
three stages (dormancy, active
growth and maturity). Plants were
dissected into root, rhizome and
rhizome-buds, dried separately and

Parvaiz H Qazi, Abila Rashid and Sami A Shawl

Podophyllum hexandrum a
perennial herb, bearing the
common name Himalayan
Mayapple known as Aindri (a
divine drug) in ancient times is
native to the lower elevations in
and surrounding the Himalaya. It
has been reported to be used
through the ages and in modern
times as an intestinal purgative and
emetic, salve for infected and
necrotic wounds, and inhibitor of
tumor growth. The rhizome of the
plant contains a resin, known
generally and commercially as
Indian Podophyllum Resin, which
can be processed to extract
podophyllotoxin or podophyllin, a
neurotoxin. Podophyllotoxin is the

major lignan present in the resin
and is a dimerized product of the
intermediates of the
phenylpropanoid pathway. The
starting material of etoposide
(Vepeside), an FDA approved
anticancer drug is podophyllotoxin
and has been used to treat testicular
cancer as well as lung cancer by
inhibiting replication of cancer cells.
Podophyllotoxin finds use as a
precursor for the semi-synthetic
topoisomerase inhibitors in the
treatment of leukemias, lung and
testicular cancers, dermatological
disorders like warts, rheumatoid
arthritis and psoriasis. It also has
numerous applications in modern
medicine by virtue of its free radical

Podophyllum lignans array of Podophyllum hexandrum Royle populations from semi-

assayed for Podophyllum lignan
contents by high performance liquid
chromatography.

The present study which is a first
report of its kind where rhizome buds
have shown rich accumulations of
Podophyllum lignans offer a logical
alternative approach to utilize plant
parts (rhizome-buds) as renewable
source other than the rhizomes to
extract podophyllotoxin. This is likely
to make cultivation of the species
feasible besides sustainable
conservation strategy of (Podophyllum
hexandurm) Himalayan May-Apple by
restricting unwise harvesting of the
rhizome.

PODOPHYLLUM HEXANDRUM?” — A Versatile Medicinal Plant

scavenging capacity. An extract of P.
hexandrum has been shown to
provide approximately 80% whole-
body radioprotection in mice. Total
synthesis of podophyllotoxin is an
expensive process and availability of
the compound from natural resources
is an important issue for
pharmaceutical companies that
manufacture these drugs. The Indian
P. hexandrum is superior to its
American counterpart, P. peltatum in
terms of its higher podophyllotoxin
content (>5%) in dried roots in
comparison to only 0.25% of P.
peltatum. Thus, taking into
consideration present status of P.
hexandrum in general, it needs
immediate attention for conservation,

Fig.1: Shows Podophyllum hexandrum growing wild in Kashmir — India




in depth studies for improving encouraging its cultivation and a compounds like podophyllotoxin and
propagation techniques and detailed study of its phytochemical its glycosides.
podophyllotoxin production, diversity, particularly of its marker
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PLANT BIOTECHNOLOGY

3.1 Analysis of SSR dynamics in chloroplast genomes of Brassicaceae family
Praveen Awasthi, Sumit G. Gandhiand Yashbir S. Bedi

Simple Sequence Repeats (SSRs) Figure 1

or microsatellites are tandem A
repeats of mono-, di-, tri-, tetra-,

etc. nucleotide motifs. SSRs are

present abundantly in most

eukaryotic genomes. SSRs affect

several cellular processes like

chromatin organization, regulation

of gene activity, DNA repair, DNA
recombination, etc. When present

in protein coding DNA segments,

their expansion or contraction can

impact protein’s function. Several

human diseases have been linked

to expansion of trinucleotide

microsatellites within protein

coding genes and have been

dubbed trinucleotide repeat

disorders. Through “guilt by _
association”, several microsatellite | =
loci in plants have been linked to " S

stress tolerance, disease resistance, fw:;f ,J“’Q 'y ;ﬂf ;"? f f aﬁ’ ﬁ f
domestication events and various fﬁ’ f ,J’f f q,a" f yyy
agronomic traits. In the present jgsﬂ’f f

study we have probed various I » iy
nucleotide repeat motifs (NRMs) /
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. Figure 1.Distribution of Nucleotide Repeat Motifs (NRM) in Chloroplast genomes of 12
types of SSRs present n species belonging to Brassicaceae family.(a) Pie chart revealing the percentages of different types of
Ch|orop|ast genomes (chNA) of NRMs (SSRs) in Brassicaceae (b) Bar graph indicating percentage of various NRMs in coding or non-coding
12 ies bel . t regions of chloroplast DNA (c) Species wise distribution of total SSRs in coding or non-coding regions of

species belonging 10 chloroplast DNA. Note: Percentages have been rounded to nearest integer.




Brassicaceae family (Figl a). NRMs
show a non-random distribution in
coding and non-coding
compartments of cpDNA. As
expected, trinucleotide repeats are
more common in coding regions
while other repeat motifs are
prominent in non-coding DNA (Fig

Figure 2

A

1 b). Total numbers of SSRs in
coding region show little variation
between species while considerable
variation is exhibited by SSRs in
non-coding regions (Fig 1 c). Finally,
we have designed universal primers
that yield polymorphic amplicons
from all 12 species (Fig 2 a,b). Our

Il.lm'nll?m

|Forward

:_Hnlrlll Tm

Primer Sei 1

Primer Sel

CTAGACGATGGGGGCATACT |GCCTTACCATGGCGTTACTC | 39
CCCTCGGTAACGTGACATAL |GCATTTGTAATGCGATGGTC | 53

c

§3 8§
i4 ¥ 3

analysis also suggested that amplicon
length polymorphism may not always
show significant relationship with
sequence polymorphism of SSR
amplicons in cpDNA of Brassicaceae
family (Fig 2 c,d).

Diimarabidopsis pumila
thionema cordifolivm
aethionema grandifforum
e——=Nagturtium officinale

El. obularis maritima
hirsuia

—0Oraba nemorosa

L Cruchimalaya waltichii

E:::m virginicum

—Arabidopsis thallana

16472
Coefficlent

—capseiis bursa-pestoria

Figure 2.Microsatellite polymorphism in Chloroplast genomes of 12 Brassicaceae species. (a) Universal primer sets exhibiting
amplicon length polymorphism (b) Simulated DNA electrophoretogram of predicted amplicons using universal primer set 1 (c) Phylogenetic tree
based on amplicon length polymorphism using universal primer set 1 (d) Phylogenetic tree based on amplicon sequence polymorphism using

universal primer set 1

3.2
Brassicaceae

Development of Chloroplast Microsatellite Markers for Phylogenetic analysis in

Praveen Awasthi, Irshad Ahmad, Sumit G. Gandhi and Yashbir S. Bedi

Brassicaceae, commonly referred
as the 'mustard family' or ‘cabbage
family', generally consists of
herbaceous plants with annual,
biennial or perennial lifespans. The
family is both economically as well
as scientifically important as it
includes major crop species like
Brassica napus and model
organism like Arabidopsis thaliana.
However, Brassicaceae is also
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known for problems with respect to
the phylogenetic relationships
amongst the taxa within the family.

Microsatellites infest the genomes of
most eukaryotic species and often
exhibit length polymorphism.
Relative conservation of the flanking
regions, allow the variable length
microsatellites to be used as locus
specific, co-dominant, genetic
markers across taxa. Microsatellite

analysis is often used for constructing
phylogenies, in both plant and animal
systems. Though considerable data
exists on using nuclear microsatellites
to infer phylogenetic relationships, the
potential of chloroplast microsatellites
(cpSSR), in this regard, remains
largely unexplored. Here, employing
in silico tools, we have explored the
possibility of using chloroplast
microsatellites for plotting
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Figure 1.Phylogenetic analysis of Brassicaceae using Universal Primers spanning chloroplast Microsatellites

(a) Circular map of cpDNA of Arabidopsis thaliana depicting the locations of amplicons resulting from universal primers, the
rRNA, tRNA and protein coding genes as well as GC content variation throughout the cpDNA. (b) Bar graph showing the
Polymorphic information content (PIC) values of amplicons resulting from 19 universal primers (c) Phylogenetic tree resulting
from UPGMA clustering of SSR amplicon length polymorphism data (d) Principal Component analysis of SSR amplicon length
polymorphism data using the variance-covariance method.

phylogenetic relationships within

mustard family. Microsatellite
repeats were scanned in 12
chloroplast genomes (cpDNA) of
Brassicaceae, regions flanking
these repeats were aligned and 19
universal primer pairs were
designed. 15 of these primer pairs
yield polymorphic amplicons, that
are more or less evenly distributed
through the chloroplast genomes.
The polymorphic information
content (PIC) of these primers
ranges from 0.5 to 0.91 and
Expected Heterozygosity (Het)
ranges from 0.53 to 0.92. Finally
amplicon length polymorphism
data was analyzed by principal
component analysis (PCA) and
clustered using UPGMA algorithm
to plot phylogenetic tree based on
cpDNA microsatellite variation
(Figure 1). Finally, using PCR, we
have validated three primer pairs
on a limited 'test set' of plants,
different from those used in
computational analysis (Figure 2).

Primer Set

250bp—~

Figure 2. Experimental validation of Universal Primers designed for

phylogenetic analysis of Brassicaceae

Agarose gels depicting PCR amplicons using three universal SSR primers on a limited
'test set' of plants, different from those used in computational analysis




3.3

Development of EST-SSR markers for Zingiber officinale Rosc. with transferability to
other species of Zingiberaceae.

Praveen Awasthi, Sumit G. Gandhi, Pankaj Pandotra, Suphla Gupta and Yashbir S. Bedi.

The family Zingiberaceae
(monocotyledon) includes several
medicinally important genera
including Zingiber. Zingiber
officinale Rosc.commonly known
as 'ginger' worldwide is extensively
cultivated and used as a spice. It is
also used in traditional systems of
medicine for treatment of
headache, nausea, colds, arthritis,
rheumatic disorders and muscular
discomfort. Though mostly
propogated vegetatively,
considerable diversity is observed
in cultivated ginger genotypes for
various morphological,
physiological and agronomic traits.
The present study aims to develop
markers for assessment of diversity
at genetic level.

Large-scale genomics has
generated a huge number of
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expressed sequenced tags. A large
number of these fragments are
sequences that translate into protein
coding genes. Sometimes tandem
repeats of mono, di, tri or tetra
nucleotide motifs, commonly known
as simple sequence repeats (SSRs)
may be present in these sequences.
Such repeats are prone to mutations
changes, caused by replication
slippage, which may result into
contraction or expansion of these
nucleotide repeats. PCR primers
designed in the conserved flanking
sequences can be used to assess any
change in the length of SSRs
amongst various accessions.

Such markers termed EST-SSRs also
exhibit high degree of cross species
transferability. In present study, we
have analyzed about 38,000 EST
sequences for the presence of SSRs.
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In total 531 SSRs (-mono to —deca)
were found. Out of these 130 were
—mononucleotide repeats, 211
dinucleotide repeats and 65
trinucleotide repeats. Amongst
trinucleotide, AUU was the most
common repeating element. Out of
the 531 loci, primers could be
designed only for 348 loci. 25 primers
pairs were randomly selected for
validation in 25 accessions collected
from various areas of northwestern
Himalayas. 16 primers resulted in
successful amplification from various
accessions of Zingiber officinale,
though variation with respect to size
was rarely observed. Further cross
species transferability of these markers
was tested against other species of
Zingiberaceae (Table 1).
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Table 1. Cross species transferability of EST-SSR markers developed for Zingiber officinale. + indicates presence of
amplification while — indicates absence of amplification. Along with presence/absence of amplification, size variation was
also observed in amplicons from different species.




3.4 Microsatellite DNA marker isolation from Picrorhiza kurrooa Royle ex Benth by

magnetic capture

M. A. Hussain, R. K. Aggarwal, Yashbir S. Bedi and M. Z. Abdin

Microsatellites or Simple Sequence
Repeats (SSR's) are codominant
markers used to identify both the
alleles of a gene in a heterozygous
individual. Microsatellite markers
isolated de novo from a species
render them species specific and
are used for single-locus
genotyping of a species. Multi-locus
approaches may be convenient but
have some technical and/or
analytical drawbacks, such as
dominance (i.e. only one allele
identified where there is no
possibility to discriminate between
homozygous and heterozygous
individuals). As a consequence of
simultaneous visualization of many
marker alleles, multi-locus data are
typically analyzed by pair wise
comparison of complex banding
patterns that only have meaning
relative to others in the same study,
thus results are to a limited extent

comparable among studies. In
contrast, single-locus markers are
usually characterized by co-
dominance (i.e. both alleles
identified in heterozygous
individuals) and thus are more
flexible and supply more robust and
comparable data. Since techniques
detecting heterozygotes (i.e. co-
dominant markers) and providing
data on allelic differences are
desirable, microsatellites (SSR's) are
considered to be the most suitable
markers. The abundance of
microsatellites depends upon the
density of these motifs in the
genome, which varies from
organism to organism. Microsatellite
isolation by conventional
non-enriched protocols based on
colony hybridization for screening of
a large number of colonies for
microsatellite motifs is labour
intensive and less effective due to

the occurrence of artifacts or
hybridization signals with false
positives. To overcome this problem
various strategies to increase the
efficacy of mining microsatellites have
been successfully applied. These
strategies primarily employ magnetic
capture of microsatellite motifs by
streptavidin coated magnetic beads
and mixed biotin labeled probes
hybridization capture strategy. By this
technique, microsatellite sequences
(EU883601 to EU883622 and
FJ617210 to FJ617223) were isolated
from an endangered medicinal herb
Picrorhiza kurrooa Royle ex Benth
(Royle, 1835). Our study is the first
report of the isolation of species
specific microsatellite DNA markers
from Picrorhiza kurrooa. Types of
motifs and their frequency distribution
is presented in Figures 1 & 2.
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Figure 1.Frequency of the distribution of microsatellite repeat motifs in Picrorhiza kurrooa.

Repesl core wequence

Wy mbar of o

Figure 2.Frequency of the distribution of microsatellite repeat motifs in Picrorhiza kurrooa with different core sequences.




3.5

Knowledge Network on Medicinal Plants

Harish Chander Dutt, Harpreet Kaur and Yashbir S. Bedi

Under ICMR sponsored project
”Knowledge Network on Medicinal
Plants” monographs on 40 Indian
medicinal plants prioritized by
National Medicinal Plants Board,
New Delhi, were prepared. The 40
plants covered under the project
were Aconitum ferox Wall.ex Ser.,
Aconitum heterophyllum Wall. ex
Royle., Acorus calamus L., Aegle
marmelos Corr., Aloe barbadensis
Mill., Andrographis paniculata
(Burm.f.) Wall.ex Nees., Asparagus
racemosus Willd., Bacopa monnieri
(L.) Pennell., Berberis aristata DC.,
Bergenia cilliata (Haw.) Sternb.,
Boerhaavia diffusa L., Boswellia
serrata Roxb., Cassia angustifolia
Vahl., Centella asiatica (L.) Urb.,
Chlorophytum borivilianum Sant.
& F, Coleus barbatusBenth.,
Commiphora wightii (Arn.)
Bhandari, Crocus sativus L.,
Embelia ribes Burm. f., Emblica
officinalis Gaertn., Garcinia indica
Choisy, Gloriosa superba L.,
Glycyrrhiza glabra L., Gymnema
sylvestre R.Br., Inula racemosa
Hook.f, Nardostachys jatamansi

DC., Ocimum sanctum L.,
Phyllanthus amarus Schumach.
&Thonn., Picrorhiza kurrooa Royle
ex Benth., Piper longum L.,
Plantago ovata Forssk., Rauvolfia
serpentine Benth. ex Kurz.,
Santalum album L., Saraca asoca
(Roxb.) De Willd., Saussurea lappa
C.B. Clarke, Solanum nigrum L.,
Swertia chirata Buch.-Ham.ex Wall.,
Tinospora cordifolia ( Willd. ) Hook.
f. & Thomson, Vitex negundo L.
and Withania somnifera (L.)Dunal

The monographs were prepared
from data mined from books,
pharmacopeias, research
publications, CAB abstract,
biological abstracts, chemical
abstracts, medicinal and aromatic
plant abstracts, journals. Further,
online databases like SciFinder,
IPNI, ARS-GRIN, TROPICOS,
NISCAIR and websites of reputed
organization like FRLHT, ICS-
UNIDO etc. were also used
extensively.

Each monograph encompasses
details about the botanicalaspects

(botanical name, synonyms, family,
common name, habitat, morphology,
part used as crude drug,
morphological characteristics of the
drug, substitutes and adulterants,
cultivars, cultivation, ecotypes and
cytotypes), traditional knowledge
(ethnobotanical / folk lore / household
remedies), chemistry (chemical
markers, molecular markers and
isozymes), pharmacology
(bioactivity, clinical studies and
toxicity), formulations (general
usage and dosage), commercial
aspects (production, demand,
market trends, trade resources and
major users), and patents and
complete bibliography. Based on
the analysis of data included under
these monographs, it has been seen
that there is a dire need to fill up the
gaps with respect to data pertaining to
chemical as well as molecular markers
and commercial aspects for majority
of these plants.

The final report submitted to ICMR
has been published in two volumes as
under:
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Plants of Indian Systems of
Medicine (Volume-I)

Wcsroauapin 0 retnby Commercislly imporfand
ﬂd-';\u.- plants

Plants of Indian Systems of Medicine

(Volume-I): Monographs on twenty
commercially important medicinal plants
(2011). LAP LAMBERT Academic
Publishing.(pp 492).

Harpr 8 -

Plants of Indian Systems of
Medicine (Volume-11)

Mzragraph on teenty Dosrerensially imporant
medsceanl plarts

{4 LAMBERT

Plants of Indian Systems of Medicine
(Volume-Il): Monographs on twenty
commercially important medicinal plants
(2011). LAP LAMBERT Academic
Publishing.(pp 420).

Sample: Dysoxylum binectariferum

Figure 3. Amplification of DNA barcoding loci
from Dysoxylum binectariferum Hook.f




3.6
forskohlii Anet.

Identification and Molecular Cloning of Cytochrome P450 genes from Coleus

Praveen Awasthi, Yashbir S. Bedi, Ram Vishwakarma and Sumit G. Gandhi

Coleus forskohlii Brig.is a perennial
herb from mint family, which grows
in subtropical temperate climates.
Traditional medicinal uses of C.
forskohlii include treatment of
digestive disorders, skin ailments,
genito-urinary disorders,
respiratory problems, gastric pain,
circulatory and heart ailments,
hypertension etc. Chemoprofiling
of C. forskohlii have found
accumulation of several labdane
diterpenes in its roots of C.
forskohlii, which are responsible for
these medicinal properties.
Coleonol (forskolin), the principle
bioactive component, is a

reversible and a very strong
activator of adenylate cyclase.
Forskolin has a very unique
chemical structure, with eight chiral
centers and diverse functional
groups. Only two genes involved in
biosynthesis of common upstream
intermediates of the terpenoid
pathway have been cloned from C.
forskohlii. Chemical structures of
advanced intermediates of forskolin
biosynthesis suggest that about 4-5
Cytochrome P450 monooxygenases
could be involved in catalyzing the
final reactions. Cytochrome P450
monooxygenases are Heme
proteins, involved in various

biosynthetic and detoxicative
pathways in plants. We have designed
a series of degenerate primers from
conserved regions of CYP450
sequences and have created libraries
from root and leaf cDNA of C.
forskonhlii. A total of 800 positive
clones were picked and screened for
redundancy (Figure 1). After
sequencing, we obtained 44 CYP450
sequences. CAP3 assembly of these
sequences resulted in 31 singletons
and 4 contigs. Alignment with other
CYP450 members helped to identify
the likely subfamily to which these

sequences belong. (Table 1).
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Figure 1. Preparation of library of CYP450 gene sequences from leaf cDNA of Coleus forskohlii.

Libranes preparad from 32 combinations of degenarate
primérs. Tolal 800 white colones picked

Library screened using PCR with vector
primers to remove clonas with same size
insers. PCRs were run on PAGE also
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Table 1 CYP450 clones obtained from leaf cDNA of C. forskohlii and likely genes / CYP families to which these sequences belong.

3.7

Irshad Ahmad, Yashbir S. Bedi and Sumit G. Gandhi

Plants mount several defense
responses against invasion by
various pathogens. One such
response includes synthesis of host-
encoded, pathogen-related (PR)
proteins. The PR proteins have
been further classified on the basis
of amino-acid sequence homology,
serological relationships and
biological activities. The PR5
subclass includes OSMOTINS,
which accumulate at high levels in
plant cells after NaCl adaptation
(exposure to high salinity — osmotic
stress). Osmotin genes are induced

by several hormonal and
environmental signals like NaCl,
Abscisic acid (ABA), ethylene,
wounding, viral infection,
dessication, UV light and fungal
infections. Both, in-vitro and in-vivo
assays have demonstrated marked
anti-fungal activities of OSMOTIN.
Heterologously expressed
OSMOTIN inhibits the growth of
several fungi in agar diffusion assays
while transgenic plants over
expressing Osmotin show enhanced
resistance to infections by
phytopathogenic fungi.

Cloning of gene encoding antifungal protein OSMOTIN from Ocimum basilicum Linn.

We have identified Osmotin related
gene sequences from the EST
resource of Ocimum basilicum.
Primers were designed from the EST
fragments and amplification of partial
Osmotin gene was obtained from the
genomic DNA. The amplicons were
eluted from gel and sequenced.
Specific primers were designed for the
sequences. RNA was isolated from the
leaves of the plant. 3'and 5' RACE
was performed for full length cloning
of the Osmotin gene (Figure 1).

Cloning & Characterization of Plant Antifungal Protein from Ocimum basilicum

ATTTTCATTIYVTTTITTRY

COCCARTORGCTGAAGG TGOACGOOGOC TGO CAAAACCCTTGEA
COGTOTTCAAANCSACGOAG TATTGC TGO CAC GO TO0 AGAG TOE
CRGCCMACGGATATGTOCCGTTTCTICAAA TCGOGTTG YOG TGAC
GCTTTITACTTACCOGCAGGATGATCOCACTAGCACTTTTACCTGC
COGGAGAGCACTAGCTAYCGGG TAGTCTTICTGOCCATAAATTTIT

Amplification and Sequéncing of Osmotin gene fragment

5™
} TACCTGOCCGGAGAGCA

CTAGCTACCGGGTAGTCTTC
TGCCCATAAATTTTITATITIC
ATTTTITITTITIGCACGOGATG
AACATGTGCGATTAGTGGTG
TGGAATAC

3 and 5° RACE-PCR of Osmaotin gene

CGCCGCCACTGCCATCC
GCTTCGACAT CCAAMACAANTG
CTCCTACACGATETGGCCGGE
COGTCCTOCCCCACGRCGGIG
GCCGCCGOCTCOACAGCGGT
CAAACCTGGACCCTATCCTTCC
AMANCIGGT

Predicted 3D structure of
OSMOTIN

Figure 1. Cloning and sequencing of Osmotin gene from Ocimum basilicum Linn. Amplification and sequencing of core fragment, 3'
and 5' RACE amplicons of Osmotin gene from Ocimum basilicum. The full length CDS was theoretically translated and its 3D structure was
modeled for prediction of regions which could have antifungal activity.
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3.8 Understanding the affect of endophytes on artemisinin biosynthesis in Artemisia
annualLinn.

Abid Mir Hussain, Vidushi Mahajan, Irshad Ahmad, Sumit G. Gandhiand Yashbir S. Bedi

Artemisia annua L. is a source ofa  fungal isolates respectively (Figure Transcription analysis of key

potent anti-malarial drug: 2). Further, morphological artemisinin biosynthesis and
Artemissinin. Artemissinin and its characterization of fungal isolates regulatory genes was carried out using
derivatives are effectively used to was also carried out. Autoclaved RT-PCR (Figure 3).

treat cerebral malaria in
human subjects with
little side effects.
Artemisinin is a
secondary metabolite
identified as a
sesquiterpene lactone
endoperoxide.

Symbiotic associations
between living
organisms are known to
have played an
important role in the
evolution of present
forms of life on earth.
Plants include a
community of
endosymbiotic fungi that
form intimate
association with cells,
tissues, cell cultures and
regenerated plants.
These fungi regulate
plant growth and
development and
contribute genes and
natural products that
enable plants to adapt to
changing environments.
Several gene expression
studies have
demonstrated the
induction or suppression
of various transcription
factors on interaction
with microbes or their
extracts.

We have isolated and
characterized
endophytes associated
with leaves of Artemisia
annua. A total of 16
representative isolates of
endophytic fungi and
bacteria were obtained (Figure 1).
16s rDNA and ITS sequencing
were used for molecular
identification of bacterial and

and filtered extracts of fungal
isolates were prepared and added at
three different concentrations into
tissue cultures of Artemisia.
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Figure 1. Endophytic fungi and bacteria isolated from leaves of Artemisia annua L.
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Figure 2. PCR amplification of Internal Transcribed Spacers and 16s rDNA from
endophytic fungi and bacteria respectively.

Actin Figure 3.RT-PCR
analysis of key
artemisinin
biosynthesis

HMGR gene from

Artemisia annua.

Artemisia annua
tissue culture was

FPS treated with 10
(1F), 20 (2F) and
30 (3F) mg/ml of
filtered and
autoclaved (1A, 2A
and 3A) extract of
an endophytic
fungus.




3.9 Co-assesment of variation in genic microsatellites and essential oil
composition in Ocimum species

Irshad Ahmad, Praveen Awasthi, Vidushi Mahajan, S.R. Meena, Yashbir S. Bedi and Sumit G. Gandhi.

Ocimum spp. are important activities and importance in in the conserved flanking regions. 25
economic and medicinal herbs with  traditional medicine systems EST-SSR primer pairs were randomly
proven efficacy in Unani and irregularities have been noticed by selected and used for amplification
Ayurvedic systems of medicine. several researchers in taxonomy and  across seven species of Ocimum.
Essential oils from Ocimum are total number of species in Ocimum Further essential oils were extracted
highly valued in perfumery, genus. In the present study we have  from these seven species and their
flavouring and pharmaceutical developed and used EST-SSR compositions were determined using
industries. Pharmacological markers to determine the genetic gas chromatography. We have
activities of Ocimum oils include relatedness between 7 different assessed amplicon size variation of
calcium-channel blockade, species of Ocimum. About 23,000 EST-SSR markers along with variation
ameliorative effects in axotomy- EST sequences from Ocimum in essential oil composition.

induced neuropathy, controlling basilicum were downloaded from

the alteration of neurotransmitter NCBI database and assembled

levels due to noise stress, using CAP3. Simple sequence

antinociceptive, analgesic and repeats (SSRs) were screened in

spasmolytic activities. In spite of these sequences using standalone

such an array of pharmacological perl scripts. Primers were designed

Parameter

Total number of ESTs searched

Total number of ESTs with SSRs

Total number of ESTs with single SSR 451

Total number of ESTs with >2 SSRs 20

Repeat Type
Mononucleotide ' 166 (33.74%)
Dinucleotide 122 (24.80%)
Trinucleotide i 131 (26.63%)
Tetranucleotide TR 15 (3.05%)
Pentanucleotide | 17 (3.46%)
Hexanucleotide 31 (6.30%)
Heptanucleotide 10 (2.03%)

Total number of SSRs identified 492

Total length of Unigenes searched (kb) ~ 9,754 kb

Frequency of SSRs 1 per 19.82kb

Figure 1.Summary of EST-SSR computational search results.
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3.10 Molecular cloning, bacterial expression and promoter analysis of squalene
synthase from Withania somnifera (L.) Dunal- an Indian ginseng

Wajid Waheed, Sumeer Razdan, Rekha S. Dhar, Surrinder K. Lattoo and Ram Vishwakarma

A full length cDNA of SQS gene
was obtained from the leaf tissues
of withaferin-A rich chemovariant
of W. somnifera by degenerate
PCR and RACE methods (NCBI
GenBank Acc. No. GU474427;
Protein ID. ADC95435.1). A 450
bp core fragment was obtained
from the initial RT/PCR reaction.
To obtain 5' and 3' ends of core
amplified fragment RACE
technique was used. Gene specific
primers used for carrying out
RACE were designed using partial
length sequence obtained from
amplified core fragment. After
assembling 5' and 3' RACE
sequences, a cDNA sequence of
1581 bp with a poly-A tail was
obtained which contained an open
reading frame of 1236 bp encoding
a protein of 411 amino acids (Fig.
1). A173 bp 5" un-translated
region (UTR) was upstream of the
start codon and the coding region
was followed by a 152 bp 3"UTR

(Fig. 1).

The C-terminal hydrophobic region
was also predicted by TMHMM
and SPLIT 4.0 bioinformatics
programs. Secondary structure
analysis of WsSQS protein by
SOPMA program revealed that
WsSQS consists of a-helixes
(65.69%), B-turns (4.38%) joined
by extended strands (8.03%), and
37 random coils (21.90%). Using
human squalene synthase (1EzfB)
as a template for comparative
modelling, a predicted 3D structure
was determined for WsSQS by
applying I-TASSER simulation (Fig.
3a). The template shared 46.8%
identities with the WsSQS
sequence. Analysis of the
evolutionary conservation of its
surface amino acids was performed
using ConSurf program. Several
residues with high scores were
found to be functional and
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Analysis of the deduced protein sequence

1540
1581

The calculated molecular mass and the predicted isoelectric point of the WsSQS deduced
polypeptide sequence were 47.06 kDA and 7.91 respectively. The amino acid sequence of
the WsSQS shared 92% identity with that of Capsicum annum, Solanum tuberosum and
Solanum lycopersicum, 91% with Nicotianatabacum and 90 % with Nicotiana benthamiana.

structural residues in the protein by
ConSeq servers (Fig. 3d).




Fig.2 Neighbor
joining phylogenetic
tree constructed form
the deduced amino
acid sequences of
WsSQS from W.
somnifera and SQSs
from other organisms
using MEGA 5.05.
Numbers above the
branches indicate
bootstrap values.

WsSQS is red boxed.

Members of the
Solanaceae family
are present in a
separate clade shown
ina bracket.
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Fig. 3 Three dimensional models and conserved residue prediction for WsSQS. a; Cartoon display of the 3D structure of WsSQS as predicted
by I-TASSER Web Server using crystal structure of human squalene synthase(PDB accession code 1EZFB) as template. The main a helices are
numbered with A-Q from N-terminal (Methionine 1) to C-terminal (Serine 411). b; Predicted ligand (shown in green) binding site as predicted
by 3DLigandSite Web Server. Active site is predicted to involve amino acids GLU 80, ASP 81, ASN 209, ILE 210. Superimposition of 3D ribbon
model of WsSQS (Green) with human SQS (Purple) using 3d-SS superimposition service.Conserved residue analysis of WsSQS using Consurf
and Conseq Web Servers. Residue conservation from variable to conserved is shown in blue(1) to violet(9). The residues involved in substrate
binding and active site are shown in the center core of the structure.




Fig. 6 Time murse expression of truncated W5305 gene [pGEX-WsSQ5Trunc) in E. colf BL21
(DES). pGEX-WSSOS5Trune s a 24 amino add, C-terminus deleted Ws505 gene fused inframe
with GSTmg. Toml protein extracts of E. coli cells were used for detection by SD5-PAGE and
stained with Coomassie blue Lane M, Protein Moleoular Weight Markers: Lane CO-C6 |,
induction of control (vector only ) 0 (C0),2 (C2),4(C4) and 6(CH) hours after induction. Lane
G0-G6, induction of recombinant protein after O(GO), 2 (G2), 4(G4) and 6(G6) hours
induction with 1mM IPTG at 37°C. The arrow indicates the position and size of the
recombinart Ws5Q5 protein{65kDa).

Expression of WsSQS in E.
coli

High levels of expression of the
truncated WsSQS protein were
observed 1 h after addition of 1 mM
IPTG (Fig. 6).

Results indicated that WsSQS
expressed in a constitutive manner in
the tissues of roots, stalks and leaves,

In order to express WsSQS in E. with the highest expression in leaves

coli, we cloned the entire coding
region of the WsSQScDNA, as well
as a truncated WsSQS cDNA
having a deletion of the last 25
amino acids at the carboxyl-
terminus into pGEX4T2 vector, an
expression vector with Tac
promoter and a GST-tag yielding
PGEXAT2-WsSQS and pGEX4T2-
WsSQSTrunc respectively. The
expression constructs were checked
for in-frame fusion by DNA
sequencing. The geneconstructs
were transformed into competent
BL21 cells and their expressions
were induced by the addition of 1
mM IPTG at approximately OD600
= ~0.5. Low levels of the SQS
polypeptide were observed in E.
coli that contained the putative full-
length SQS cDNA (pGEX4T2-
WsSQS) (data not shown). In
contrast, readily measurable levels
of SQS polypeptide were observed
in the extracts of E. coli that
expressed the truncated WsSQS
(PGEX4T2-WsSQSTrunc). This
resulted in the appearance of a
new fusion polypeptide with an
expected molecular mass of
approximately 65 kDa (40-42 kDa
WsSQS plus 25 kDA GST-tag)
when resolved on SDS-PAGE.
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(Fig. 8). The expression pattern of

* CACAGCAAAT CTTTTTTCCA ACTCCACAAT CAACCGTTAA AACATTTCTA CCCACATAAG TATAAACTTT AACTTGILTISO
- GTATEETTIA GAAAAAAGGT TAAGETOTTA ATFOGCAATT TTOTAAACAT GEOTGRTATTC ATATTTGAAL TROAALAAGA

1

UE L1
wm{mwmm L1-] 160

GETTTATALE TGATTTTGTA TTGATGTGAN AGGATAGTTA ACAGGATTAL CTGTTTCTAL

® CATTGASGTA mm&xﬁ COTACCGATT TTCASAAAAT GACTCATAAT AAACATAGAA JA0
- GTAACTTCAT GITTAGATTTCTGOCCTAAAL ACTCAGTCTG GCLATGCCTAG AACTITTITACTCAGTATTA TTTCTATCTT

& AAAATTGAAL TATCCATAGD TGLLATTAAA GAGTADGASL AGTTTAAAAL AAAAGAGTTA CACTGTATTT TATACLCACT NJO
'I"I'm"lﬂ ATAGGTATIC ADCOTAATTT CTCATGCTTG TCARATTITG TTTTCTCAAT GTOACATAAL ATATGOGTOA

@ GUTGCOTAALL AAL TARLRIG
- CGACCATTTT TTCATTTTGE COGCTTTICT ATAAACATTY TATAAATTAT TGOTGTATTG THIAGCATAT

TATA Bow i

.
-m ACTATTTCAY COTTTCATATA CTGCCATTTE S21
- TEATARALTA SCAAMGTATAT GALGETAANG

Fig. 7 The DNA sequence of the Withonio somnafera WeS0S promoter amplified from the
EcoRV penome waking libary, & 517-bp fmgment with respect to the BNSCHPTON ST
site (TS5) |s presented. The putative T3S, TATA bos, CAAT box and other imporant oi-
regulstory elements are marked gut.

WsSQS in different tissues

corroborated well with the squalene
content in the respective tissues (data
not shown).

Expression profile of
WsSQS in different tissues

To investigate the WsSQS
expression pattern in different
tissues of W. somnifera, total RNAs
extracted from roots, stalks, and
leaves were used as the template in
quantitative RT-PCR analysis.

Isolation and Analysis of
WsSQS promoter region

Using genome walking, we isolated a
693 bp fragment upstream of the start




Rebitkre abundance of WaSOF mRNA

were also
identified.
Light
responsive cis-
elements, 3-
AF binding
site (position
424),
GT1CONSEN
SUS (positions
237, 349, 403,
12 and 13)
and GATA box
(positions 428,

indicatedthe standard erfors afthe mean

Rt Sralk

Fig. B Relative tissue spedfic expression of WERDS in various dssues of W
somnifere. Each sample was indhiduslly asssyed in triplicate. Error bars

474,133 and
250) were also
present in the
promoter
region. One

Leal

codon including the 173 bp 5~
UTR which corresponded to the
putative promoter region of
WsSQS (Fig. 7). It possessed a
typically high A+T content
(65.46%) commonly found in
other plant promoters.
Computational analysis using
PlantCare and PLACE databases
revealed several cis-elements
including eight potential TATA box
sequences within the promoter
region of WsSQS at positions 445,
466, 476, 477, 478, 479, 481 and
484. Another consensus
eukaryotic cis -element CAAT box,
was also observed at positions 5,
147, 138, 243, 136, 170, 146,
161, 26, 242 and 137.
Furthermore, several stress related
cis-elements were also identified in
the promoter region of WsSQS.
Four Myb (at positions 33, 78, 324
and 30) and two Myc (at positions
136 and 316) recognition sites
were also identified. W-boxes
present in the promoters of many
defence related genes of other
plants were also found in the
promoter region of WsSQS at
positions 150, 341, 346, 191, 220
and 390. The WRKY transcription
factors which are involved in
various physiological processes
including pathogen defense bind
specifically to these W-boxes.

Low temperature responsiveness
and heat stress responsive element

core motif,
GARE described as dehydration and
GA responsive expression element
(Sutoh and Yamauchi 2003) was
also identified at position 77.

The transcription start site (TSS) of
the WsSQS promoter was
determined by 5~ RACE strategy.
More than 10 RACE products were
sequenced and the TSS of the
WsSQS mRNA was identified at the
site “A”, 31 bp downstream of the
Predicted TATA box (Fig.8).

Effect of phytohormones on
withanolides biosynthesis

To validate the predicted cis-acting
elements, the effect of MeJA, SA
and 2, 4-D treatments on the
biosynthesis of a key withanolide,
withaferin-A

and phytochemical analysis was done.
Similar results were also observed
when W. somnifera was treated with
0.1 mM SA, an important component
of signal transduction cascades
activating plant's defense response
against pathogen attack (Durner et al.
1997), and increase in the
biosynthesis of withaferinA was more
prominent compared to MeJA. With 2,
4-D, phytohormone known for
inducing cell division and other
growth related physiological
phenomenon in plant cells, a slight
increase in withaferin-A levels was also
observed (Fig. 9). This might be
because of the fact that auxins have
been shown to upregulate DWARF4
gene of brassinosteroids biosynthetic
pathway increasing the
brassinosteroids levels (Chung et al.
2011). Since brassinosteroids pathway
shares a considerable homology with
withanolides biosynthetic pathway, it
is possible that DWARF4 gene product
may be a common precursor to both
brassinosteroids and withanolides. All
these results tend to be in agreement
with the WsSQS promoter analysis
and indicate that WsSQS is signalling
molecules-responsive gene, which
may be involved in the defence
responses and regulation of secondary
metabolites in W. somnifera.

was analysed.
Withania plants
were mist
sprayed with
SA (1 mM), 2,
4-D (0.05 mM)
and MeJa (0.1
mM) solution
on both sides
of the leaf until
liquid dripped
from the

leaves. Leaf
tissues were
collected after
12 and 24 h

and 24 hours after Ireatmen
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Fig. 9 Up-regulstion of withaferin & cmment in W somafiers by diffensnt pytohofimenes.
Plamis weans spreged with Methg-aamonste (001 mbd Kela), Salicyic sdd [1m b SA) and I, &
Dichigiophenoxy ac=ic add (005 mBAY, 400 dissobed i DD, Contmol planis wene
sprayed with egual toncenifetion of IS0 as that of trestment. Dats were ollecied 12

after treatment




Molecular characterization and identification of cis-regulatory elements of squalene

monooxygenase gene from Ashwagandha (Withania somnifera)

Sumeer Razdan, Wajid Waheed, Surrinder K. Lattoo, Rekha S. Dhar and Ram Vishwakarma
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Fig. 1 Putative biosynthetic pathway of withanolides; dashed arrows represent
multiple steps.

with the amino acid similarity among
these proteins. Using the SMART tool,
WsSQE protein sequence predicted
several overlapping domains, which
included DAO (D-amino acid oxidase)
(66-375 amino acids), lycopene
cyclase (66-428aa), squalene
epoxidase (SE) (215-488aa), FAD
binding-2(66-389aa) and FAD
binding-3(64-412aa). One of the
domains DAO belongs to the class of
FAD flavoenzymes involved in the
oxidation of basic and neutral D-
amino acids into keto acids. Squalene
epoxidase (SE) domain is found in
taxonomically diverse groups of
eukaryotes and bacteria while as FAD
binding domain is involved in FAD
binding with various enzymes using

A Full length gene designated as
WsSQE (NCBI GenBank accession
no.GU574803was isolated from
the Withaferin A rich accession of
W. somnifera. Based upon the
conserved amino acid domains of
squalene epoxidase from other
plant species, degenerate primers
were designed to amplify an initial
core fragment of 550 bp. RACE
technique was used to obtain the 5'
and 3' ends of core fragment.
Partial length sequence of core
amplicon was used for designing
the gene specific primers

(GSP). Utilizing the GSP, RACE
amplicons of 5' and 3' ends were
amplified, sequenced and
assembled, generating a full length
gene sequence of 1900 bp
containing an ORF of 1596 bp
encoding a protein of 531aa
(Fig.2) The 5'and 3' UTR
sequences were of 165 bp and 195
bp res pectively (Fig. 2).

Analysis of the deduced
protein sequence

Based upon sequence homology
tool (Blastp), deduced amino acid
sequence of WsSQE revealed
homology with other plants such as
Datura innoxia (95%)

26

Medicagotruncul
ata (87%), Aralia
elata (81%)
Medicago sativa
(80%) Panax
notoginseng
(80%),
Gynostemma
Pentaphyllum
(81%),
Euphorbia
tirucalli (78%),
Panax ginseng
(81%),
Eleutherococcus
senticosus (80%),
Arabidopsis
thaliana
(75%)(Fig. 3). A
phylogenetic tree
was constructed
using
CLUSTALW 2
tool to ascertain
the degree of
evolutionary
relatedness
among different
plant species
(Fig. 4). The

degree of
relatedness
correlated well
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Fig.

2 Nucleotide and the deduced amino acid sequence of WsSQE

from W. somnifera. The ATG start codon at position 1 and the TAA
stop codon at position 1596 are highlighted




Fig.3 Predicted 3-D structure (a) and substrate binding site (b) of WsSQE deduced by
I-TASSER homology- based modeling using Pseudomonas aeruginosa FAD dependent

monooxygenase (pdb2x3n) as template.

Tissue

Fig.4 Comparative tissue specific
expression of WsSQE

FAD as cofactor and are
responsible for many catalytic
properties in the living system. The
secondary structure analysis of
WsSQE was done by SOPMA
(http://expasy.org/tools/SOPMA).
Results showed that predicted
WsSQEprotein consists of 36.35%
alpha helices, 19.02% extended
strands, 38.79% random coil, and
5.84% beta turns. Alpha helices

and random coils were most
predominant, while beta turns were
least abundant structures in the
predicted WSSQE protein.

residues in this model having similarity
(BS>1.1) with binding sites of WsSQE
protein sequence.

Comparative tissue specific
expression

Relative transcript analysis of WsSQE
was performed by using equal amount
of RNA sampled from different tissues
(leaves, stalks and roots) of W.
somnifera by using quantitativePCR.
The expression levels in the all the
tissues were normalized against the
normal transcript levels of actin, which
was taken as a control in this
experiment. Real-time PCR results
revealed that WsSQE transcripts were
relatively abundant in leaf tissue,
followed by stalk and least in the root
tissue (Fig. 6). The high expression of
WsSQE in leaves corroborates well
with the higher accumulation of
withanolides in leaves as reported in
earlier studies.

Bacterial expression of WsSQE

The entire protein coding cDNA of
WsSQE was cloned into expression
vector pGEX-4T-2, containing a
functionally hybrid tac promoter and

G. pantaphyfiam

M. sativa

1 gy T e

M. (nanculata

PR L]

Fig. 5 Phylogenetic tree of squalene epoxidase proteins sequences of various plants:
W.somnifera (GenBankaccession number GU574803), D.innoxia (GenBank Acc. No.
AAY22200), G.pentaphyllum (GenBank Acc.No.ACQ90301), N. sativa (ACJO533), A. elata
(GenBank Acc. No.ADC32655), P. ginseng (GenBankAcc. No. BAD15330), E. tirucalli

(GenBank Acc. No. BAF79915).

The three dimensional structure of
WSsSQE (Fig. 5) was predicted by I-
TASSER web server
(http://zhang.bioinformatics.ku.edu/I
-TASSER). The Pseudomonas
aeruginosa FAD dependent
monooxygenase was used as
template to carry out homology
based structural modeling FAD
ligand exhibited binding at various

glutathione S-transferase (GST; 26
kDa) as a fusion tag to facilitate
subsequent purification of the
recombinant WsSQE protein. The
PGEX-WsSQE construct was
sequenced and transformed into E.coli
BL-21 cells the resultant recombinant
WsSQE fusion protein of approximate
size 85.1 kDa (Fig. 7) was observed
on10% SDS gel.




Promoter isolation of WsSQE

Using the PLANT CARE and
PLACE web tools several putative
cis-regulatory elements were
deciphered from the promoter
sequence of WsSQE (Fig. 8). TATA
box sequence elements required for
the critical and precise transcription
initiation were found at positions
96 (-), 5' upstream region of the of
the start codon. CAAT BOX
sequences responsible for the tissue
specific promoter activity were
found at numerous positions 226 (-
), 299 (-), 497 (-), 144 (-), 511
(+), 149 (+). Calcium responsive
cis-element ABRERATCAL was
found at 240 (+) position.
ACGTATERD sequence element
required for etiolation based
expression of erd1 was
identifiedat469(+) position.
Conserved sequence AMYBOX1
found in 5'-upstream region of
alpha-amylase gene of rice, wheat,
barley was present at 463 (-)

positions in promoter. BIHD10S
binding site of OsBIHD1,

to the photosynthetic process.
DOFCOREZM 352 (+), 185 (-), 429

MikDa)

13—

90 .

Fig 6 Heterologous protein expression in E. coli with IPTG induction (1ImM) at 37°C for
2,4, 6, 8 h. Protein Molecular Weight Marker (MW) (L1), E.coli harboring empty vector
(L2), E.coli harboring pGEX-SQE construct induced by IPTG (ImM) at 2 h (L3), 4 h (L4),
6 h (L5) and 8 h (L6).

+CTGAGGCTGA GGCTTCTG A TGCAGTTATTA CAGGTCTGAT
- GACTCCGACT CCGAAGACT ACGTCAATAAT GTCCAGACTA
CARTRDE §

TTCTGTGTGTG CTGTGCCAGCATTCGETTT £/13
AAGACACACAC GACACGGTCGTAAGCGAAA

TATABOK
+ ATTTGATCCT AGATCCTCAT GTTCTTATATAT CGTCTTATTT
- TAAACTAGGA TCTAGGAGTA CAAGAATATATA GCAGAATA AA

+ TTATTGTCAA TGTCTGTGCG TGTTGCTACCCT GGTGGGGGAT
* AATAACAGTT ACAGACACGC ACAACGATGGGA CCACCCCCTA

WRKYTI05
+CTTGTTTGAT TTCTATTGAC GGTTTTGACACG CGGGTTGATT
- GAACAAACTA AAGATAACTG CCAAAACTGTGL GCCCAACT AA

4+ TGGLCCGGGE TGGTAAAATT GAGGGGGGTTAA AAATATAGGGA
. ACCGGGLLCG ACCATTTTAA CTCCC!:ECMTT TTTATATCCCT

TTCTCCCAACT TGGGTTTGCCCAGTGAG

AAGAGGGTTGA ACCCAAACGGGTCACTC
CACTFTPRCAL

TCTTTATTAGT GGATCGGGTGATCCGAT
AGAAATAATCA CCTAGCCCACTAGGCTA

TGATGTTGTTA GATATGGTGGACTTCGA

ACTACAACAAT CTATACCACCTGAAGCT
REFAT

TGTGTCTCATG TGTAATTTAATTCGTC

ACACAGAGTAC ACATTA AATTAAGLAG

543

473

403
233

DOFCORLIM

+ ARAGGTGCGE GTAGCGTTGT GTCEAGAMTCC COLCAGCCAA
TTTCCACGCG CATCGCAACA CAGGTCTTTAGG GCOGTCGGTT

GCATTCATCA A ATACAGCCATTACATTC
CGTAAGTAGTT TATGTCGGTA AGTAAG 163

CACTFIPPCAL ACGTATERD
+ CTAGTTACTT TTAATAAATAA GAGAAACGACAT COGTTCCACTT TGTTACGTCGC CGTTTCCTGTCCCTTT
- Gﬂmﬁm GAL AATTATTTATT CTCTTTGCTGTA GCA AGGTGAA ACAATGCAGCG GUAAAGGACAGGGAAA 93

+TCTGCATTGT CGCCGGLGAC AAT
. AGACGTAACA GCGGCCGETG TTA 23

Fig. 7 The putative cis-regulatory element present in the promoter region of the WsSQE. A 580 bp fragment was amplified from the
genome walker library using EcoRYV restriction enzyme. The key sequence elements TATABOX, CAATBOX1, ABRERATCAL, ARR1AT
are highlighted

positions. ARR1ATand ARR1
transcription factors for genes,
which are involved in cytokinine
response, were located at 180 (+),
138 (+), 218 (+), 249 (+)

homeodomain transcription factor
were found at 146 (+), 237 (-).
CACTFTPPCAL 460 (+), 427 (+),
136 (-), 192 (-) tetra nucleotide
(CACT) is a key component related

(-), 462 (-), 488 (-) transcription
factors are associated with the
expression of multiple genes involved
in carbon metabolism in maize .

Some important phytohormone
28




induced regulatory elements like

ABREOSRAB21 469 (+), ARFAT
327 (+), ASFIMOTIFCAMV 228
(+), 348 (-), WRKY710S 228 (+)

were also found in the promoter
region indicating active

transcriptional regions in response to

various phytohormones. The key

promoter elements and their putative
functions are listed in the Table 2.

3.12 Cloning and heterologous expression of CYP76 and CYP98 hydroxylases from

Withania somnifera

Satiander Rana, Rekha S. Dhar, Surrinder K. Lattoo and Ram Vishwakarma

Cytochrome P450 monoxygenase
belongs to largest gene
superfamily. They catalyze diverse

W. somnifera is a rich source of
pharmacologically active steroidal
lactones known as withanolides.

WsCYP7642

ORF- 1548 bp
515 amino acids
Meolecular mass-

56.6 kDo

Solanurm melongena

WsCYPSEAS

ORF- 1536 bp
511 amino acids
Molecular mass-

56.2 kDa

{Genbank ACC. No. HMOESS0

Maximum identity -89% with

(Genbank ACC. No. HMOGE10

Maximum identity -76% with
Solanum lycopersicum

L1

3 > 308 szz3838z8 B

Fig. 1 Heterologous expression of WsCYP76 and WsCYP98
inE coli (BL21) using 0.8 mM IPTG. In different lanes. Lane

M: Marker, C: Control and 2h, 4h & 6h: Samples harvested

after two four and six hours.

array of reactions like epoxidation,
hydroxylation, and alkylation.
Mainly they are involved in
secondary metabolite biosynthesis.
Most cytochrome P450 enzyme
systems consist of two proteins,
usually both anchored in the
endoplasmic reticulum, the
NADPH:cytochrome P450
reductase and the cytochrome
P450 itself. The latter confers
binding and activation of molecular
oxygen, as well as substrate
specificity and catalytic conversion.
P450s catalyze rate-limiting and
sometimes complex chemical
reactions in all plant-specific
metabolic pathways, like phenolic
and lipid metabolism, biosynthesis
of isoprenoids, alkaloids and other
amino acid derived compounds.

The downstream pathway
responsible for their biogenesis is
unknown. To identify the key genes
involved in withanolide
biosynthesis we have successfully
cloned and expressed two P450
monoygenase namely WsCYP76
(Genbank ACC. No. HM06990)
and WsCYP98 (Genbank ACC. No.
HMO06610) having open reading
frame of 1548 bp and 1536 bp,
containing 515aa and 511aa
respectively.

For heterologous expression, the
restriction sites were added to their
respective ends and both
expression vector and coding
domains were digested with the
restriction enzymes. Digested vector
and insert were ligated using T4
DNA ligase at 16° C overnight. The

ligated products were then
transformed and expressed in E. coli

(BL21).

M C Zhdhsh

2h 4h 6h

C

Fig. 2 Predicted 3 dimensional protein structures of WsCYP76 and WsCYP
98 on the basis of homology modeling using online webserver I-TASSER




3.13 Molecular cloning, heterologous expression, quantitative real-time expression
analysis of B-amyrin synthase and Lupeol synthase from Withania somnifera

Niha Dhar, Satiander Rana, Nasheeman Ashraf, Rekha S. Dhar, Surrinder K. Lattoo and Ram Vishwakarma

Triterpenoids are a very diverse
group of natural products with
wide distribution and particularly

conserved regions of reported
OSCs. PCR fragments were cloned
into pPGEM®-T vector (Promega)

To account for relative transcript level
of the two cloned genes in different
tissues, a quantitative PCR was

Other Natural Triterpenes
(more than 90 skeletons)
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high chemical diversity in plants.
They include compounds such as
withanolides, lupeol, beta-amyrin,
betulinic acid, the avenacins, and
glycyrrhizin, which have important
biological functions and medicinal
properties. The biosynthetic
pathway toward triterpenoids
proceeds by cyclization of 2, 3-
epoxysqualene to different
triterpenoid products involving
various members of oxidosqualene
cyclases (OSC) gene family.
Similarly in Withania somnifera this
step is situated at the critical
branching point for
phytosterol/withanolide and
triterpenoid biosynthesis as shown
in figure 1. Sequence generation,
analysis and functional
characterization of various
members of OSC family can open
gateways for engineering the
desired triterpenoid pathway. As a
step towards this we have cloned
and characterized 3- amyrin
synthase (WsBS) and Lupeol
synthase (WsLS) of OSC family
from Withania somnifera.

WsBS &WSsLS were amplified using

and
sequenced.
5 &3
RACE were
performed
using
FirstChoice
® RLM-
RACEK:it
and the
sequence
generated
was used for
designing
full length
primers.
Open
reading
frames of
WsBS
system
using
pGEX
bacterial
expression
vector and
BL21 strain
of E.coli .
Further the
expressed

Oxidosqualene cyclization in higher plants

1 ik
o i

Fig 2. Cloning of full length a) - amyrin synthase (WsBS) & b)
Lupeol synthase
Fig 3. Heterologous expression of a) WsBS &WsLS and CBB stained
image of b) purified WsBS & WsLS ON 12.5 % SDS

proteins were purified using GST
sepharose beads (GE healthcare).

performed. Both the genes showed

degenerate primers based on the A ; e
significantly high expression in roots
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Fig 4. Tissue specific real time expression profile of a) Fig 5. Copy number analysis of a) WsBS & b) WsLS
WsBS & b) WsLS using DIG DNA Labeling and Detection Kit (Roche)

(R) followed by leaves (L), stalk (S)  WSsLS, southern blotting was done illustrated both genes to possess a
and berries (B). Further to probe using DIG DNA Labeling and single copy number in W.somnifera.
the copy number of WsBS and Detection Kit (Roche) which

3.14 An in vitro approach to molecular infidelity yields 12-deoxywithastramonolide rich
chemovariant in Withania somnifera (L.) Dunal - its molecular cytogenetic analysis
and significance as a chemotypic resource

Satiander Rana, Niha Dhar, Shabnam Khan, Rekha S. Dhar, Prabhu Dutt and Surrinder K. Lattoo

An in vitro approach is a viable
alternative to induce epigenetic
and genetic changes in crop
species. Plant characteristics such
as tolerance to various types of
stresses, disease resistance, and
qualitative or quantitative
improvement in yield attributes
have been achieved in variety of
plants. The present investigation
validates the applicability of an in
vitro strategy to induce somaclonal
variation in W. somnifera which
manifested in the form of
enhanced levels of WS-12D.

Six weeks after culture initiation,
the morphogenetic response of W.
somnifera explants on media
supplemented with Kn in
combination with various
concentrations of 2,4-D, IBA, or
NAA was recorded. Kn/2,4-D and
Kn /NAA combinations, at varying
concentrations of the auxins
(0.51.5 mg I"), resulted in pale-
white friable callus with sparse
shoot differentiation and white-
green friable callus with a moderate
number of shoots, respectively. The
percentage of callus formation
ranged from 2452% on Kn/2,4-D
combinations. On the other hand,

callus induction on
Kn/NAA
combinations
ranged from
5260%, with a
mean shoot length
of 4.2cm and an
average of 5
shoots per explant.

However, the
combination of Kn
and IBA was
found to be most
effective in terms
of both callus
induction and
shoot regeneration
(Fig. 1a, b), and
showed a better
response
compared to other
hormonal
supplements
reported for W.
somnifera. Within
6 wk after
inoculation on MS
medium
containing 2 mg I
Knand 1 mgI”
IBA, profuse pale
white-green

Flgure 1. Calius Induction and
shoot  organogenssis i W
omaifera. @) Organogedsic
callus incasction anid
praliferation from leat
segments {bar 10 mml )
Shoot  megeneration  from
organogenic  callus  (bor 11
mmk e} Multiple  shoot
regenerants  showing  Tullly
deviloped fn wira  Mowers
{berr 11 mm}; o) amd £}
Ropted  nchividual  shoots
thovwing  produse i wilrd
rooting (bars 12 mmk f )
Hardened and  acclimatized
plantiets (bar 13 mmj,




nodular callus was successfully The
induced (Fig. 1a). The overall major
percentage of callus formation reduction
ranged from 7696% at varying was in
concentration of IBA (0.5-1.5mg|l" WS-3

Y. Multiple shoot regeneration which
waspreceded by shoot bud accumula
differentiation. A significantly ted at
higher number of shoots per 0.136%
explant (15.80=%0.73) with an in the
average shoot length of 6.90+0.47  somaclon
cm was achieved with 2 mg I'Kn e as

and 1 mg I IBA. compared
to
0.755%
in the

Interestingly, plantlets
obtained with Kn and IBA flowered
profusely in vitro (Flg.l_c). These mother
flowers were fully functional, plant

producing yellow berries with The Figure 2.HPLC profile of withanolides in W. somnifera. a) Standard
viable seeds. Shoots transferred to . withanolide markers; b) Mother plant leaf extract; ¢) Somaclonal variant
rooting medium exhibited comparati leaf extract. Withanolide-A (WS-1), withanone (WS-2), withaferin-A (WS-
. . . . ve 3), 12-deoxywithastramonolide (WS-12D), withastramonolide (WSC), 27-
induction of vigorous tapering chemopr hydroxywithanone, (WSC-O) , withanoside (WSG-3).

roots (Fig. 1d—e). Optimum root

induction was observed with 0.75 Rute-Bcabed Chromutogram
mg I IAA. Root initiation started 3
wk after transfer onto rooting
medium. Rooting percentage with
different concentrations of IAA
ranged from 44-92%. Following
hardening procedures, 5 wk old
hardened plants (Fig. 1f) were |
successfully transferred to field y Al b
conditions, with a survival rate of T ab e Al we U@ wm em
about 86%. Chemoprofiling.In
total, 54 somaclones were
successfully established under field
conditions. These were free of any
noticeable phenotypic variability " :
compared to the donor mother - 7 & 1
plant. Almost all of the tested i B EEER%e & @

. oy - e b
regenerated plants established L i, Vi 2 a1 :
under field conditions showed a ; ol oo o Kol ol
detectable, moderate variation in
the chemical constituents. One
somaclone, designated WS-R-1,
showed a significant accumulation
of WS-12D amounting to 0.516 %,
compared to 0.002% in the mother :
plant. The HPLC chemoprofile of - U8 go
the mother plant indicated the i Q_Jg,h;:
absence of WSC-O, while WS-R-1 im am e o
was devoid of two constituents
(WS-2 and WSC-O; Fig.
2b—c).Other constituents namely
WS-1, WS-2, WS-3, WSC, and
WSG-3 showed a decline when
compared with the mother plant.

Fig. 3
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Figure 3.a) Somatic metaphase spread showing 48 chromosomes, b) Diakinesis, ¢) Meiotic
metaphase-| presenting 24", d) Late anaphase-l showing normal 24:24 disjunction. Bars 10 pm.

ofiles were consistent for two years ~ With regeneration via a callus phase is
of growth under uniform cultivation @ proven approach to trigger
conditions. In vitro stress coupled molecular instability. Nevertheless, the
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underlying changes in WS-R-
1 which resulted in
overproduction of WS-12D
and reduced accumulation
of WS-3 requires molecular
dissection. Biogenesis of
withanolides is complex as
various steps involved in
biosynthesis of key
withanolides are yet to be
fully elucidated. Different
chemotypic varieties provide
an important resource for
deciphering the biosynthetic
pathway of withanolides.
These metabolites are
synthesized through the
isoprenoid pathway,
probably via both

3000
S0
| 500
10HH)
T

00

9 1011 12 M

Figure 4. DNA fingerprints obtained with primers S-109 (lanesl, 2), S-144 (lanes 3, 4), S-164

(lanes 5, 6), S-361 (lanes 7, 8), S-373 (lanes 9, 10) and S-377 (lanes 11, 12). Odd lanes (1, 3, 5, 7, 9,
and 11) represent mother plant; even lanes (2, 4, 6, 8, 10, and 12) represent W-1-R somaclone.

M, Molecular weight marker (1 kb DNA ladder). Polymorphic bands are indicated by arrows.

mevalonate and non-

mevalonate pathways, wherein 24-
methylene cholesterol is the first
branching point towards the
biosynthesis of different
withanolides through a series of
desaturation, hydroxylation,
cyclization, chain elongation and
glycosylation reactions.

Cytological analysis.The diploid
chromosome number for W.
somnifera was found to be 2N =
48 (Fig. 3a). There were no
anomalies in gross chromosome
structure and organization for any
of the regenerated plants. Meiosis
was normal with perfect
chromosome pairing and 24
bivalents at diakinesis and
metaphase-I (Fig. 3b—c).
Chromosome segregation was
normal with 24:24 disjunction at
anaphase-I of meiosis (Fig. 3d).
Normal meiosis resulted in high
pollen fertility (89%) and average
seed set per fruit was 78.5%.

RAPD analysis.Genetic fidelity of in
vitro regenerated plants has
immense practical utility and
commercial applications. Keeping
this perspective in mind, the WS-R-
1 somaclone, and its explant donor
mother plant were subjected to
comparative RAPD analysis. Ten
random RAPD primers were tested,
from which 6 gave reproducible
results.

Among these 6, 2 primers namely,
S-164 and S-373 gave
monomorphic bands and the
remaining 4 showed altered banding
patterns (Fig. 4). A total of 82 band
positions were recorded which were
generated by 6 primers ranging
from 600 — 2800 bp in size. DNA
from the somaclone gave five
unique amplified bands of 600, 700,
1400, 1500, and 2800 bp in
size.Appearance or disappearance
of RAPD bands can be due to a
single base change at the primer
annealing site. Tissue culture
conditions may have stimulated
various genetic changes in the
regenerated plants. Thus, molecular
changes can reflect stable changes
in the genome which can be used to
breed for stable, desirable
phenotypes.

To our knowledge, this is the first
report of somaclonal variation in W.
somnifera providing a stable
chemovariant with increased WS-
12D content. This somaclone was
evaluated for two years to confirm
genetic and chemical stability. This
stable WS-12D rich somaclone
provides a new addition to the
already existing germplasm of 27
accessions procured from different
eco-geographic regions of India. A
species-rich germplasm resource
base and an efficient breeding

system are prerequisites for optimum
genetic amelioration and effective
utilization of allelic and chemotypic
variability. W. somnifera displays a
versatile sexual mechanism as its
hermaphroditic flowers practice mixed
mating which presents an opportunity
to receive potential benefits from both
out-crossing as well as self-fertilizing
events. Coupled with efficient mating,
its meiotic system also guarantees
sufficient release of variability through
genetic recombination.

This study thus supports the feasibility
of an in vitro strategy for the recovery
of hyper-productive chemotypes of
pharmacological significance.Both
conceptually and empirically, it also
widens the genetic resource base for
manipulative hybridization for
guantitative chemotypic novelty in W.
somnifera.
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Identification of two divergent isofoms of UDP-Glycosyltransferases from Picrorhiza

Wajid Waheed, Rekha S. Dhar, Surrinder K. Lattoo and Ram Vishwakarma

Glycosyltransferases (GTs)
constitute a superfamily of
enzymes that catalyze conjugation
of carbohydrate moieties to
oligo/polysaccharides, proteins,
lipids, terpenoids, flavanoids,
alkaloids and other small
molecules. Over 12,000 sequences
encoding GTs are available in
CAZy database (http://afmb.cnrs-
mrs.fr/CAZY). The superfamily
consists of 78 families based on
sequences, signature motifs,
stereochemistry of glyco-linkages,
substrate specificity, nature and
range. GTs that use UDP-activated
sugars as donors and various types
of small molecules as acceptors are
called UDP-glycosyltransferases
(UGTSs) and represent family 1 GTs.
In higher plants, UGT catalyzed
glycosylation constitutes a
prominent terminal modification in
the biosynthesis of secondary

metabolites and
generates diverse
natural glycosides
(Bowles, D. etal
2006). The UGTs
possess substrate
specificity based on
regioselective
recognition of
chemical sub-
structures. Biological
functions of
glycosylations in
plants include
storage, inter and
intracellular transport
of metabolites,
regulation of
homeostasis of
hormones, etc. UGTs glycosylating
at -OH, -COOH, -NH2, -SH and
C-C groups in secondary
metabolites have been reported. In
an endeavor towards metabolic

onA varz vart var: vart
ladder

Fig. 1 Amplification of two divergent isoforms of
UDP glycosyltransferases (a & b) from R kurroa

engineering in Picrorhiza kurroa, we
have successfully isolated full length
cDNAs of two divergent isoforms of
UDP-Glycosyltransferases.

Open reading frame of PKUGT1 and

PRUGT-1 (364 )
{Genbank ACC. No.
JQ996408
ORF- 1422 bp
473 amino acids
Molecular mass-
52.6kDa

[T AR g p—"
Vilis Winiferna

Maximumidentity - 56% with

PkUGT-2{94F1)
{Genbank ACC.No,
JQ996409
ORF-1455 bp
484 gmine acids
Molecular mass-
56.2 kDa
Maximum identity -76% with

Veronica persica

C

Heterologous expression of
PkUGT-1 in E. coli (BL21)
after induction with 1 mM
IPTGfor1,2,4 &6 hours

Fig. 2 Predicted 3D structure of PKUGT1 (a) and PkUGT2 (b) constructed by homology modeling software- PHYRE 2 using

crystal structure of flavonoid 3-o-glucosyltransferase (c3hbjA) as template.

34




PkUGT2 were 1422 and 1455 bp
long encoding 473 and 484 amino
acids respectively. Clustalw?2
alignment of the deduced amino
acid sequences showed maximum
similarity with the orthologs from
Vitis vinifera (50%- PKUGT1) and
Vernoica persica (53%- PKUGT2).
Predicted molecular mass of
PkUGT1 and PkUGT2 were
52.3kDA and 55kDA respectively.
Predicted pl was 4.92 and 5.16
respectively.

Full length genes of PKUGT1 and
PkUGT2 were cloned into pGEX-
4T2 vector and expressed in E.
Coli (BL21) and the recombinant
proteins obtained are being further
studied for functional validation

L ARV TAAL S

PER & DENTATA LINTA DT FRREAALA

FALLWS VW00

Fig. 3 Neighbour joining phylogenetic tree constructed from the
deduced amino acid sequences of PKUGT1 and PKUGT 2 isolated from
P kurroa and UGTs from other plant species using MEGA 5.05




ANTI-CANCER THERAPEUTICS

Potentiation of the antitumor effect of 11-keto-f-boswellic acid by its 3-a-hexanoyloxy

derivative

Gousia Chashoo, Shashank K. Singh, Dilip M. Mondhe, Parduman R. Sharma, Samar S. Andotra, Bhahwal.A.
Shah, Subhash C. Taneja and Ajit K. Saxena

Abstract

We recently discovered that a
propionyloxy derivative of 11-keto-
B-boswellic acid (PKBA) showed
better anticancer potential than
other boswellic acids including
AKBA, encompassing the
importance of acyl group at the 3-
o-hydroxy position of KBA. In
continuation of our previous work,
other higher derivatives (with
increasing alkoxy chain length at 3-
o-hydroxy position) including
butyryloxy (BKBA) and
hexanoyloxy (HKBA) derivatives of
KBA were synthesized. The
respective IC,, values of BKBA and
HKBA in HL-60 cells were found to
be 7.7 and 4.5 pg/ml. IC,, value of
HKBA was comparatively lower
than that of BKBA, and further
lower than that of the previously
reported derivative (PKBA, IC,, 8.7
pg/ml). In order to compare the
anticancer potential of HKBA with
PKBA, detailed in vitro pro-
apoptotic and in vivo anticancer
studies were carried out. The
induction of apoptosis by HKBA
was measured using various
parameters including fluorescence
and scanning electron microscopy,
DNA fragmentation and Annexin
V-FITC binding. The extent of DNA
damage was measured using
neutral comet assay. HKBA was
further evaluated for its effect on
DNA cell cycle and mitochondria
where it was found to arrest cells in
G,/M phase and also induced loss
of mitochondrial membrane
potential. These events were
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associated with increased expression
of cytosolic cytochrome ¢ and
cleavage of PARP Target based
studies showed that HKBA inhibited
the enzymatic activity of
topoisomerases | and Il at low doses
than that of PKBA. In vivo studies
also revealed a low dose inhibitory
effect of HKBA on ascitic and solid
murine tumor models.

Results

In vitro anti proliferation activity in
human leukemia cell lines

The cell growth inhibition of test
compound in human leukemia cell

lines was tested by MTT assay as
described earlier. HKBA inhibited the
cell growth in dose dependant pattern
and the IC,, value of 4.5 pg/ml in HL-
60 and 6 pg/ml in Molt-4 cancer cell
lines after 48 h of treatment was
observed (_Fig.1). The IC,, values of
HKBA were found to be lower than
that of BKBA (HL-60, 7.7 pg/ml and
Molt-4, 9 pug/ml) and previously
reported PKBA (HL-60, 8.7 pg/ml and
Molt-4, 9.5 pg/ml).

In vivo antitumor activity

In vivo anticancer studies of HKBA
revealed that tumor growth was
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found to show the same effect in
both ascitic and solid tumor models
at 150 mg/kg b.wt. (Chashoo et al.,
2011). Tumor growth inhibition by
5-FU used as positive control was
found to be 48.11% and 46.75% at
22 mg/kg b.wt. in ET and S-180
respectively (_Tablel).

inhibited dose dependently in the
mice bearing ascitic (EAC) and
solid (EAT and S-180) tumors. At
intraperitoneal doses of 50 and 60
mg/kg b.wt.the growth of Ehrlich
ascitic carcinoma (EAC) was
inhibited by 47.54% and 67.29%
respectively. In case of solid
tumors, HKBA showed a growth
inhibition of 35.65% and 50.64%
at 50 and 60 mg/kg b.wt.
respectively in EAT model and
38.35% and 54.36% at the
respective doses in S-180 model.
PKBA on the other hand was

ascitic tumor model namely Ehrlich
ascites carcinoma (EAC). The growth
inhibition induced in solid tumor
models namely Ehrlich tumor (ET)
and Sarcoma-180 (S-180) at 50 and
60 mg/kg was found to be 35.65 and
50.64% respectively for ET and 38.35
and 54.36% respectively for S-180.
The respective growth inhibition
caused by 5-Flurouracil was 48.11
and 46.75% in ET and S-180 tumor
models at 20 and 22 mg/kg
respectively.

Table 1. The in-vivo anti-cancer
studies of HKBA indicate a dose
dependent inhibition of different
tumor models in Swiss albino mice.
At 60 mg/kg body wt. HKBA
showed 67.29% growth inhibition of

Cell count (10")

Tumor
volume (ml)

Dose
(mg/kg i.p.)

anticancer activity of HKBA against Ehrlich ascites carcinoma

NS 10/0

Animals/mortality % Tumor growth

Sample
P inhibition

A). In vivo

Control 286.95 + 3.26

HKBA

50

710

4.79+0.22

150.52 + 5.60

47.54 + 0.34°

60

710

3.14 +£0.14°

93.84 + 0.51°

67.29 + 0.48°

SFU

20

710

0.92 +1.02%

15.32 +1.3°

94.66 + 0.32°

Sample

Dose
(mg/kg i.p.)

Animals/mortality

Body
weight (g)

Tumor weight
(mg)

% Tumor growth
inhibition

B) In vivo anticancer activity of HKBA against

Ehrlich tumor

Control

NS

10/0

21.21+0.35

1266.05 + 81.22

HKBA

50

7/0

20.21 +0.40

814.66 +49.30

35.65 +0.32

60

710

20.02 £ 0.61

713.45 + 35.82°

50.64 + 0.42°

SFU

22

710

18.85+0.50

722.14 £50.1°

48.11 +0.31°

C) In vivo anticancer activity of HKBA against

Sarcoma-180

Control

NS

10/0

21.33+0.45

1136.05 = 73.31

HKBA

50

7/0

21.25+0.50

723.30 £52.91

38.35 +0.62

60

7/0

19.28 + 0.63

659.76 + 50.01°

54.36 + 0.61°

SFU

22

710

18.72 £ 0.49

711.22 £52.11°

46.75 + 1.12°

The values reported herein are the mean values of three experiments each carried in triplicate.
a (p < 0.05), b (p < 0.01). Data are mean = S.D.




Nuclear morphologic features Fig.3A), while treatment with HKBA
resulted in nuclear condensation
and formation of apoptotic bodies (
Fig.3C, D). Camptothecin (_Fig.3B),
taken as a positive control also
indicated condensation both in
cytoplasm and nuclei. The
morphological changes were
accompanied by increase in number
of scattered apoptotic bodies. Flow
cytometric estimation of HKBA
induced apoptosis and necrosis

HKBA influences the nuclear
morphology and leads to the
formation of apoptotic bodies in
HL-60 cells. Cells (2 < 10°2 ml/6
well plate) were treated with 1 and
5 pg/ml of HKBA for 18 h, stained
with DAPI and visualized for
nuclear morphology and apoptotic
bodies using fluorescence
microscope. Nuclei of untreated
cells appeared round in shape (

A) Untreated cells B) Camptothecin 5 pM

C)HKBA 1 pg/ml, 24 h D) HKBA 5 pg/ml, 24 h




AV Untreated cells | J000%)

B) Untreated cells (S000%)

C) Untreated cells {10,000 )

The Annexin V-FITC (stain
phosphatidylserine
residues)/propidium iodide (stain
DNA) dual staining assay was used
to detect apoptotic cells. Positive
staining with Annexin V-FITC
correlates with loss of membrane
polarity, and the complete loss of
membrane integrity leads to
apoptosis or necrosis. In contrast,
propidium iodide can only enter

[D)HEBA 5 pg/mi (4000%)

E)HKBA 5 pgiml (8000x%)

Fig. 4.

cells after loss of membrane
integrity. Thus dual staining with
Annexin V and PI allows clear
discrimination between unaffected
cells, early apoptotic cells and late
apoptotic cells. After HKBA
treatment, the cells were analyzed
by flowcytometer. The results
showed that, the basal apoptotic
population in the untreated culture
was 3.5%. After treatment with 5

F') nxcra = pgimi ¢ 1ooom)

and10 pg/ml of HKBA for 24 h, the
apoptotic cell population was found to
be to about 80.78% and 73.44%
respectively, the necrotic population at
the respective concentrations was
found to be 19.22% and 26.56%.
Camptothecin, used as a positive
control, produced about 93.78%
apoptotic population during the same
exposure period (_Fig.5).




A) Untreated Cells B) Camptothecin 5 pM

wn° w' w* w? w'

C)HEBA 5 pg/ml D) HKBA 10 pg/ml

wi w?
Fig. 5.

Effect of HKBA on induction of DNA which reveals the A) Untreated cells
DNA double-strand breaks in HL- actual DNA damage was
60 cells found to be 51.78% and

Comet assay under neutral 66.58% at the respective

electrophoresis conditions was concentrations. The Olive

performed to examine nuclear Tail movement was 6.06%

DNA integrities, so that DNA and 9.56% and Tail length By Camptothecin 5 pM
double-strand breaks could be 18.33% and 36.21%

detected. DNA strand breakages in ~ 'espectively (Table2).

HL-60 cells were analyzed after According to the literature (

exposure to 5 and10 pg/ml of [Shao et al., 1998] and

HKBA for 24 h. The image ( Fig.6)  Lvasuharaetal., 2003]), a

of representative nuclei after cell containing more than C) HKBA 10 pg/ml
electrophoresis of HKBA (10 50% of the total DNA in the

ug/ml) treated cells showed comet tz?ul is defined as an

formation of typical comets, with apoptotic cell.

Head DNA of 68.22% and 23.42%  Comet assay analysis of

at 5 and 10 pg/ml respectively. Tail HKBA treated HL-60 cells

Table 2. The single cell gel electrophoresis of HKBA.

Head DNA Tail DNA Olive Tail Tail length
movement

Untreated Cells 90.91+£0.011 | 9.09+0.031 |0.501+0.04 |1.34+0.011

Camptothecin 5 uM| 60.06 £0.02 | 39.94 + 0.015 | 8.84 +0.022 | 35.13 +0.042
HKBA5 pg/ml 68.22+0.02 | 51.78 £0.031 | 6.06 £ 0.011 | 18.33 +0.021
HKBA 10 pg/ml 2342 +0.04 | 66.58 +£0.033 | 12.33 £0.042 | 36.21 + 0.036




after 24 h of incubation revealed a
head DNA of 68.22% and 23.42%,
Tail DNA of 51.78% and 66.58%
at 5 and 10 pg/ml respectively
which signifies the DNA damage.
The Olive Tail movement was
6.06% and 12.33% while a Tall
length of 18.33% and 36.21% was
observed at the respective
concentrations. Camptothecin
taken as a positive control revealed
a Head DNA of 60.06% and a tail
DNA of 39.94%. Data are mean

IU'ntreated

S.D. from three similar experiments

Effect of HKBA on cell cycle
distribution in HL-60 cells

An effective strategy to inhibit tumor
growth is deregulated cell cycle
progression in cancer cells. Effects of
HKBA on cell cycle progression in
HL-60 cells were then examined.
Cells were treated with test
compound at a dosage of 1, 5, and
10 pg/ml for 24 h and Fluorescence
Activated Cell Sorting (FACS)

analysis was followed. The DNA
histogram showed that HKBA induced
dose dependent increase in hypo
diploid sub-G1 DNA fraction (< 2n
DNA) (_Fig.7). The sub-G1 DNA
fraction was 3.76% in untreated cells
however after treatment with test
compound (10 pg/ml) it increased to
about 88.13% (_Table3). Further,
HKBA was found to arrest the G,/M
phase of cell cycle.
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Table 3. The cell cycle phase distribution of HKBA in HL-60 cells.

Sample

Sub G;%/(apoptotic)

Untreated

cells 3.76%

Camptothecin 5 uM

56.08

HKBA 1 pg/ml

3.0%

HKBA5 pg/ml

74.33%

HKBA 10

pg/ml 88.13%




Loss of
mitochondrial A) Untreated Cells B) Camptothecin 5 pM
membrane 1
potential by
HKBA

After rhodamine-
123 incubation
the fluorescent
intensity, an
indicator for
mitochondrial
membrane 10° 10?
potential was
reduced from C) HKBA 5 pg/ml D)) HKBA 10 pg/ml
93.60% to
0.26% in HKBA
(20 pg/ml)
treated cells for
24 h, consistent
with the results
that HL-60 cell
apoptosis
occurred 24 h .

after treatment 0 10
with HKBA at
the same E) HKBA 20 pg/ml
concentration (
Fig.8).

HKBA
stimulates
caspase
activities in
HL-60 cells

HL-60 cells were )
exposed to Fig. 8.
HKBA and

evaluated for caspase-3 and -9
activities. The test compound
predominately induced a dose and
time dependant increase in

caspase-3 and -9 activities in HL-60  findings amply demonstrate the role of
cells, registering a ten-fold increase caspase-9 activation in up regulating
at the highest concentration of downstream events leading to

HKBA used (_Fig.9). In the light of caspase-3 activation ( [Craen et al.,
HKBA induction of apoptosis these 1999] and [Slee et al., 1999]).
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HKBA
induces
release of
cytochrome
¢ from
mitochondri
a and
Cleavage of

B -Actin

HKEA (pg/ml) ] 5
Cytosolic Cytochrome ¢
Mitoc hondrial Cyviochrome e

Fig. 10.
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PARP in
HL-60 cells

HKBA induced loss of
mitochondrial membrane potential
in HL-60 cells was found to induce
the release of cytochrome ¢ from

activity of topoisomerases | and I,
at lower concentration of 10 pg/ml (
Fig.11). The inhibitory activity of
HKBA was compared with the
reference molecules camptothecin
and etoposide for topoisomerase |

than BKBA and previously reported
PKBA as well. These observations
prompted us to carry out detailed
anticancer studies to evaluate the in
vivo antitumor and pro-apoptotic
potential of this newly synthesized

mitochondrion into the
cytosol. The increased
expression of cytochrome ¢
in the cytosol was observed
in a concentration
dependant manner (
Fig.10). In the further
consequence of events the
released cytochrome c
activated caspase-9 which
in turn activates caspase-3.
Caspase-3 as a matter of
fact uses another DNA

repair enzyme, poly (ADP

ribose) polymerase (PARP) as a
substrate and inhibits the repair of
damaged DNA. Therefore a
cleaved product of PARP was
observed in our study (_Fig.10).
These studies thus confirm that the
induction of apoptosis by HKBA
was due to the activation of
intrinsic pathway.

Topoisomerase | and Il
inhibitory assay

Topoisomerases (I and Il) are the
essential enzymes for proliferation
of eukaryotic cells ( [Nakagawa et
al., 2006] and [Osheroff et al.,
1983]). Drugs that target
topoisomerases are among the
most effective anticancer drugs. In
our previous studies we found that
PKBA inhibited the enzymatic
activity of both the topoisomerases
I 'and Il at 20 pg/ml. The present
study showed that HKBA was also
able to inhibit the enzymatic

and Il respectively.

Discussion

Our previous data had shown that
propionyloxy-11-keto-f-boswellic
acid (PKBA) induced apoptosis in
HL-60 cells at lower concentrations
than the naturally existing acetyl-11-
keto-B-boswellic acid (AKBA)
(Chashoo et al., 2011). Since the
earlier data revealed the importance
of an acyl group at the 3-a-hydroxy
position on the anticancer potential
of KBA, it was therefore envisaged
that novel analogs of KBA with
increasing acyl chain length at 3-o-
hydroxy position will be synthesized
and subjected to anticancer studies.
In this communication, butyryloxy
(BKBA) and hexanoyloxy (HKBA)

derivatives of KBA were synthesized.

The antiproliferative potential of
these analogs was evaluated in
human leukemia HL-60 and MOLT-
4 cell lines and it was observed that
HKBA showed lower IC,, values

analog. The in vivo anticancer studies
of HKBA were performed in ascitic
(EAC) and solid (EAT and S-180)
murine tumor models. The results
obtained revealed, a low dose anti-
tumoral activity of HKBA than the
previously synthesized PKBA
(Chashoo et al., 2011) against all the
three tumor models used in the study,
signifying its pre-clinical importance.
The pro-apoptotic effect of HKBA was
demonstrated by various hallmarks
including DNA fragmentation,
apoptotic body's formation and
Annexin-V binding in human leukemia
HL-60 cells. It was also observed that
HKBA treatment arrested cancer cells
at the G,/M phase and showed
significant increment in the Sub G,
phase of the cell cycle. The literature
precedent and the kinetic data
available have indicated that
mitochondrion undergoes major
changes in membrane integrity before
classical signs of apoptosis become
manifest (Gruber et al., 2004). It is




widely accepted that the alterations
of mitochondrial function, such as
breakdown of the mitochondrial
transmembrane potential (Wm) and
release of proapoptotic cytochrome
¢, constitute key events of the
mitochondrial apoptosis signaling
cascade (Susin et al., 1998). In the
current study, HKBA was found to
induce changes in the
mitochondrial transmembrane
potential which was found to be
associated with the release of
cytochrome ¢ from mitochondria
into the cytosol. The released
cytochrome c from the
mitochondrion resulted in the
upregulation of the initiator
caspase-9 which in turn activated
the executioner caspase-3. Once
activated, caspase-3 induced
cleavage of poly (ADP-ribose)
polymerase (PARP) thus prevented
any unwanted repair of the
damaged DNA. Moreover, the
cleavage of PARP is consistent with
DNA fragmentation, which results
in the morphologic and
biochemical features of apoptosis.
These findings therefore indicate
that mitochondrial signaling
pathway participate in the HKBA
induced apoptosis. Although,
boswellic acids have repeatedly
been reported to induce apoptosis
in cancer cells, however, the results
obtained from the current study
demonstrated the low dose
apoptotic potential of a newly
synthesized analog, HKBA. Since
our previous data showed that,
PKBA induced cancer cells to
death by inhibiting the enzymatic
activity of topoisomerases | and I,
HKBA was therefore subjected to
topoisomerase inhibitory studies,
where it was found to inhibit the
catalytic activity of both
topoisomerases | and Il at low
doses. Several reports have
revealed that chemotherapeutic
agents that target topoisomerases |
and Il set in motion a series of
biochemical changes that
culminate in cell death (Bielawski
et al., 2006). These antitumor
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drugs interact with both
topoisomerases | and |l
simultaneously. This mechanism of
action appears to be advantageous,
because selective inhibition of
topoisomerase | has been reported
to increase topoisomerase Il enzyme
activity and vice-versa, which may
be important for the development of
drug resistance. In this regard, a
single compound able to inhibit
both topoisomerase | and Il may
present the advantage of improving
anti topoisomerase activity, with
reduced toxic side effects, with
respect to the combination of two
inhibitors (Salerno et al., 2010).
Although, dual inhibitors
theoretically overcome these
problems, however, some of the
inhibitors like Intoplicin and
XR11576 have been found to be
associated with liver toxicity,
diarrhea, nausea, vomiting and
alopecia ( [De Jonge et al., 2004]
and [Salerno et al., 2010]). Besides
this, the chemopreventive effects of
well known topoisomerase targeting
drugs such as camptothecin and
etoposide have also been found to
be associated with multiple and
severe side effects such as
myelosuppression,
thrombocytopenia, anemia, bone
marrow and gastrointestinal toxicity
(Hartman and Lipp, 2006).
Boswellic acids in contrast to this are
known to have good safety profile
showing no severe side effects (
[Gupta et al., 1997], [Mantle et al.,
2001] and [Safayhi et al., 2000]). In
addition, we reported recently that
PKBA was non-toxic to the normal
cells, the present investigation also
showed that in spite of the increased
anticancer potency at lower doses,
HKBA seems to be selective for
tumor cells, since no apoptosis was
observed in normal cells. In
summary, this paper constitutes the
first instance for the demonstration
of anticancer activity of a newly
synthesized 3-a-hexanoyloxy
derivative of KBA, HKBA. The
above data revealed that, compared
to the previously reported boswellic

acids, HKBA showed a low dose
antiproliferative and pro-apoptotic
potential in human leukemia HL-60
cells. Besides this, a low dose
antitumor potential in ascitic and solid
murine tumor models was also
observed. Keeping all this into
consideration, whether the anticancer
effects HKBA at low doses
characterized here have any clinical
relevance, remains to be determined.
Further, pharmacokinetic studies
should address this problem.

Bakuchiolderivativesas
novelandpotentcytotoxicagen
ts:Areport

Rabiya Majeed, Mallepally V.Reddy,
Praveen K. Chinthakindi, PayareL.
Sangwan, AbidHamid*, Gousia
Chashoo, AjitK. Saxena, Surrinder
Koul

Natural products/molecules derived
from plants have
beenareliablesourceoftherapeuticage
ntsfortheuse
inhumansandthequesttoswellthesenu
mbersgoes unabated.
Apartfromtheuse of
plantderivedmoleculesdirectlyas
drugssuchasvincristine, vinblastine,
reserpine, etoposide, artemisinin;
manyplantderivedscaffolds,
throughtailoringby thechemists, have
resultedin the developmentof someof
themosteffectivedrugse.g. khellinto
sodium chromoglycateananti-
asthmatic drug, papaverineto
verapamilforhypertension, galegine
tometforminfor diabetes. Therefore,
theexploration of plants for
theirpossiblemedicinaluse needsto be
continued. Recently, we carried out a
studyon
bakuchiolthemajorchemicalconstitue
nt of P. corylifolia.
Bakuchiolisreportedascytotoxicto
ward breastcancer with IC50
8.29x103mol/L (MDA-MB-231)and
2.89x105mol/L (T-47D). However,
adetailedinvestigationofthismoleculea
nditsderivatives is still awaited. All
the synthesized derivatives
weretestedat 50




pUMconcentrationfortheirabilitytoin
duce
cytotoxicityinhumancancercellline
sencompassinglung (A-549),
breast (MCF-7), prostate(PC-3),
cervical(HeLa), leukemia (THP-
1), CNS/neuroblastoma (IMR-32),
and ovarian (OVCAR-5) cell lines,
takingmitomycin/ adriamycin/ 5-
FUasthegoldstandard.

Themoleculesthatexhibited=50%i
nhibition werescreenedat
lowerconcentration(30
pM)whichresultedintheidenti?catio
nof 17, 22, and2 as
themostpotentmolecules(Table
2)andthese
werefurthertestedfortheirinhibitory
potentialat
lowerconcentrations(20, 10 and5
KUM).Whilecompound
2showed57%growthinhibitionat
20 pMagainstcoloncancercell line,
17and22 showed inhibitionat 20
HUMagainstallthecancercelllines.Co
mpoundl7displayedinhibitionagai
nstfourcancercelllinesand22against
threecelllinesat10
KUM.Boththecompoundsat5
pUMconcentration,showedinhibitio
nonly againstTHP-1cellline (Table
3). Since
leukemiccelllineswerefoundthe
mostsensitivecellstowardthecytoto

Table 2

xicpotentialof
thesecompounds,thelC,,
valuewasfurthercalculatedattwotim
epoints(48hand24h)onHL-60cells
using MTT assay. Both compounds
17 and 22 showed
concentrationand time dependent
inhibition of cell proliferation
displaying thelC50 values 1.8 uM
and 18 uM for 17 while 2.0 uM
and 16 uM for 22after 48 h and 24
h time incubation respectively
(Figs. 2 and 3).Further experiments
were carried out to verify whether
thecancer cell death induced by the
17 and 22 was apoptotic, as
itbecame increasingly evident that
although the primary
intracellulartargets and the
pharmacological mechanisms of
action ofthe anti-cancer drugs vary
vastly, the drug induced cell killing
is generally mediated by apoptosis.
Compounds 17 and 22 were
observed to be potent apoptosis
inducers, as evidenced from the
measurement of two important
biological end-points of the

apoptosis viz., DNA fragmentation
and increase in sub-GO DNA

fraction. The apoptotic potential of
17 and 22 was confirmed through
induction of DNA fragmentation in
HL-60 cells, which is known as the
hallmark of apoptosis. Compound

17 induced the laddering pattern of
apoptosis at a concentration of 20
UM, and in 22, the laddering pattern
was concentration dependent. The
minimal concentration inducing DNA
fragmentation of 20 pM, which on
extension to 40 uM showed no smear
formation which is a representative of
post apoptotic necrosis (Figs. 4 and
5).

Further extending our study, DNA
cell cycle analysis was performed
using HL-60 cells. Most of the
differentiated cells are arrested in the
G1 phase but in case of cancer cells,
this control is lost and they go on
dividing. Thus, 17 and 22 were
subjected to hypo-diploid sub-GO
DNA fraction (<2nDNA) analysis as
a measure of apoptosis. HL-60 cells
treated with 17 and 22 at 30 uM
concentration showed a considerable
increase in the hypodiploid sub-GO
DNA fraction (<2nDNA), i.e. 68% in
case of 17 and 66% in case of 22 at
24 h treatment, indicating DNA
damage (Figs. 6 and 7). To rule out
whether the compounds have any
effect on the mitochondrial
functioning, mitochondrial
membrane depolarization assay was
performed, both 17 and 22 caused
the disruption of mitochondrial
membrane and subsequent loss of
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Tabile 3

Cytotowic activity” (Zage growth inhibition) of balaschiol derivatives at 20 pM, 10 uM and 5 pM concentration against human cancer cell lines.
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mitochondrial membrane
potential in a concentration
dependent manner. Compound
17 showed almost 54% of
dissipation of mitochondrial

1 g, Adriarmycin -« 1 phL

central role of mitochondria toward
the apoptotic potential of both of
these molecules (Figs. 8 and 9).

membrane potential and 22
showed 55.4%, the untreated
control showed only 6% and cells
treated with camptothecin showed
55.5% (at 5 uM) suggesting the
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PARPcleavageand perturbanceinmitochondrial membranepotentialby3-a-propionyloxy-b-
boswellicacid resultsincancercelldeathandtumorregressioninmurinemodels

Yasrib Qurishi, AbidHamid*, Parduman R Sharma, Zahoor Ahmad Wani, Dilip M Mondhe, Shashank K Singh,
Mohmmad Afzal Zargar, Samar S Andotra, Bhahwal Ali Shah, Subhash C Taneja and Ajit Kumar Saxena

Apoptoticinductionincancercellshas
becomeamajorfocusof
anticancertherapeutics. Inthisregard,
B-boswellicacids, naturallyoccurring
pentacyclictriterpenes,
havedemonstratedantiproliferativea
ndcytotoxiceffects
againstdifferenttypesofcancers.
Surprisingly, notmuch has
beenreportedregardingthechemical
modificationsorpreparationofstructu
ralanalogsofthekeyconstituents of 3-
boswellic acid. Results:

Thecytotoxicitydatarevealedthesensiti
vity
ofvarioushumancancercelllinesofvari
edtissueorigintob-boswellicacid,
which robustlyinducedcellcyclearrest,
DNAfragmentationand
lossofmitochondrial
membranepotential.
MorphologicalstudiesoftheeffectsofP
OBArevealedloss
ofsurfaceprojections,chromatinconde
nsation,apoptoticbody formationand
POBA-mediatedPARP

cleavage.Forinvivotherapeuticexperime
nts,murinetumor
modelsweretreatedwithPOBAandthetre
atmentresultedinasignificantlyhigher
levelofgrowthinhibitionandapoptosiswa
ssignificantlyinduced.Conclusion:
Thesefindingsdemonstratethatacylsubst
ituents/groupsinthemainskeletonof b-
boswellicacidhave
thepotentialtobepotentchemotherapeut
icagents.

A novel parthenin analog exhibits anti-cancer activity: Activation of apoptotic signaling
events through robust NO formation in human leukemia HL-60 cells

Ajay Kumar, Fayaz Malik, Shashi Bhushan, Bhahwal A. Shah, Subhash C. Taneja, Harish C. Pal, Zahoor A. Wani,

Dilip M. Mondhe and Jagdeep Kaur

This study describes the anti-cancer
activity of P19, an analog of
parthenin. P19 induced apoptosis
in HL-60 cells and inhibited cell
proliferation with 48 h IC50 of 3.5
WM. At 10 mg/kg dose, it doubled
the median survival time of L1210
leukemic mice and at 25 mg/kg it
inhibited Ehrlich ascites tumor
growth by 60%. Investigation of the
mechanism of P19 induced
apoptosis in HL-60 cells revealed
that N-acetyl-L-cysteine (NAC) and
s-methylisothiourea (sMIT) could

reverse several molecular events that
lead to cell death by inhibiting nitric
oxide (NO) formation. It selectively
produced massive NO in cells while
guenching the basal ROS levels with
concurrent elevation of GSH. P19
disrupted mitochondrial integrity
leading to cytochrome c release and
caspase-9 activation. P19 also
caused caspase-8 activation by
selectively elevating the expression of
DR4 and DR5. All these events lead
to the activation of caspase-3 leading
to PARP-1 cleavage and DNA

fragmentation. However, knocking
down of AIF by siRNA also suppressed
the apoptosis substantially thus
indicating caspase independent
apoptosis, too. Further, contrary to
enhanced iINOS expression, its
transcription factor, NF-kB (p65) was
cleaved with a simultaneous increase
in cytosolic IkB-alpha. In addition, P19
potently inhibited pro-survival proteins
pPSTAT3 and survivin. The multimodal
pro-apoptotic activity of P19 raises its
potential usefulness as a promising
anti-cancer therapeutic.

2-Anilinonicotinyl linked 2-aminobenzothiazoles and [1,2,4] triazolo[1,5-b] [1,2,4]
benzothiadiazine conjugates as potential mitochondrial apoptotic inducers

Ahmed Kamal, Y.V.V. Srikanth, M. Naseer, Ahmed Khan, Md. Ashraf, M. Kashi Reddy, Farheen Sultana, Tandeep
Kaur, Gousia Chashoo, Nitasha Suri, Irum Sehar, Zahoor A. Wani, Arpita Saxena, Parduman R. Sharma, Shashi
Bhushan, Dilip M. Mondhe and Ajit K. Saxena

A series of N-(2-anilino-pyridyl)
linked 2-amino benzothiazoles
(4a-n) and [1,2,4]triazolo [1,5-b]
benzothiadiazine conjugates (5a—j)
have been designed, synthesized
and evaluated for their
antiproliferative activity. Some of
these compounds (4h-k, 4n, and
5e) have exhibited potent
cytotoxicity speci?cally against
human leukemia HL-60 cell lines
with IC50 values in the range of
0.08-0.70 pM. All these
compounds were tested for their
effects on the cell cycle

perturbations and induction of
apoptosis. Morphological evidences
of apoptosis, including fragmentation
of nuclei and inter nucleosomal DNA
laddering formation were clearly
observed after 24 h exposure to
compound 4i. Flow cytometry
analysis revealed that compound 4i
showed drastic cell cycle
perturbations due to concentration
dependant increase in the sub-GO
region which comprises of both the
apoptotic and debris fraction, thus
implying the extent of cell death.
These compounds trigger the

mitochondrial apoptotic pathway that
results in the loss of mitochondrial
membrane potential through activation
of multiple caspases followed by
activation of caspase-3, and ?nally
cleavage of PARP. Further the
mechanism of cell death was analysed
by ?uorescent microscopic analysis
and also by scanning electron
microscopy. The cytotoxicity of 4i
correlated with induction of apoptosis,
caspases activation and DNA damage
and thus indicating the apoptotic
pathway of anticancer effect of these
compounds.




INSILICO BIOLOGY

Molecular modeling studies on IGF 1R “Insulin Like Growth Factor 1Receptor” for the
identification of its inhibitors.

Priya Mahajan, Amit Nargotra, Sravan Kumar, Rammohan, Parvinder Pal Singh, Sangpal Sawant, Anindya
Goswamiand Ram Vishwakarma.

In order to identify novel inhibitors structures

of IGF 1R, a total of 17 3D crystal showing better
structure of IGF1R were affinity (than
downloaded and based on the standard)
resolution and location of co- towards IGER1
crystalised ligand, PDB ID 20J9 were identified.
bound with Benzimidazole These

Inhibitor (BMI) was selected for compounds
docking studies. The identification
of structures inhibiting IGFR1 was
carried out using the following two
approaches:-

have been
submitted for
wet lab
bioevaluation
i. Virtual modification of a studies.
selected ligand (scaffold from
Medicinal Chemistry Division)
was carried out involving the
docking studies on
20J9. Five
molecules with better
affinity than the
selected molecule
were shortlisted and
have been proposed
for their synthesis.

Molecular docking
studies of the drug

like compound

library (20,000 nos)
was carried out on

the 3D crystal
structure of IGFR1
(PDB ID 20J9), for
identification of
potent hits. In total, 26

Figure 2.Hot spots or clefts (C1, C2 & C3) within the binding pocket of CDK2

5.2 Fragment based studies on designing CDK2 inhibitors

Priya Mahajan, Amit Nargotra, Rammohan, Laksma Reddy, Umed Singh, Sudhakar, Parvinder Pal Singh,
Sangpal Sawant and Ram Vishwakarma.

The availability of the large out wherein the co-crysalised of CDK2 were identified (figure 2) and
number of 3D crystal structures of ligands (of all the available crystal the fragement library was docked onto
CDK2 co-crystalised with more structures) were splitted into several these clefts. The good scoring

than 150 different ligands makes it~ fragments and incorporated into the  fragments were linked and several
very attractive target from fragment library of Schrodinger virtual compounds with better affinity
informatics point of view. software, thereby enriching the towards CDK2 were identified. Further
Therefore, in order to identify a existing fragment library. Using FT- analysis to design specific CDK2
potent CDK2 inhibitors, fragment Map server, several different clefts inhibitors using rational drug

based studies have been carried (hot spots) within the binding pocket  discovery approach is in progress.
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5.3 Pharmacophore modeling of RV1258c inhibitors

Rukmankesh, Amit Nargotra, Inshad Ali Khan, Surrinder Koul. Figure 3.A general 4-point pharmacophore
obtained for all the active compounds against Rv1258c

The activity data of several
molecules (from 1lIM repository)
known to possess Rv1258c
inhibitory activity through wet lab
results were used for developing a
pharmacophore model for
Rv1258c inhibitory activity. Three
different models viz., 3-point, 4-
point and 5-point pharmacophore
models were developed. Finally, a
four point pharmacophore model
(as shown in figure 3) that covered
the maximum number of
molecules, in the training set, was
generated. This model would be

useful for
filtering
potent
inhibitors of
the said
target, from
several
compound
libraries,
which would
be useful
towards the
identification

Figure 3.A general 4-point pharmacophore obtained for all the
active compounds against Rv1258c

of efficacy enhancers for Anti-TB
drug.

Development of Institutional repository database comprising of Natural products,
Procured drug like compound library, synthetic and semi-synthetic compounds (in-
house) with sub-structural search facility.

Monika Gupta, Amit Nargotra, Naresh Satti and Ram Vishwakarma.

For any drug discovery
programme, a repository of
compounds is very essential. In
order to develop such a platform, a
web-enabled database with sub-
structural search facility has been
developed for the existing drug like

compound library (procured from
Chembridge), natural products,
synthetic and semi-synthetic
compounds preparedwithin the
Institute. This database is regularly
updated. It also provides
information about the latest entries

as well as the number of compounds,
including their structures, submitted by
each depositor. It also describes about
the targets for which the compound is
being screened at present.

5.5 Enhancement of the drug like compound library of the Institute

Amit Nargotra, Parvinder Pal Singhand Ram Vishwakarma.

Earlier, the procured drug like
compound library of the Institute
comprised of 20,000 compounds
from Chembridge, which now has
been enhanced to 50,000 after an
addition of 30,000 compounds
from ChemDiv Inc. The selection
of compounds from ChemDiv was

based upon the stringent medicinal
chemistry filters such as removal of
undesirable reactive groups,
suspicious chemotype and several
drug-like physicochemical criteria
applied on a library of more than 8
lakh compounds from ChemDiv.
The selected compounds were

further reduced by removing the
duplicates/similar scaffolds from the
existing library of 20,000 compounds.
As a result the Institutional drug like
compounds now contains a diverse
set of 50,000 compounds.




NATURAL PRODUCT CHEMISTRY (PLANTS)

Bakuchiol derivatives as novel and potent cytotoxic agents: A report

Rabiya Majeed, M.V. Reddy, Praveen K. Chinthakindi, Payare L. Sangwan, Abid Hamid, Gousia Chashoo,
Ajit K. Saxena, S.N. Sharma and Surrinder Koul

In our earlier studies on one of the
major chemical constituent of
Psoraleacorylifolia, namely
bakuchiol (1), the moderate
antibacterial activity of bakuchiol,
for oral anti-pathogenic activity,
was successfully modulated
through modification on the
molecule, and eight fold reduction
in MIC against several strains of
Gram +ve and Gram -ve bacteria
achieved.

Bakuchiol which comprise of styryl
moiety in conjunction with a
monoterpene (the two together
known as meroterpene) has been
modulated through phenolic group
(2-10), substitution in the aryl part

(11-13,28) and isopropylidene
group (15-16),and in the
monoterpene part (13-27, the
styryl derivatives 18-27 prepared
by Heck coupling reaction on
ethenyl group of bakuchiol. All the
compounds 2-27 (Fig. 1) thus
preparedwere taken up for
bioevaluation study against several
human cancer cell lines. Initially the
derivatives were screened at 50uM
concentration for their ability to
induce cytotoxicity in a panel of
human cancer cell lines
encompassing lung(A-549),
breast(MCF-7), prostate(PC-
3),cervical (HeLa), leukemia(THP-
1), CNS/neuroblastoma(IMR-32),

and ovarian (OVCAR-5) cancer cell
lines (Tablel), taking
Mitomycin/Adriamycin/5-FU as the
gold standard.

In comparison to the parent molecule
bakuchiol 1, which showed growth
inhibition in the range of 55-74%
against these cell lines, the acetyl
derivative 2 showed better inhibition
profile (63-82% growth inhibition),
and the rest of the homologs (3-9)
proved to be far less active, thus, the
elongation of the carbon chain did not
prove to be a good proposition as
seen by the deterrent effect on the
activity.

Derivatisation in the aryl part of 1was

1-10

R=H

R=-COCHs

R= -COCH,CHs

R= -CO(CH2)2CH3

R= -CO(CH2)3CH3

R= 'CO(CH2)4CH3

R= -CO(CH2)6CH3

R= 'CO(CH2)8CH3

R= 'CO(CH2)14CH3
0 R=-CHj

POOO~NOUIAWNE

H,CO

2
R= OCH2CH2CH3

Fig. 1.Structures of Bakuchiol (1) and its analogs (2-28).




carried out to get nitro (11), amino
group (12), mono and dihalo
derivatives (13, 28,and),and
saturated derivative (14) of
bakuchiol and these synthetic
analogs displayed lower
cytotoxicity than the parent
moleculel. Modification in the
monoterpene part of 1to get
derivatives15,16alsodid not help
in theenhancement of cytotoxic
effect. However, 17, a 1,2,3-
trisubstituted cyclopentane
derivative obtained as an abnormal
oxymercuration-demercuration
reaction product of bakuchiol
(characterized by spectral
analysis),displayed excellent
activity profile against leukemia
and significant cytotoxicity against
all other cell lines under study with
68-93%age growth
inhibition.Among the group of
bisstyryl derivatives (18-27),
compounds 18, 19, 22, &
25proved significant but showed
different levels of cytotoxicity which
were related to the nature and
position of the substituent in the
two aryl moieties. The rest of the
compounds showed poor activity
profiles. It is worth to mention here
that limited information is
available, related to the cytotoxicity
of bisstryryl derivatives.

From SAR point of view, the
presence of more than one
substituent, in either styryl moiety
of the bisstyryls, resulted in the
display of low activity (20,
25&26), so did compound 24,
having fluoro radical as the
substituent, and compound 25
withNH, as the substituent
(replacing OH group). The racemic
compounds 21&27 bearing 4 and
4'-OH groups or 4, and 4' -OMe
groups in aryl moieties also
showed low inhibitory activity.
However, interesting results were
observed for two enantiomeric
compounds 19 and 22 with S-
isomer displaying far better activity
than the R-isomer. While 19(R-
isomer) showed 50-55 percentage

growth inhibition only, its antipode
(22) displayed far higher inhibitory
effect (68-93% inhibition) against all
the cancer cell lines across the board
(Table 1), the exhibition of different
levels of activity and toxicity
associated with enantiomers is well
known phenomena.

Tablel

Cytotoxic activity” (%age growth
inhibition)exhibited by Bakuchiol
and its derivatives at 50uM
concentration against various
human cancer cell lines.

triplicate at the concentration of
50uM. “Concentration of 5-FU =
20uM, Mitomycin= 1uM, Adriamycin
= 1uM.

The IC,, value for the three potent
cytotoxic compounds 2, 17 and 22
was calculated by non-linear
regression analysis using Graph Pad
Software (2236 Avenida de la Playa
La Jolla, CA 92037, USA). The
analogs displayed low IC,, values
(<25-2.0 pM) against all the cancer
cell lines (Table 4). Since THP-1 was
found to be the most sensitive cells

Breast
MCF-7

Compounds Lung

A-549 PC-3

Prostate Ovary

CNS
IMR-32

Leukemia
THP-1

Cervical

OVCAR-5 HelLa

1 631
2 7512
9 2412
11 4942
17 81+2
22 792 702
5-Fu” - 78+2
Mitomycin® - -
Adriamycin®  88+3

63+2
753
61+3
52+1
762

58+1
67+2
62+3
52+3
86+2
93+1
761
70+1
761 -

66+1
721
64+2
55+2
751
68+1 69+2 7842 88+2
753 792 71+3 88+3

5843
74+3
54+1
50+3
88+3

55+1
63+1
51+2
49+1
68+1

742
82+1
62+2
5543
93+2

Adriamycin = 1uM.

“Results are Mean=SD of three separate experiments, conducted in triplicate at the
concentration of 50uM. “Concentration of 5-FU = 20uM, Mitomycin= 1uM,

Further, the molecules that exhibited
>50% inhibition at 50 uM
concentration were screened at
lower concentrations i.e. 30 uM,
20,10 and 5 pM so as to identify the
best candidates for detailed
biological studies.This resulted in
the identification of 17 and 22 as
the most potent molecules followed
by 2. Compound 2 showed upto
57% growth inhibition at 20uM
against colon cancer cell line only,
while 17&22 showed inhibition at
20uM against all the cell lines across
the board. Compound 17 displayed
inhibition against four cancer cell
lines at 10 uM, and at
5puMconcentration only against one
cell line (THP-1). Compound 22
displayed inhibition against three
out of eight cancer cell lines at 10
MM concentration while at 5pM
concentration; it showed inhibition
only against THP-1 cell line (Table
2).

Results are Mean=SD of three
separate experiments, conducted in

towards the cytotoxic potential of
these compounds, the IC,, value was
further calculated at two time points
(48 h and 24 h) on HL-60 cells by
MTT assay. Both the compound 17
and 22 showed concentration and
time dependent inhibition of cell
proliferation displaying the IC,,values
1.8 uM and 18 pM for 17 while 2.0
MM and 16 pM for 22 after 48 h and
24 h time incubation respectively.
Further experiments were carried out
to verify whether the cancer cell death
induced by the 17 and 22 was
apoptotic, and these were observed
to be potent apoptosis inducers, as
evidenced from the measurement of
two important biological end-points of
the apoptosis viz., DNA fragmentation
and increase in sub-GO DNA fraction.
The apoptotic potential of 17&22
was confirmed through induction of
DNA fragmentation in HL-60 cells,
which is known as the hallmark of
apoptosis (Fig. 2 &3).

(1x10°/mL) in culture were treated
with indicated conc. of 17 for 24 h.




Table 2

Cytotoxic activity (%age growth inhibition)of Bakuchiol derivatives at 20uM, 10uM and 5uM concentration against

human cancer cell lines.

Compounds

Breast
MCF-7

Liver
HEP-
2

Prostrat CNS Colon
e IMR-  HCT-
PC-3 32 15

20 4442
10 31+2
5 15+2
20 50+2
10 32+1
5 27+2
503
10 371
5 24+1

22 20

5-Fu” 20 -

Mitomycin® 1 -
Adriyamycin® 1

462
30+1
14+3
50+1
3443
172
58+4
461
23+1

78%3

91+1 -

48+3
34+2
27+2
62+2
50+1
46+1
40+3
32+1
23+2 13+1  28%3
753 83+2 63%1

57+2
46+1
31+2
63+3
553
2913
61+3
50+2

45+3
32+1
21+2
57+2
35+2
24+4
58+2
41+1

Table 3

IC,, values of selected compounds (2,17,22)against various human cancer cell lines.

Tissue Leukemia

Type
Cell Lines

THP-1 HL-60 DU-  PC-

Prostate Liver

HEP-2
145 3

Breast

Lung

MCF-7 A-549

Compounds IC,, in pM
S

17 3.5%1.
1

22 4.2+1.
3

2 18+2

ND= not determined

Cells were stained with Pl to
determine DNA fluorescence and
cell cycle phase distribution by flow
cytometry. Fraction of cells for
hypo diploid (sub-GO, < 2n DNA)
population indicative of DNA
damage was analyzed and shown

as (%). Data are representative of
one of two similar experiments.

Fig. 3.HL-60 cells (1x10°/mL) in
culture were treated with indicated
conc. of 22 for 24 h time period.
Cells were stained with Pl to
determine DNA fluorescence and

cell cycle phase distribution by flow
cytometry. Fraction of cells for hypo
diploid (sub-GO, < 2n DNA)
population indicative of DNA damage
was analyzed and shown as (%). Data
are representative of one of two
similar experiments.
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(Fig. 4& 5).Compound 17
showed —54% of dissipation of
mitochondrial membrane potential
and 22 showed 55.4%, the
untreated control showed only 6%
and cells treated with camptothecin
showed 55.5% (at 5uM) suggesting
the central role of mitochondria
towards the apoptotic potential of
both of these molecules.

Fig. 4.Compoundl17induced loss

at different conc. in 6 well plates for
24 h. Before 1 h of the completion
of the experiment cells were treated
with Rodamine-123 (5 uM). Cells
were washed with PBS and
centrifuged and finally dissolved in
1ml of PBS and analyzed. Data are
representative of one of two similar
experiments.

Fig. 5. Compound 22induced loss
of mitochondrial membrane

plate for 24 h. Before 1 h of the
completion of the experiment cells
were treated with Rodamine-123
(5uM). Cells were washed with PBS
and centrifuged and finally dissolved
in 1ml of PBS and analyzed on flow
cytometer. Data are representative of
one of two similar experiments.

The studies provide the possibility of
exploiting bakuchiol based
compounds for the development of
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Simultaneous quantification of five marker compounds of Betula utilis stem bark
using a validated HPTLC method

Imran Khan, Payare L. Sangwan, Jagdish Kumar Dhar and Surrinder Koul

Betula utilis D. Don (family
Betulaceae),commonly known as
Bhojpatra-an important medicinal
plant is widely used in Ayurveda
and Unani system of medicine, in
the treatment of various ailments
and diseases such as wound
healing, skin disinfectant,
bronchitis, convulsions, leprosy
and diseases of the blood and the
ear. To date, only few analytical
methods have been reported for
the analysis of the various bioactive
ingredients in the birch bark,
including betulin, betulinic acid by
HPLC and GC-MS.However, the
literature shows no report till date

about the simultaneous separation
of betulin (1), lupeol (2), oleanolic
acid (3), oleanolic acid-3-acetate (4)
and -sitosterol (5) as well as their
validated quantitative analysis by
HPTLC method. HPTLC
methodology workable at
microgram and nanogram scale
requires far less solvent
consumption than the HPLC
method and has also the advantage
of reduction of the run time, cost of
analysis. We developed a validated
analytical procedure for the
simultaneous quantification of
isolated marker compounds 1-5
(Fig. 1) from Betula utilis stem bark

extract using HPTLC method. Various
validation aspects of the analysis like
as linearity, specificity, recovery,
precision, and robustness, limit of
detection (LOD) and limit of
guantitation (LOQ) have been
measured.

The chromatographic conditions were
optimized to obtain chromatograms
with a good resolution of adjacent
peaks. The n-hexane: ethyl acetate
(8:2 viv) system afforded the best
separation with distinct Rdifference
and a successful base line separation
of the marker compounds 1-5 (Fig. 2.
Segment A) was achieved.The mean




Fig. 1.Structure of marker compounds isolated and quantified in stem bark of Betula utilis:Betulin (1),Lupeol (2),0leanoclic
acid (3), Oleanolic acid 3-acetate, (4), B-Sitosterol (5).

R, determined for the standards for
marker compounds was as follows:
betulin 0.31+0.02, lupeol
0.62+0.02, oleanolic acid
0.24+0.01, oleanolic acid-3-
acetate 0.51+0.03, and -sitosterol
0.42+0.02 respectively. The
experimental conditions, such as
mobile phase composition, scan
mode, scan speed and wavelength
of detection were optimized to
provide accurate and precise
results. The developed
chromatograms produced
compact, flat and dark bands of

A

reference standards when viewed
under UV 254 nm, 366 nm and
white light after the post
chromatographic derivatization.
The relationship between the peak
areas and the amount of standard
applied showed good linearity. For
routine analysis 6-point calibration
curve was used.

Figure 2. Segment A: HPTLC
chromatograms of mixture of
standards (1-5) and Segment (B-

D): Sample extracts of DCM, DCM:

MeOH (1:1) and, MeOH extracts of
Betula utilis. Segment (E-G):

HPTLC spiked chromatograms of
DCM, DCM: MeOH (1:1) and, MeOH
extracts of Betula utilis. Segment (H-
1) Represent HPTLC plate of different
extractsof Betula utilis derivatized by
ceric ammonium sulfate reagent.
Track assignment for HPTLC
plate H and I: 1-4: Betula utilis stem
bark DCM extract, 5-8: Betula utilis
stem bark DCM: MeOH(1:1) extract,
9-12: Betula utilis stem bark MeOH
extract Standard track: Mixture of
betulin, lupeol, oleanolic acid,
oleanolic acid-3-acetate and (-
sitosterol.
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The method validation as per the
guidelines of ICH. The goodness
offit for all standards was found
within the test range of
0.99601-0.99903,and for proving
linearity, six calibration pointswere
analyzed over the range of
100-600 ng/band for the test
samples and repeatability found
<5% for three levels (low, medium,
and high) of the test samples. The
developed method also hadgood
accuracy with extraction recovery
of 95-99%.

Betulin (1, an important bioactive
compound because of its various
therapeutic uses and also for the
fact that it is the precursor of
betulinic acid which is under clinical
trial for anti-HIV activity) was found
as the major constituents of stem
bark of plant Betula utilis (2.88%)
followed by oleanolic acid-3-acetate
(4), lupeol (2), oleanolic acid (3),
and [3- sitosterol (5). The
quantification results of the five
marker compounds in the three
extracts of Betula utilis (% w/w) are

1-5and identificationcarried out by
comparison of R, and their UV spectra
with those obtained under the same
condition after the post
chromatographic derivatization by
ceric ammonium sulfate
reagent.Typical HPTLC
chromatograms of reference
compounds with samples are shown
in Fig. 2.

Quantification of the extracts based on

these marker compounds has shown

betulin as the major constituents with
2.88% natural abundance.

Table 1.Content of marker compounds (1-5) (%w/w) in plant material of Betula utilis stem bark by HPTLC

The molecule has

Marker compounds
extract

Dichloromethane

Dichloromethane:
methanol (1:1)
extract

Methanol
extract

importance for its
therapeutic value being
precursor of betulinic acid

Betulin (1)
Lupeol (2)

2.88+0.05
0.40+0.002

1.36+0.03
0.33+0.002

0.25+0.002
0.01+0.003

an anti-HIV molecule
under clinical study.

Oleanolic acid (3)
Oleanolic acid-3-
acetate (4)
B-sitosterol (5)

0.26+0.001
0.87+0.002

0.19+0.002

0.24+0.004
0.63+0.003

0.15+0.004

0.01+0.001
0.02+0.004

0.008+0.002

HPTLC finger print
developed can be helpful
in rapid analysis of these

Mean= standard deviation (SD, n=3)

phytomolecules in various
herbs/herbal

After the extraction, isolation and
characterization of markers from
the plant material, their
quantitative determination was
carried out. On quantification,

summarized in Table 1.

The developed HPTLC method was

used for the simultaneous

quantification of marker compounds

formulations/plant
products.

6.3. 4-epi-Pimaric acid a potent antibacterial and anti-biofilam agent for oral cavity

pathogens.

F Ali, PL Sangwan, S Koul, A Pandey, S Bani, ST Abdullah, PR Sharma, S Kitchlu and IA Khan

From the ethanol extract of the
macerated roots and aerial part of

characterized as 4-epi-pimaric acid
(1) and the structure of other

the compounds showed antibacterial
activity (at 4 and 16 pg/mi
respectively) with 4-epi-

)7‘R
o

R= Esters/amide

Pimaric acid exhibiting
minimum inhibitory
concentration (MIC) in the
range of 4-16 pg/ml and
minimum bactericidal
concentration (MBC) two- to
four-fold higher than MIC. Its
derivatives,an amide and
an ester were found bearing

Aralia cachemirca, two compounds
were isolated and one

compound (a diterpene) is being
established.On bioevaluation,both

less or no activity.




Natural product chemistry of plants for isolation, characterization of secondary
metabolites and their modification.

Alamgir A. Dar, Samar Singh,Nisar A. Dangroo, Saleem Farooq, Praveen K. Chinthakindi, Imran Khan,
Rajeshwar R. Aleti, Buddh Singh, R K Thappa, Shanker Lal, Sushma Koul, S Kitchlu, S N Sharma, JL Koul, DK

Gupta, PL Sangwan, S Koul

The chemically and
pharmacologically unexplored or
less explored high altitude plants
collected from the different region
of Jammu and Kashmir(Project
MLP4012) were worked up for the
isolation of secondary metabolites
following the NCI extraction
protocol. One of the major activity

plants. Various class of
compoundssuch as xanthones,
flavanoids, steroids and terpenes
(mainly triterpenes and
sesquiterpenes) have been isolated
and characterised. Chemical
modification of abundantly
available major secondary
metabolites is also going on to

Osthol, Betulin, Capsaicin,Citral,
Scoparone, Boswellic acids) on which
modification work is going on are
shown in Fig. 1.

Further, work is also going for
resolution of isolated marker
compounds on high pressure liquid
chromatography (HPLC)/ high

-
~
~

being carried out (includes the
students pursuing their Ph.D in
natural products) in Bioorganic
chemistry division involves the
isolation of the major (and their
chemical modifications) and minor
chemical components from these

6.5.

Saleem Farooq, Payare L. Sangwan, Rajeshwar R. Aleti, PraveenK.

Surrinder Koul

The spiroketal moiety is a key motif
in the plethora of natural
compounds present in plants,
fungi, insect secretions, shellfish
toxin and other living organisms
with promising biological activities
like antibiotics. Synthesis of such
biologically significant cyclic
compounds rely on the elaboration
of polycarbonyl compounds,
among which 1,4-dicarbonyls have
proven particularly useful. Though

develop structure activity
relationship as well as to
enhancement in pharmacological
activity besides having lesser
toxicity or MIC reduction. Some of
the selected molecules (Betulinic
acid, Bakuchiol, Santonin, Piperine,

few methodas are available in the
literaturefor the synthesis of such
functional arrangements, most of
these suffer from drawbacks such as
requirement of a stoichiometric
amount of the Lewis acid, elongated
reaction time, hazardous carbon
monoxide as source for carbonyl
group, and above all expensive and
highly toxic catalysts. Surprisingly,
apart from these valuable strategies
for the generation of y-keto diesters,

pressure thin layer chromatography
(HPTLC) chromatogram. Finger
printing of the extract and fractions
and quantification of their markers
through validated method
development by HPLC/HPTLC.

CuCN catalyzed one pot synthesis of y-keto diesters: dominodouble Michael
addition followed by Nef reaction

Chinthakindi, Mushtag A. Qurishi and

there exists no general one pot
method available for the synthesis of
the said class. Hence, more efficient
and practical alternative methods
using inexpensive and easily available
reagents are warranted. We have
developed one pot synthesis of y-keto
diesters in presence of Cs,CO, through
CuCN catalyzed domino double
Michael reaction followed by Nef
reaction to afford the target products,
achieved in few minutes, with
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moderate to good yields.

The methodology involves the
reaction of ethyl acrylate 1 (1
equiv.) and nitro methane 2 (1
equiv.) in DMSO in presence of
K,CO, (1.1 equiv.) as a base and

amino ester and of 3b to hydroxy
ester). Prolonged reaction time did
not result in any incremental
increase of 3b content even and in
the absence of CuCN, only Michael
reaction product 3a was obtained,
and .

as described earlier, the reaction
conditions were optimized in terms of
solvent, base and temperature
,catalyst selection which resulted in
the improvement in yields, time
minimization, and predominance of
3b over 3ashown in tables 1-2.

1 2

O
K2CO3 CUCN
+ CH3NO
\)J\O/\ 3 2

O,N
DMSO, rt,

CuCN as the catalyst at 20-25 °C
afforded two products (3a and 3b)
(Scheme 1) in disproportionate
ratio (Table 1), which were isolated
in good yields and the products
identified by spectral analysis (‘H
NMR, *C NMR, IR and MS) and
derivatization (reduction of 3a to

Scheme 1 Reaction of ethyl
acrylate and nitro methanein the
absence of the catalyst, the nitro
intermediate failed to afford 3b.In a
bid to switch over the reaction more
predominantly towards the
production of 3b due to its
biological and synthetic importance

Table 1

Reaction of ethyl acrylate and nitro
methane with CuCN as the catalyst at
different temperature in presence of
different bases in DMSO and DCM
solvents.

Ratio? of 3a:3b (combined
isolated % vyields) in solvent

DMSO

DCM

EtsN

Cs,CO3

Pyridine

Piperidine

Pyrrolidine

38:62 (85)
33:67 (87)
27:73 (87)
47:53 (80)
45:55 (85)
39:61 (83)
42:58 (81)
40:60( 85)
34:66 (83)
49:51 (80)
45:55 (85)
38:62 (85)
32:68 (87)
30:70 (89)
22:78 (88)

Exclusive product 3a obtained

(80-83)

Exclusive product 3a obtained

(82-85)

Exclusive product 3a obtained

(82-85)

22:68 (86)
28:72 (90)
25: 75(89)
44:56 (83)
41:69 (86)
32:68 (85)
39:61 (83)
35:65 (86)
30:70 (85)
40:60 (83)
40:60 (86)
32:68 (87)
29:71 (89)
24:76 (90)
16:84 (90)




Table 2

Reaction of ethyl acrylate and nitro
methane in different solvents with
Cs,CO, as the base, and CuCN as
catalyst.

Further reactions were carried out to
validate the feasibility of the

Further optimization study was
carried out using different copper
salt and the best results were methodology using six different
obtained with CuCN catalyst (Table acrylates and subjecting them to react
3). with nitro methane (Scheme 2) and

Ratio® of Isolated
3a:3b Yields® (%)
22:78 88
16:84 90
34:66 86
35:65 86
39:61

Noreaction

No

reaction

No

reaction

S.No. Solvent Temp.
(°O)

30-32
30-32
30-32
30-32
30-32
30-32
30-32

DMSO
DCM
DMF
CH5CN
THF
CH3OH
H,0

Ethylene 30-32
glycol

Table 3

A ratio of products calculated
based on isolated
yields."Combined yield of pure

nitro ethane (Scheme 3) under the
optimized reaction conditions of

Study of different Cu-salts on time, temperature (30-32 C), base

space and yield of the reaction

S.No Ratio of 3a:3b in DCM, with

base
K>C0O3Cs,CO3

catalyst Ratio of 3a:3b in DMSO, with

base
K>C0O3Cs,CO3

CuCN
CuCl
Cul

25:75
31:69
28:72

16:84
26:74
24:76

27:73
36:64
30:70

Cu(CN),
CUC|2
6 CU|2

Reaction time: 0.5 h, Temp: 30-32 °C

Exclusive product 3a obtained
Exclusive product 3a obtained
Exclusive product 3a obtained

isolated products. products of ethyl acrylate and nitro

methane.

(Cs,C0O,), solvent (DCM) using CuCN
as the catalyst.

1 R!=H, R=C,Hs 3a
la R!=H, R =CH,4

1b R =H, R =n-C4Hq
1c R =CHj, R =C,Hg
1d R! =CHs, R =Me

le R =CHjg, R =n-C4Hq

R!=H, R =C,Hs 3b  R!=H,R=C,Hs

3a-l R!=H, R=CH,4 3b-1 R'=H, R=CH,

3a-ll R'=H, R=n-C4Hy  3b-ll R'=H, R =n-C4Hq
3a-1ll R' =CHj, R =C,Hs  3b-lIl R* =CHj, R =C,Hs
3a-lVR'=CH;, R=Me  3b-IV R! =CH3, R =Me
3a-V R!=CHjs, R =n-C4Hg 3b-V R!=CHjs, R =n-C,Hqy

Scheme 2 Reaction of different alkyl acrylates and CH,NO,.




(0]

Rl
1 4
1 R'=H, R=C,Hs
la R!=H, R =CH,4
1b R =H, R =n-C,Hy
1c RY =CHj3, R =C,Hs
1d R! =CH3, R =Me
le R! =CHjg, R =n-C,Hq

VkO,R +CH3CH,NO, _ “UEN

DCM, 1
r, 0.5h CHs R

5a
5a R!=H, R=C,H

5a-1 R!=H, R =CHj

_R
(@)

5

5a-1l R =H, R =n-C,4Hq
5a-1ll Rt =CHg, R =C,Hsg
5a-IV R' =CHjg, R =Me

5a-V R! =CHj, R =n-C4Hg 5b-V R! =CHj, R =n-C4Hq

Scheme 3 Reaction of different alkyl acrylates and nitro ethane

(0]

+ H3CWI\ R
o

O R!
5b
5b R!=H, R =C,Hs

5b-I R =H, R =CHj,
5b-1l R =H, R =n-C4Hq
5b-Ill R* =CHg, R =C,Hs
5b-IV R! =CH3, R =Me

The reactions proceeded smoothly =>99%, confirmed by spectral
with good to excellent overall analysis, entries 3b- 111-V and 5a-

yields and with substituted

111-V). The proton spectrum of

acrylates (Table 4), the desired compound 3b IV on addition of
product was obtained as single CSA [S(+)-1-(9-anthryl)—2,2,2-
entity (diastereoisomeric ratio: triflouro-ethanol] showed fine

splitting of methyl and methine
proton signals (Fig. 1) leading thereby
to conclude that the diastereoisomer is
apparently a racemic mixture rather
than a meso compound. The splitting
pattern of proton signals was also

S.No. Substrate

Reaction with CH3NO,

Reaction with CoHsNO,

3a:3b
Ratio

yield (%)
combined

5a:5b
Ratio

yield (%)
combined

Ethyl
acrylate
Methyl
acrylate
Butyl
acrylate
Methyl
methacrylate
Ethyl
methacrylate
Butyl
methacrylate

16:84

19:79

28:72

2773

29:71

30:70

83-90

80-85

70 -72

69-70

65-70

66-70

22:78

26:74

30:70

25:75

22:68

32:68

85-88

80-83

67-70

67-73

65-68

66-68

Reaction time: 0.5 h, Temp: 30-32 °C




observed for 5a- 1V.
Table 4

Reaction of different alkyl acrylates
with CH,NO, and C,H,NO, in
presence of CUCN catalyst, Cs,CO,
base in DCM.

Figure 1."H NMR specta of 3b- IV
in the absence and presence of
CSA. la: Specta in absence of

CSA and 1d and 1f its expanded
spectra.

Next, we tried to expand the scope
of the reaction on other a,3-
unsaturated systems such as citral,
acrolein, carvone, and
cinnamaldehyde. However, all these
substrates failed to furnish the
desired products. These results lead
to imply that the ester group of the

From mechanistic point of view,
account for the formation of the keto
diester, a plausible mechanism has
been proposed as shown in Scheme
4. The mechanism involves the attack
of the carbanion (:CH,NO,) on the
ethyl acrylate under basic conditions
to give Michael product “x” (a
carbanion) which attacks the second
ethyl acrylate molecule to give 4-nitro
diester (3a). The nitro

Scheme 4 Proposed mechanism

HNO + O

o}

| -HZ
o

—

O=N—OrH

S
o

O O

group of the latter forms
a complex with CuCN
which undergoes
deprotonation of C-4 to
form” y”, followed by
attack of water molecule
to form intermediate “z”
and subsequent
expulsion of HNO
group to result in the
formation of keto diester
3b.

In conclusion, we have
developed a copper
catalyzed one pot
synthesis of y-keto

g diesters using simple
available substrates in

0 desirable yields. The

procedure described is
oﬁ simple and involves
relatively mild reaction
conditions.

O

CSA and 1c and 1le its expanded
spectra. 1b: Specta in presence of

acrylates apparently seems to
contribute for the reaction to click.

Immunomodulatory studies of a bioactive fraction from the fruit of Prunus cerasus in

BALB/c mice

Sheikh Abid, Anamika Khajuria, Qazi Parvaiz, Tabasum Sidig, Aruna Bhatia, Surjeet Singh, Shabir Ahmad,
M.K. Randhawa, N.K. Satti and Prabhu Dutt

In order to evaluate the role of
ethyl acetate fraction (PNRS-
EtOAC) obtained from the Prunus
cerasus fruit in the modulation of
immune responses, detailed studies
were carried out using a panel of in
vivo assays. Oral administration of
PNRS-EtOAC (25-100 mg/kg)

stimulated the IgM and 1gG titre
expressed in the form
ofhemagglutinationantibody (HA)
titre. Further, it elicited a dose
related increase in the delayed type
hyper-sensitivity reaction (DTH)
after 24 and 48 h in BALB/c mice.
Besides augmenting the humoral

and cell mediated immune response,
the concentration of cytokines (IFN-y,
IL-4, and TNF-a) in serum with
respect to T cell interactions, i.e. the
proliferation of lymphocytes were
significantly increased at 50 mg/kg
compared with the control. The results
in these studies demonstrated the

65




Auto-Scaled Chromatogram

Minutes

immunostimulatory effect of compounds was performed at a together in the ratio (chlorogenic
PNRS-EtOACIn a dose-dependent  flow rate of 1.0 mL/min using acid:daidzin:rutin:quercitin: 2:4:3:1)
manner with respect to the mobile phase consisting of 0.05% and were injected in different
macrophage activation possibly TFA in ACN: 0.05% TFA in water concentrations (5 pL, 10 pL,15 yL, 20
expressing the phagocytosis and (gradient). The photodiode array uL, 25 pL). The calibration curve of

Quercetin

OH
HO™  oH

Chlorogenic acid

nitrite production by the detector was set at wavelength of each marker compound in the
enhancement of TNF-a production 340 nm. mixturewas plotted using five levels of
as a mode of action. concentrations and linearity of each

Fig.2.Chromatogram of standard compounds from PNRS-EtOAC.
mixture of four compounds. The The working solutions of allthe
HPLC analysis of the pure marker compounds were mixed

66

Fig.3. Structures of isolated .
J marker compoundwas observed in the

concentration range 48 ug—240 pg for
chlorogenic acid, 320 pg-1600 pg for




sControl
slevamisole
026

0S50

s100

IIIIIIEIIED

.

Doses (mg/kg)

daidzin, 60 pg-300 pg for rutin
and 64 ug-320 ug for quercitin.
The markercompounds in the ethyl
acetate fraction were quantified
using these calibration curves.

Fig. 10. Flow cytometric analysis of
the expression of co-stimulatory
signal molecules in spleen-derived
macrophages. To quantify the
expression of co-stimulatory
molecules, 2><106 macrophages
were stained with FITC-labeled

anti-CD80 (B7-1) and anti-CD86
(B7-2) mAbs. Other conditions were
the same as described in Materials
and methods section. Data
represented by percent CD80/CD86
positive cell populations are
mean=S.E. of six animals. *Pb0.05
and **Pb0.01 compared with
control group determined by one-
way ANOVA (Bonferroni correction
multiple comparison test).

It is clear from this study that PNRS-

EtOAC played an importantrole in the
modulation of the immune response
and thus may haveapplications in
combating various life-threatening
infections. Therefore, it could be a
drug of choice, effective in treating the
diseaseswhere the underlying defect is
a T-cell and B-cell deficiency or
phagocytic dysfunction.




MEDICINAL CHEMISTRY
Cu-Mn spinel oxide catalyzed regio-selective halogenation of phenols and N-
heteroarenes

Parvinder Pal Singh, Thanusha Thatikonda, K. A. Aravinda Kumar, Sanghapal D. Sawant, Baldev Singh, Amit
Kumar Sharma, P. R. Sharma, Deepika Singh and Ram A. Vishwakarma

NXS

X
R
1D8
N
H

X= Cl: 2 examples (7a-b): Regio-selectivity (85-91%)

HO@ 1/2

OH

R >

X =Cl, Br

10% Cu-Mn spinel oxide
ACN, Reflux, 6-8 h R X

X=CI: 11 examples (5a-j and 9a): Regio-selectivity (80-95%)
6 examples (6a-e and 10a): Regio-selectivity (82-95%)

| X
S 20

X=Br:

XN
r3

X=CI: 1 example (8a): Regio-selectivity (92%)

A novel simple, mild chemo-and
regio-selective method has been
developed for the halogenation of
phenols using Cu-Mn spinel oxide
as a catalyst and N-
halosuccinimide as halogenating
agent. In the presence of Cu-Mn
spinel oxide B, EWG- and EDG-
bearing phenols as well as N-
containing heteroarenes viz., indole
and imidazole gave mono-
halogenated product in good to
excellent yields with highest para-
selectivity. The para-substituted
phenol also gave mono-
halogenated product with good
yield and ortho-selectivity. Unlikely
copper catalyzed halogenation of
phenols, present method works

68

well with EWG-bearing phenols and
gave comparatively better yields
and selectivity. The Cu-Mn spinel
catalyst is robust and reused three
times under optimized conditions
without any loss in catalytic activity.
Non-phenolics did not undergo this
transformation.

In summary, a new method for
regio-selective mono
chlorination/bromination of phenols
and N-heteroarenes in the presence
of robust and reusable bimetallic
Cu-Mn spinel oxide catalyst using
simple and inexpensive N-
halosuccinimides as halogenating
agent is established. The present
method is very general and is
applicable to both EDG- and EWG-

bearing phenols. Moreover, in the
present method EWG-bearing phenols
gave comparatively better results in
terms of yield and selectivity. The
present method is also suitable for
various N-heteroarenes such as indole
and imidazole. These transformations
provide regio-selectively for
chlorination and bromination to a
wide array of phenols and N-
heteroarenes. Further exploration for
full scope of these reactions and its
extension to other arenes and
heteroarenes as well as mechanistic
study is underway and will be
reported in due course.




Table 1: Screening of different copper based catalysts for
regio-selective halogenations

Entry Catalyst Qtyb Temp Time Product compositiona(%)
(cC) () s 4-Cl 2-Cl 2,4-DiCl

Cu-Mn (A) 10c 80 10 26 60 3
Cu-Mn(B) 10c 80 10 7 70 12
Cu-Mn(C) 10c 80 10 25 61 3
Cu-Mn(B) 10d 80 10 3 70 21

Cu-Mn(B) 10e 80 08 9 80
Cu-Mn(B) 20e 80 10 24 54
Cu-Mn(B) 5e 80 10 13 68
Cu-Mn(B) 1le 80 10 28 53

- 80 10 20 45
Cu-Mn (B) t 36 33 40 27

- nm 36 35 42 23
cul 10e 80 10 17 43 32

Cu,0 10e 80 10 18 44 34
n Cu(OAc), 10e 80 10 50 25 20 -
o CuCl, 10e 80 10 33 49 13 4

a The products were characterized by GC-MS; bCatalyst wt% equiv w.r.t. phenol.

¢ Reaction condition: Phenol (1 mmol ) and NCS (1 mmol) in ACN.

d Reaction condition: Phenol (1 mmol) and NCS (1.2 mmol) in ACN

e Reaction condition: Phenol (1 mmol) and NCS (0.9 mmol) in ACN.

The number in the product composition denote the position of chlorination w.r.t. -OH group.

S refers to the substrate and Cu-Mn (A) =(Cu:Mn:2:0.25); Cu-Mn (B) = (Cu:Mn:1:0.25); Cu-Mn
(C) =(Cu:Mn:3:0.25)

New method for C-H arylation/alkylation at a-position of cyclic aliphatic ethers by
iron-oxide mediated reaction

Parvinder Pal Singh, Satish Gudup, Hariprasad Aruri, Umed Singh, Srinivas Ambala, Mahipal Yadav, Sanghapal

D. Sawantand Ram A. Vishwakarma
ﬂ
R Ry

o
Mg, I, 0 0 - Limetal
R-X [R-MgX] 1 mol% Fe,03 2 or6or8 1 mol% Fe,O3 [R-Li]

1 3.
R

(@) 1

n=1,2:

Iron oxide mediated C-C bond formation




A new and efficient iron oxide
catalyzed cross-coupling reaction is
established between organometallic
species such as
alkyl/arylmagnesium halides or
organolithium species and o-
hydrogen bearing cyclic
unbranched and branched
aliphatic ethers via activation of

C(sp°)-H. In the presence of 1mol%
of iron oxide, five and six
membered unbranched cyclic ethers
such as tetrahydrofuran and
tetrahydropyran gave good to
excellent yields of cross-coupled
products. Whereas, in case of
branched ether such as 2-
methyltetrahydrofuran, it was

observed that the arylation occured at
both the sides and gave moderate
yields of mixture of regio-isomers.
Among the organometallic species
used, alkyl organometallic reagents
gave less yields as compared to aryl
organometallics. Iron oxide mediated
direct C-C bond formation without
expensive or toxic ligands. In

Mg or Li
Dry THF

X =B, I,Cl

la
M = MgX, Li

Scheme-1: Iron oxide catalyzed cross coupling reaction of organometallic species with THF via activation of a-C(sp*)-H

OH
" K
X M @ OH
R + + +
Z Fe Catalyst O @ O
R R R R
2a 3 4 HO 5

Table 1:-Screening of different iron based catalysts

Entry Catalyst

Catalyst Qty. Temp. Time (h)

Yields (%6)?

2a 3 4

a  Fe(OH)3

FGC|3

FeZO3

F8203

Fe203

FEZO3

F6203a

Fe?_O3

10 mol %

10 mol %

10 mol %

10 mol %

10 mol %

10 mol %

10 mol %

1 mol %

40

10 920

<5

77

85

92

90

Mg, 1,

R
9

R

RlYOYRl

9a:R; =H,
9b: R]_: CH3, R2: CH3

& HPLC vyield.

Scheme 2: Studies towards the cross coupling of arylmagnesium bromide with various acyclic ethers

Rl RZ R]_
0" "R,
10

ﬂ/ \

Q MBI with or Without Fe,04
o)

R2 = CH3




summary, we have discovered a C(sp*)-H bond using Fe,0,. This metallic catalysis. Further studies on
new method for the cross-coupling  Fe,O, catalysed cross coupling the mechanism of this new method as
of organometallic species with reaction is very selective towards well as attempt towards the

cyclic unbranched and branched cyclic ethers. No toxic or/and regioselective/stereoselectivity of this
aliphatic ethersvia activation of o- expensive ligand is required for this reaction are currently underway.

7.3. One pot multicomponent synthesis of medicinally important purine quinazolinone
derivatives

Sanghapal D. Sawant, Mahesuni Srinivas, G. Lakshma Reddy, V. Venkateswar Rao, Parvinder Pal Singh and Ram
A.Vishwakarma

-
(@)
OH .\ @RZ PC|3, mw
Adenine, mW R
—

NH HoN

P

cl

\

We have developed an efficient important purine quinazolinone which are highly isoform selective
one pot synthesis of purine scaffold. Series of compounds are PI3K-0 inhibitors and are presently
quinazolinone derivatives. The prepared by cyclization and under clinical investigation for chronic
present protocol offers microwave condensation reactions using this lymphocytic leukemia.

assisted multiple-component one approach. The compounds are

pot synthetic strategy for the structural analogs of anticancer The present protocol offers an
construction of the medicinally agents IC-87114 and CAL-101, environmentally friendly and

Table 1: Optimization of reaction conditions for synthesis of 5.
Entry | Substrate MW (Watt) Reaction time (min) Product yields® (%): 5

1|3 100 3 45
250 78

3
350 3 >05
450 3 Decomposed product

®Isolated yields

Table 2: Optimization of the reaction conditions for the synthesis of 7 using intermediate compound 5
Entry | Substrate MW (Watt) | Temperature | Reaction time Product yields® (%)
(min) 7a
a. 3 35 8
50°C 38 8

40 7
50 10
52 9
52 10
56 12
58 12

59 13
62 13
64 14
64 13
70 17
80 20
74 17
67 15
69 15
65 14

100 °C

150 °C

50°C

100°C

150 °C

~NOWINO|WNOW|N| Ow|N[O|w| o




~NO|WNO1W| N|o|w

%Isolated yields

efficient microwave assisted procedure involves simple in good yields. The biological
one pot multicomponent protocol and one pot potential of these compounds is
method for the synthesis of conversion under microwave being studied.

biologically important purine irradiation which gives the

quinazolinone derivatives. The  desired purine quinazolinones

Recyclable clay supported Cu (Il) catalyzed tandem one-pot synthesis of l-aryl-1,2,3-
triazoles(Tetrahedron, 2012, 68, 8156-8162).

Shabber Mohammed, Anil K. Padala, Bashir A. Dar, Baldev Singh, B. Sreedhar, Ram A. Vishwakarma and Sandip B.
Bharate

Montmorillonite KSF clay
supported CuO nanoparticles
efficiently catalyzes one-pot Ar—B(OH)
aromatic azidonation of aryl 2

/RaNiN
cu(l)  cu()

boronic acids followed by + NaNj ACN: H,0
regioselective azide-alkyne 1,3- - 15 examples

dipolar cycloaddition (CUAAC) + =R
reaction producing corresponding
1-aryl-1,2,3-triazole derivatives at
room temperature in excellent
yields without use of any additives.
Investigations on mechanism of
CUAAC revealed that sodium azide
which is used as azidonating
reagent in one-pot protocol

reduces Cu(ll) to click-active Cu(l). N Clay—Cu(ll) NaN,
The catalytic efficiency of another Y /\
Cu(ll) source CuSO, in NaNs| Clay—Cu(ll)
combination with NaN, for this R cu=Cla Clay—Cu(l) 3

one-pot CUAAC protocol, further )=< y N3=Ar
supported our mechanism. This is N. N 4

the first report for use of NOA

Cu(ll)/NaN, catalytic system for
CUAAC protocol. The clay-Cu(ll)
catalyst being ligand-free, leaching-
free, easy to synthesize from
inexpensive commercially available
precursors, recyclable and
environmentally friendly will be
highly useful for economical
synthesis of 1,4-disubstituted 1,2,3-
triazoles.

Yield 80-98%




7.5 Total synthesis and anti-cholinesterase activity of marine-derived bis-indole alkaloid
fascaplysin

Sandip B. Bharate, Sudhakar Manda, Prashant Joshi,”* Baljinder Singh and Ram A. Vishwakarma

A short and efficient two-step total (cationic anionic site) at which depicted in figure, lines crossing the x-
synthesis of marine-derived bis- substrates like ACh and ATCh are axis at same point reveal unchanged
indole alkaloid fascaplysin starting hydrolyzed and a peripheral anionic ~ Km and decreased V,, at increasing
inhibitor concentrations. This is a
typical trend for non-competitive

H 10% PdIC (20 mol%) el inhibition and indicates that
AcOH ’ O N4 fascaplysin binds with high affinity to
reflux, 3, 85% N O a site different from the catalytic one.

0 o .
The inhibition rate constant (ki) value
220 gbg/g mi”'J was determined from the replot of
_ slopes of reciprocal plot versus

=+ ¢ inhibitor concentrations (Figure b).
5.

O N The overlay image of the fascaplysin
H o (1) and donepezil docked into the
Fascaplysin AChE active site gorge is shown in

Figure 6. Donepezil (Aricept), a dual-

site binding nanomolar inhibitor of

from commercially available site, which is spatially distinct from AChE, interacts with both catalytic as
tryptamine in 68% overall yield is the active center and where well as peripheral site residues of the
reported. A key step involved in selective inhibitors bind with high gorge, whereas, fascaplysin (1) spans
the present strategy is tandem affinity and specificity. Hydrolysis of ~ only in the peripheral and middle
dehydrative condensation between  ACh (and ATCh) proceeds through portion of the gorge. The overlay

ortho-halo substituted glyoxal with the formation of an acyl-enzyme image (Figure 6) of fascaplysin (1)

tryptamine followed by intermediate, and inhibitors can and donepezil in the AChE active site

dehydrogenation. affect steady-state kinetics by gorge indicates that fascaplysin (1) is
association with the transient acyl- shorter in length and does not reach
intermediate in addition to the free to the catalytic site, as indicated by its
distance of 6.07 A from the key CAS
residue Trp84. Based on docking

Table. In vitro AChE and BuChE inhibitory activity of fascaplysin (1) studies, the Iow_er potency of
Inhibitor ICs0 (LM)? Selectivity fascaplysin (1) in comparison to
AChE? BUCHE® BUChE/ACHE donepezil can be attributed to

Fascaplysin . 9047 + 4.07 60.7 presence of: (a) lower hydrophobic

DonepeZil 0.09 + 0.04 552 + 1.05 61.3 fitting and ?-? stacking interactions;
% Values are mean + SEM of at least three independent measurements. (b) lesser hydrogen bonding
PElectrophorus electricus acetylcholinesterase (eeAChE) interactions; (C) no interaction with a
° Equine serum butyrylcholinesterase (eqBuChE) key catalytic site residue Trp84.

The anti-cholinesterase activity of

N _ fascaplysin (1), we discovered herein,
non-competitive manner with IC,, enzyme and enzyme-substrate can be used as a starting point to

and ki values of 1.49 and 2.28 yM  complex. In order to understand the s cover fascaplysin-based potent anti-
respectively and with 60-fold mechanism of inhibition for cholinesterase compounds which can
selectivity for AChE versus fascaplysin, kinetic studies were emerge as potential anti-Alzheimer's
butyrylcholinesterase. carried out. The type of inhibition agent (s).

was elucidated from the analysis of

Lineweaver-Burk reciprocal plot . As

Fascaplysin inhibited
acetylcholinesterase (AChE) in

AChE possesses an active site




® Control y=0.064%«+ 0.1487
Rt=0.9951
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Figure. Steady-state inhibition of AChE hydrolysis of ATCh by fascaplysin (1). (a)Lineweaver-Burk reciprocal plots of initial velocity and
substrate concentrations (0.05-1 mM) are presented. (b) Estimation of ki for fascaplysin from slope replotversus inhibitor concentration.

Figure.Overlay image of fascaplysin (1) and donepezil in the AChE active site. The green colored ligand is fascaplysin (1) and blue
colored ligand is donepezil.




Tandem One-Pot Synthesis of Flavans by Recyclable Silica-HCIO4 catalyzed Knoevenagel

Condensation and [4+2]-Di

els-Alder Cycloaddition

Sandip B. Bharate, Ramesh Mudududdla, Jaideep B. Bharate, Narsaiah Battini, Satyanarayana
Battula, Rammohan R. Yadav, Baldev Singh and Ram A. Vishwakarma

R1

R
7

Silica-HCIO,
ACN, 80 °C

HO

R,

10

An efficient one-pot multi-
component synthesis of flavans
using perchloric acid supported on
silica as a recyclable heterogeneous
catalyst has been described. This is
the first report of direct one-step
construction of flavan skeleton
from phenolic precursor. The
method involves Knoevenagel-type

[4+2]-Diels-Alder cycloaddition
with styrene to yield flavan skeleton.

Further, the utility of this protocol
was explored for flavonoid
synthesis. An optimized one-pot
protocol for flavone synthesis
directly from phloroglucinols
include, evaporation of ACN after

to formation of flavone in 65% yield.

The formation of flavone 11 via one-
pot protocol from phoroglucinol
precursor 7c¢ involves cascade of 4
reactions namely, Knoevenagel-type
condensation, [4+2] Diels-Alder
cycloaddition, DDQ-mediated
oxidation and DDQ-mediated

(0]
OH

+

(). Silica-HCIO,
(50% wiw)
ACN, 80 °C, 1.5 h
(ii). Dioxane (1% H,0)
DDQ (6 equiv.)

"One-pot"

O OH O

Flavone

condensation leading to in-situ
formation of transient O-quinone
methide which further undergoes

flavan formation followed by
addition of DDQ and dioxane (1%
water) in the same pot, which leads

dehydrogenation. The plausible
mechanism for this one-pot MCR is
depicted below.

H H
Silica-HCIO )
H>:0 4 )=OH
H
I

8 Proto nated
formaldehyde

QH
Cl

DDQH ©
DDQ-mediated dehydrogenation

o]
H
oA \
N

o o O OH

Knoevenagel-type " H

condensation

DDQmed |ated oxidation

B, —

[4+2] Diel's-Alder
Cycloaddition

OOHo
OHO

NC o cl I ca
h HO o_Pm| |0 O Ho
| ~DDQ2H ‘

Cl

NC
DDQ

CN NC CN

DDQH

The method provides easy access to wide range of bio-active natural products viz. flavonoids, anthocyanins and catechins.
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Deformylation of indole and azaindole-3-carboxaldehydes using anthranilamide and
solid acid heterogeneous catalyst via quinazolinone intermediate.

Rammohan R. Yadav, Narsaiah Battini, Ramesh Mudududdla, Jaideep B. Bharate, Nagaraju Muparappu,
Sandip B. Bharate and Ram A. Vishwakarma

The deformylation of indole and
azaindole-3-carboxaldehyde was
achieved in presence of
anthranilamide and a solid acid

methanol and THF was performed
under optimized reaction conditions.
The desired deformylated product
4e was formed in all three solvents
in 20, 55 and 35%

H
2 HN
2a
Amberlyst-15>

ACN, 80°C,1h

CHO

®
N
H

yield respectively.
These results ruled
out the role of CN
nucleophile in the
mechanism. As
depicted in above
figure, we
speculated that
under acidic
environment,
indolic C,-position
gets protonated
resulting in
formation of

A

N

H
a

Amberlyst-15

heterogeneous catalyst under reflux
conditions in 25-90% yield. The
reaction proceeds via
quinazolinone intermediate, which
undergoes acid catalyzed cleavage
to form deformylated product.
Both solid acid catalysts
(amberlyst-15 and silica-HCIO,) are
recyclable and can be reused
several times without significant
loss of activity.

The mechanism of deformylation
of indole aldehydes was then
predicted. It is evident that, the
presence of anthranilamide as well
as acidic condition is essential for
deformylation of indole 3-
carboxaldehydes, and
quinazolinone 3a is the key
intermediate in this process.
Further to unravel the mechanism
of quinazolinone (3a) cleavage,
firstly the possible role of CN
nucleophile (from acetonitrile
solvent) in this process was
investigated. The reaction of 1e
with 2a in presence of silica-HCIO,
in other solvents such as dioxane,

iminium ion
intermediate | with
disrupted aromaticity. Iminium form
of indole is highly unstable; thus the
intermediate | gets cleaved leading
to formation of indole 4a. The
expected side product of this
cleavage, quinazolinone Il was not

cleaved to anthranilamide 2a under
acidic condition as reported earlier.
The indole 4a was formed in good
yield (—80%), however the mass
balance for anthranilamide portion of
3a was not observed, as only 10%
yield of 2a was obtained. The
probable mechanism for cleavage of
quinazolinone intermediate 3a leading
to formation of indole 4a and
anthranilamide 2a is depicted in
below.

In conclusion, we have established a
novel, wide applicability, eco-friendly,
mild conditioned deformylation of
indole and azaindole-3-
carboxaldehydes using reusable
heterogeneous catalysts.
Conceptually, the work described
provides a useful strategy in multi-step
synthetic protocols, wherein an
aldehyde acts as an
activating/directing group and is
subsequently removed or excised.
When this concept has been used
previously the excisable groups were
limited to heteroatom-based systems,
such as

Protonation

\\d
%

Amberlyst-15

Amberlyst-15
H*/ H,0

3D

2a

ofindolicC,

-
Y H
Yoy
+
HN\?N H
I 4a

sulfones or
nitroalkanes.
The
deformylation
strategy we
have described
may have
additional
useful
applications in
indole/azaindol
e based
chemistry.
Furthermore,
present paper
adds the new

detected; however we observed

formation of anthranilamide (2a) in
the reaction mixture. This indicates
that quinazolinone Il can be further

use of
heterogeneous solid acid catalysts
silica-HCIO, and amberlyst-15.




QSAR and pharmacophore modeling of N-acetyl-2-aminobenzothiazole class of
phosphoinositide-3- kinase - inhibitors.

Sandip B. Bharate, Baljinder Singh, Jaideep B. Bharate, Shreyans K. Jain,Samdarshi Meena and Ram A.

Vishwakarma

The mTOR-mediated
PI3K/AKT/mTOR signal
transduction pathway plays key
role in a broad spectrum of
cancers. In the present article,
QSAR and pharmacophore studies
were carried out using a series of
61 benzothiazole class of PI3K?

moment-1-size, kier chiv5 (path)
index and number of H-bond
donors as important descriptors
responsible for PI3K? inhibitory
activity. Further analysis of
pharmacophore model using Phase
module of Schrodinger revealed
that two hydrogen bond acceptors

one of the most active compound is
shown below. orange: hydrophobic
aromatic; pink: H-bond acceptor;
blue: H-bond donor.

These observations provides
important insights to the key structural
requirements of these molecules for

inhibitors to characterize molecular
features and structural
requirements crucial for biological
interaction. QSAR study performed
using TSAR 3.3 by multiple
regression analysis and partial least
square methods identified inertia

(A), one hydrogen bond donor (D)
and two hydrophobic aromatic rings
(R) as crucial molecular features that
predict binding affinity for high
affinity ligands to the PI3K?

enzyme. The best Phase hypothesis
(AADRR.19) superimposed on the

potent PI3K? inhibition. Excellent
statistical results of developed models
strongly suggest that these models are
reasonable for the prediction of the
activity of new inhibitors and in future
drug design.

KF/alumina catalyzed regioselective benzylation and benzoylation using solvent-free

grind-stone chemistry

Shreyans K. Jain, Samdarshi Meena, Baljinder Singh, Jaideep B. Bharate, Prashant Joshi, Varun P. Singh, Ram
A.Vishwakarmaand Sandip B. Bharate

Potassium fluoride-impregnated on
alumina catalyzes solvent-free

such as phase-transfer catalyst or
solvent.

Key features of the protocol include its
efficiency also for solid-solid

regioselective O-benzylation,
benzoylation and
cinnamylation of phenols.
Reaction proceeds simply by
triturating together
equivalent amounts of
phenol and corresponding
halide in presence of 5
mol% of KF/alumina for 5-
20 min in mortor pestle,
without need to any additive

OH O "Solvent-Free"

A
Ar’ Sy

Regioselective oH O

KF/alumina (5 mol%) |

Grinding, rt, 5 min '

Ar = aryl, heteroaryl, cinnamyl

A =CH,, CO
X=Cl, Br
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precursors and regioselectivity for
phenolic hydroxyls versus alcoholic
hydroxyls. Utility of the protocol for
N- and S-benzylation has also
been explored. Representative
examples are shown below.

Products were obtained in excellent
yields and catalyst can be easily
recycled several times without
significant loss of activity. The
catalyst used is easy to prepare
from inexpensive chemicals that
are commonly found in organic
chemistry laboratories, thus this

procedure can be easily adopted in
process chemistry research. Apart
from its green chemistry aspects, this
method is convenient and time-
saving in comparison to routine
reflux reactions. Routine methods of
O- alkylation and acylation such as
NaH/DMF, K,CO,/acetone were
found to be inefficient for O-
benzylation/ benzoylation of
rohitukine. However, KF-alumina
catalyzed grind-stone chemistry led
to completion of reaction within 5
min producing solely mono-

benzylated/ mono-benzoylated
products in excellent yields. Thus,
results obtained clearly indicate
KF/alumina catalyzed solvent-free
regioselective O-benzylation and O-
benzoylation of rohitukine. Results
obtained herein, further guaranties
utility of this protocol for benzylation
of structurally diverse phenols over
alcohols.
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Immobilization of enantioselective lipase on soluble supports for Kinetic resolution
of drug intermediates

Asha Chaubey, S.C. Taneja and R. Parshad, Sarika Deokar, C.R. Rajan and S. Ponrathnam.

An efficient enantioselective lipase
i.e. Arthrobacter sp. Lipase from
[lIM repository (ABL, MTCC 5125)
has been identified as an efficient
enzyme for kinetic resolution of
various drug intermediates with
high enantioselectivity. ABL
immobilization on soluble linear
supports was carried out on
copolymers of N-vinyl pyrrolidone-
allylglycidyl ether (ANP type) and
N-vinyl pyrrolidone-glycidyl
methacrylate (GNP type) by
covalent binding through the
epoxy groups available on the
supports. These polymers have
soluble-insoluble characteristics at
different pH range. Such polymers
are advantageous over insoluble
polymers as the soluble form of
polymer at neutral pH provides
better accessibility of immobilized
enzyme to the insoluble substrates
and can be precipitated at low pH
(pH 2-3) for reuse. Kinetic
resolution of racemic acyl
derivatives of chiral auxiliaries and
drug intermediates viz. phenyl
ethanol, amino alcohol and
fluoxetine intermediate have
shown a significant enhancement
in enantioselectivity up to 99% ee.

Immobilization of ABL on
soluble Polymers :

Copolymers obtained from various

combination of N-vinyl
pyrrolidone(NVP) and allylglycidyl
ether(AGE)/glycidyl
methacrylate(GMA) used in the
present study have reactive epoxy
groups that can directly bind to the
free amino groups of enzyme.
Among all the polymers chosen for
present study, ANP1 and GNP1
polymers were found to have more
binding capacity (100-110 mg/g
support) due to presence of higher
epoxy content as compared to
ANP2, GNP2 with protein binding
of 90-95mg/g support. However, the
protein binding was not found
proportional to the available epoxy
content. Similarly the activities of
immobilized ABL were higher in
ANP1(700U/g) and GNP1(600U/qg)
polymers as compared to ANP2
(600U/g) and GNP2(500U/qg)
polymers. On re-precipitation, there
was no significant change in
immobilized enzyme activity.

Copolymers obtained from various
combination of N-vinyl
pyrrolidone(NVP) and allylglycidyl
ether(AGE)/glycidyl
methacrylate(GMA) used in the
present study have reactive epoxy
groups that can directly bind to the
free amino groups of enzyme.
Among all the polymers chosen for
present study, ANP1 and GNP1
polymers were found to have more

binding capacity (100-110 mg/g
support) due to presence of higher
epoxy content (Table 1) as compared
to ANP2, GNP2 with protein binding
of 90-95mg/g support. However, the
protein binding was not found
proportional to the available epoxy
content. Similarly the activities of
immobilized ABL were higher in
ANP1(700U/g) and GNP1(600U/qg)
polymers as compared to ANP2
(600U/g) and GNP2(500U/g)
polymers. On re-precipitation, there
was no significant change in
immobilized enzyme activity.

Kinetic resolution of drug
intermediates:

All the immobilized ABL soluble
supports were tested for their kinetic
resolution efficacies during hydrolysis
of chiral auxiliary 1-phenyl ethanol
acylates. The results provided
hydrolysed product (R) isomer at 38-
42% conversion with 99%
enantioselectivity after 24h as
compared to wet cell free enzyme
providing only upto 94-95%
enantioselectivity. Resolution of
racemic fluoxetine intermediate
acylates also presented 99% ee at 35-
40% conversion after 24h reaction as
compared to 93-94%ee in case of cell
free enzyme. These results are similar
to those obtained with ABL
immobilized on insoluble

Table I: Immobilized enzyme activity and protein on different soluble polymers

polymers and both types
of polymers provided

Polymer code

Epoxy content
(mol/g)

Immobilized
enzyme activity
(U/g support)

Protein binding
(mg/g support)

hydrolysed product of
liquid substrates with 99%
enantioselectivity.

0.00072

700 100

0.000449 600 95

0.0008753 600

0.0004436 500

Hydrolytic resolution of -
aminoalcohols using ABL
cell free enzyme extract
provided only upto 70%
enantioselectivity (ee). The
rate of reaction and

enantioselectivity
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significantly increased on using
immobilized ABL on soluble
supports providing maximum 99%
enantioselectivity at 43%
conversion in 24h. On further
proceeding of the reaction,
enantioselectivity decreased to
97% at 48% conversion using ANP
type support. Resolution of

Substrate Il using ABL enzyme
immobilized on soluble polymers
improved enantioselectivity up to
99% at 20-22% conversion and 91-
92% ee at 35-49% conversion.

Reversibly soluble-insoluble
immobilized ABL preparations from
copolymers of N-vinyl pyrrolidone-

allylglycidyl ether (ANP type) and N-
vinyl pyrrolidone-glycidyl
methacrylate (GNP type) showed
enhanced stability of the enzyme as
compared to free enzyme and
presented a facile method for the
preparation of enantiopure 1-phenyl
ethanol, fluoxetine intermediate and -
amino alcohols (99%ee) with

Fig2.: pH stability of immobilized ABL on ANP and GNP type water soluble polymers
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enhanced stability. The soluble
immobilized enzyme preparations
presented better reaction rates as

8.2

well as enantioselectivity (99% ee)
for resolution of insoluble substrates,
which was not possible using

Asha Chaubey, C. Raina, S.C. Tanejaand R. Parshad

Biotransformation process for the
production of Sucralose, an
artificial sweetener has been
reported using whole cells and
immobilized whole cells of

reduce calories in a wide variety of
products, including beverages,
baked goods, desserts, dairy
products, canned fruits, syrups.
Sucralose is chemically known as

immobilized enzyme on insoluble
supports.

Bioconversion of sucralose-6-acetate to sucralose using immobilized microbial cells .

as sweetening agent. Sucralose is
being sold under the brand name
Splenda by McNeil Specialty Products
Company, New Brunswick, New
Jersey. About 120 products using

CH.OAc
Ci Q. CHHC

OH O

OH

HO

CH:OH

o cl

OH

Sucralose-6-acetate

O. CH,C 0
0

OH

Sucralose

Arthrobacter sp. and Bacillus
subtilis strains isolated at I1IM,
Jammu, India. Immobilized whole
cells packed bed reactor has shown
much superior biotransformation
process using sucralose-6-acetate
to sucralose in aqueous system
where purification of the final
product is not required. The reactor
was used more than three cycles
much cheaper and less time
consuming.

Sucralose, trichlorogalactosucrose
or 4,1',6'-trichlorogalactosucrose is
known as an artificial sweetener
having 600 times sweetening
ability than sucrose. It is used in
place of sugar to eliminate or

1,6-dichloro-1,6-dideoxy-beta-D-
fructofuranosyl-4-chloro-4-deoxy-
alpha-D-galactopyranoside and has
been derived from sucrose by
replacing the hydroxyl groups in the
4, 1', and 6' positions with chlorine.

First report on sucralose appeared in
1987 by Queens Elizabeth College
in London and Tate & Lyle, a
private company where, chemical
modification of sucrose by selective
replacement of three hydroxy
groups with chlorine atoms was
reported. Canada was the first
country to approve use of sucralose
in foods in 1991 followed by FDA
the United States in 1998. It is now
being used in at least 28 countries

sucralose as a sweetener are in the
U.S. market and other countries are
also using surcalsoe as sweetener in
food products.

Sucralose is generally synthesized by
chemical methods involving five-step
process by selective substitution of
three chlorine atoms for three
hydroxyl groups in the sucrose
molecule. Such methods involve
several purification steps to get pure
sucralose.

We have hydrolysed sucralose-6-
acetate to sucralose enzymatically in a
single step using acyl hydrolase
enzyme from IlIM Jammu, India
microbial isolates; Arthrobacter sp.




and Bacillus subtilis. The
bioconversion of sucralose-6-ester
has been carried out in aqueous
system without pH adjustment or
presence of buffering salts using
free enzyme/cells/immobilized
enzyme/immobilized cells; therefore
the final product does not require
any purification.

Substrate at 10-20g/l was
completely hydrolysed by

entrapped Bacillus subtilis cells in
72-96h. On further increasing the
substrate concentration (50g/l), rate
of reaction was much slower
resulting in 100% biotransformation
in 7 days(168h). Entrapped

microbial cells from Arthrobacter sp.

showed slower reaction rates with
production of pure product in 9
days(216h). The reaction was
terminated by centrifugation and

concentrated under vacuum for
crystallization of product. The product
purity was tested by HPLC, optical
rotation and NMR.

Biotransformation of sucralose-6-
acetate to sucralose in immobilized
whole cells reactor of Bacillus subtilis
(a) and Arthrobacter sp. lipase (b)
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8. 3 Kinetic resolution of (%)-1,4-benzodioxan-2-carboxylic acid:
Asha Chaubey, A. Rouf, S.C. Taneja and R. Parshad

Doxazosin mesylate belongs to
quinazoline group of drugs; it is
used in the treatment of
hypertension and benign prostatic
hyperplasia.Compounds
containing enantiomerically pure
1,4-benzodioxin and 1,4-
benzodioxan structures have
attracted considerable interest in

benzodioxan-2-carboxylic acid, used

as an intermediate for the synthesis
of doxazosin mesylate, have
different biological activities

In order to assess the effect of
immobilized enzyme (ABL), we
performed hydrolytic reactions with
whole cells/entrapped isolated
enzyme and entrapped whole cells.

immobilizing the whole cells and
isolated enzyme. For reuse,
immobilized whole cells/enzyme was
separated from the reaction mixture
by centrifugation and washed well
with solvent/sodium bicarbonate/
distilled water to remove any traces of
substrate/product. The immobilized
enzyme was dried again before
proceeding

(S)

Hydrolysis

C(O jjl\o L.CH3;
(6]

Recimic Ester

1

Lipase - ABL

for next
reaction
cycle.

Using the
immobilized
ABL, both
the

oy

(S) Acid

3 enantiomers
of 1,4-
benzodioxan-

recent years, mainly due to their
significant contribution in
medicinal chemistry and are found
in a variety of biologically active
natural products.Recently, it has
been found that both the
enantiomers of (%)-1,4-
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ABL whole cells and isolated
enzyme were entrapped in sol-gel

supports and dry powder containing

entrapped enzyme/cells was directly
used for resolution studies. It was
found that selectivity as well as
conversion was increased by

2-carboxylicacid (key intermediate in
the

synthesis of doxazosin mesylate), were
obtained with good yields and
excellent enantioselectivity (ee >99%,
E >400).




ENZYMOLOGY AND BIOTRANSFORMATIONS

Evaluation of the Catalase promoter for expressing the alkaline xylanase gene
(alx)in Aspergillus niger

R. Sharma, N. Govindappa, P. S. Shastry and M katoch

Aspergillus niger represents a
promising host for the expression
of recombinant proteins but only a
few expression systems are

available for this organism. In this
study, the inducible catalase
promoter (PcatR) from A. niger was
characterized. For this, constructs

were developed and checked for the
expression of the alkaline xylanase
genetranscriptionally fused underthe
cat R promoter.

Figure 1.Construction of promoter-less xylanse/pAN56-1 vector.hyg, hygromycin resistance marker; AlX, alkaline xylanase gene; ori,
Escherichia coli origin of replication.

ACTAACCEIRQQQCARAACGATGAATAX

w8 CALG GRGO GG

CTGGCATCOGECGATCCTOCC
ZCCCATTAATAACTGAMAGAGCTCCAG

CATGTAGATAA

GAGTGTTTGOGAAM

AVGGCACAGOGCT
TGTACTTTCCGATN

AATCCCTGTGCTAACTCAACGOGEGS
2T TICTTGACCGAGCCCCCCTTGTCACTTGTTGTOSTGATC TTGAGCACAT

GCCTATCAAAGGTCCTG

=18} CTCOCAACAGGAGGGTCOGSE
1% TCAMRTTCTCOATTOCT

=12 ﬁ.’.m‘fj-m.iﬂ? CCCTTG

Figure 2.Sequence of the catR promoter of the Aspergillus niger highlighting the TATA-, CAAT- motifs in gray, heat shock transcription factor
motifs in bold and italics, and cre motifs in bold, highlighted and underlined with double line. Nucleotides are numbered from the putative
translation initiation codon (ATG) indicated as - 1 above.




Figure 3.(a) Restriction digestion of promoter-less xylanase/pAN56-1 vector. (b) Integration of construct in Aspergillus niger
genome and Scheme to confirm the integration of construct in A. niger genome by using the Escherichia coli ori primers
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Figure 4.Effect of different inducers and their concentrations on AlX activity of transformant K6. The AIX activity of the K6 transformant
grown with inducers was compared with K6 transformant grown under non-induction conditions (control 1) and transformant harboring
promoter-less construct (control 2).

Two versions of the catalase (catR)
promotersequence from A.
NIger(P o0 Pess) Were isolated
and tested for their ability to drive
expression of the alkaline xylanase
(alx) gene. P.,.,, showed better
efficiency (more than ten fold
increase in AIX activity compared
toP_,00) UNder the optimized
culture conditions.Induction of the
catR promoter with 0.20 %

84

H,O,and 1.5% CaCO.in the culture
medium, further increased
expression of AlXto 2.61 and 2.20
fold respectively clarifying its
inducible nature. Specific induction
or repression of the catR promoter
provides the possibility for
utilization of this promoter in
heterologous protein production.In
this study, we sought to exploit catR
promoter to produce recombinant

protein. For this purpose, two
promoters of different lengths P,
and P,_,.,, were amplified and cloned
in promoterless xylanase/pAN56-1
vector. Both type of transformants
harboring P, Xylanase/ pAN56-1
andP 4, Xylanase/ pANS6-1 were
evaluated for driving the expression
of alx gene. Expression of AlX in all
transformants suggested that P,
contained the sequences required to




initiate the start of transcription.
Different AIX activity was found in
different transformants (A1-A10
and K1-K10) which might be
attributed to varying copy number
or varying position in the genome
of the host at which integration
took place as also reported by
Verdoes et al., (1993).

To evaluate the effect of seed
media on the AIX expression of
transformants, two seed mediums
viz Sabauraud's media and wheat
flour media were tried. AIX
expression was found highest in
transformants grown in
Sabauraud's media (41.91-91.4
U/mg) in comparison to wheat
flour media (5.61-20.72 U/mg)
which might be because of better
growth of transformants
inSabauraud's mediain
comparison to wheat flour media.
Wheat bran is considered as one
of the most popular components
of complex media for xylanase
production (Deschamps & Huet
1985; Hoq et al., 1994; Sapereira

et al., 2002). Many authors
reported the advantages of using
wheat bran as a substrate for
xylanase production, therefore for
functional characterization; wet
wheat bran was used as
production medium.

In Sabauraud's
media,transformants A1-A10
showed AIX activity in the range of
46.66 - 80.74 U/mg which
depicted 3.21 fold increase inAlX
activity. This might be attributed to
TATA box present at -59 position
in P_..., The TATA box was the
first core promoter element
identified in eukaryoticprotein-
coding genes (Breathnach &
Chambon 1981). In Sabauraud's
media, transformants K1-K10
showed AIX activity in the range of
41.91-91.4 U/mg which depicted
3.64-fold increase in AlX activity
which might be attributed to two
TATAA boxes at position -59 and -
359 and two CCAAT motifs lying
at -355 and -590 position.As

reported by Bucher, (1990), in
filamentous fungi and higher
eukaryotes, the CCAAT motif is as
an essential and functional element
for high-level expression of a large
number of genes.The region from -
59 to -590 contains the two TATAA
and two CCAAT box and thus was
involved in strong expression. As
also suggested by Liu et al., (2003)
that multiple copies of CCAAT
motifs improved the heterologous
protein production in A. niger.
Results discussed here indicating
that there was no significant
increase in specific activity in K
transformants inspite of two
CCAAT and two TATAA boxes,
which might be because of three
crel binding sites (5-SYGGRG-3")
present at -98, -613 and -900,
responsible for repression by
glucose.

In wheat flour media,transformants
A1-A10 showed AlX activity in the
range of 5.75 — 7.67 U/mg which
depicted 3.95 fold increase inAlX
activity whereas transformants K1-
K10 showed AIX activity in the
range of 5.85-20.72 U/mg which
depicted 10.3 fold increase in AIX
activity which might be attributed to
two TATAA boxes, two CCAAT
motifs and absence of repression
created by binding of glucose with
three crel binding sites (5'-
SYGGRG-3') because of absence of
glucose in wheat flour medium.
Similarly, Roth et al (2007) using
the Psucl promoter observed seven
fold increased GFP florescence in
recombinant A. nigerstrain.

High expression levels and
induction of the A. niger cat
encoding gene, catR by CaCO, and
H,O, have been reported by Liu et
al., (1998a & b). The induction of
cat synthesis by CaCO, was
thought to be either due to the high
calcium ion concentration of an
insoluble salt which acts as a solid
support for mycelial growth or due
to resistance against pH change
caused by CaCO,. It is also well
known that heat shock and

hydrogen peroxide induces catalase
gene expression in Aspergilli
(Abrashev et al., 2005; Hisada et al.,
2005), and that each catalase gene
promoter has regulatory element for
stress response. The AGAAN motifs
are consensus DNA binding sites of
the heat shock transcription factor
(HSF) of A. oryzaeas reported
bylshida et al., (2004).The HSF
positively regulates the stress
response and the catR is involved in
defense against oxidative stress in
submerged culture, it is anticipated
that the AGAAN motifs are involved
in the positive regulation of catR
promoter. The P_,,, contained 9
AGAAN sequences which consists of
four AGAAN at -701, -692, -555, -
498bp in the sense strand and five
AGAAN (reverse compliment;
NTTCT) at -616, -579, -522, -298, -
122 bp in the antisense strand.

Under frequently used PglaA of A.
niger,glucoamylase expression was
reported to be 7.5 fold using glucose
as inducer vs xylose (Ganzlin and
Rinas, 2008). The catR promoter also
showed 6.66 fold increase in AIX
activity while growing in medium
containing maida vs glucose
suggesting that the catR promoter is
equivalently efficient as PglaA of A.
niger.

Result demonstrated that P,
showed better efficiency under the
given growth conditions.This is the
first report describing the
identification of the regulatory
element of catR gene in A.
niger.Clarifying the specific induction
or repression of the catR promoter
provides the possibility for utilization
of this promoter in heterologous
protein production industry.




Table 1 AIX activity of transformants in Sabauraud's medium followed by wheat bran

Transformants

Specific Activity (1U

mg™)

Fold increase with respect
toPoxylanase/pAN56-1

Pcatzooxylanase/pAN5S6-1#A1

54.28+0.25

2.16

PcatzooXylanase/pAN56-1#A2

51.83+0.35

2.06

Pcatsooxylanase/pAN5S6-1#A3

67.85+0.38

2.70

PcatsooXylanase/pAN56-1#A4

49.03+0.18

1.95

Pcatzooxylanase/pAN5S6-1#A5

46.66+0.16

1.86

PcatzooXylanase/pAN56-1#A6

64.61+0.25

2.57

Pcatsooxylanase/pANS6-1#A7

54.31+0.27

2.16

PcatzooXylanase/pAN5S6-1#A8

80.74+0.36

3.21

Pcatsooxylanase/pAN5S6-1#A9

74.05+0.38

2.95

PcatzooXylanase/pAN56-1#A10

75.86+0.23

3.02

Pcatozaxylanase/pANS6-1#K 1

54.21+0.45

2.16

PcatopaXylanase/pAN56-1#K 2

41.91+0.55

1.67

Pcatozaxylanase/pAN5S6-1#K3

46+0.52

1.83

Pcatgoaxylanase/ pAN56-1#K4

52.25+0.38

2.08

Pcatgzaxylanase/pANS6-1#K5

91.4+0.48

3.64

PcatooaXylanase/pAN56-1#K6

48.33+0.28

1.92

Pcatozaxylanase/pAN5S6-1#K7

51.84+0.37

2.06

PcatozaXylanase/pAN56-1#K8

45.53+0.54

1.81

Pcatozaxylanase/pAN5S6-1#K9

62.59+0.46

2.49

Pcato2aXylanase/pAN56-1#K 10

53.2+0.50

2.12

Poxylanase/pAN56-1

25.08+0.22




Table 2 AIX activity of transformants in Wheat flour medium followed by wheat bran

Transfor mants

Specific Activity (IU mg™)

Fold increase with
respect
toPoxylanase/pAN56-1

PcatsooXylanase/pAN5S6-1#A1

5.75%0.15

2.85

PcatzooXylanase/pANS6-1#A2

7.32+0.04

3.63

PcatzooXylanase/pAN56-1#A3

6.92+0.28

3.43

PcatsooXylanase/pAN56-1#A4

7.17+0.06

3.56

PcatsooXylanase/pAN5S6-1#A5

5.61+0.10

2.78

PcatsooXylanase/pAN5S6-1#A6

7.34+0.05

3.64

PcatsooXylanase/pANS6-1#A7

6.81+0.09

3.38

PcatsooXylanase/pAN5S6-1#A8

7.94+0.34

3.95

PcatsooXylanase/pANS6-1#A9

6.22+0.15

3.09

PcatsooXylanase/pAN5S6-1#A10

7.67+0.035

3.80

PcatozaXylanase/pANS6-1#K1

6.4+0.34

3.18

PatozaXylanase/pANS6-1#K?2

5.85 +0.20

291

Pcato2aXylanase/pAN56-1#K3

8.89+0.25

4.42

PcatooaXylanase/ pAN5S6-1#K4

6.18+0.35

3.07

Pcato2aXylanase/pAN56-1#K5

20.72+0.40

10.3

PcatozaXylanase/pAN5S6-1#K6

8.57+0.35

4.26

PcatozaXylanase/pANS6-1#K7

11.06+0.25

5.5

PcatozaXylanase/pAN5S6-1#K8

10.7+0.23

PcatozaXylanase/pAN5S6-1#K9

9.83+0.34

PcatgoaXylanase/pAN5S6-1#K 10

13.04+0.36

Poxylanase/pAN56-1

2.01+0.120




MICROBIOLOGY

Purification and characterization of a cold active alkaline protease from
Stenotrophomonassp., isolated from Kashmir, India

Iram Saba, Parvaiz H. Qazi, Shabir A. Rather, Refaz A. Dar, Qurrat A. Qadri, Nasier Ahmad, Sarojini Johri,
Subash C. Taneja and Sami Shawl.

A Psychrotolerant alkaline protease
producing bacterium IlIM-ST045
was isolated from a soil sample
collected from the Thajiwas glacier
of Kashmir, India and identified as
Stenotrophomonas sp. on the basis
of its biochemical properties and
16S ribosomal gene sequencing.
The strain could grow well within a
temperature range of 4-37°C
however, showed optimum growth
at 15°C. The strain was found to
over-produce proteases when it
was grown in media containing
lactose as carbon source (157.50 U
mg *). The maximum specific
enzyme activity (398 U mg ') was
obtained using soya oil as nitrogen
source, however, the inorganic
nitrogen sources urea, ammonium
chloride and ammonium sulphate
showed the lowest production of
38.9,62.2and 57.9 Umg *. The
enzyme was purified to 18.45 folds
and the molecular weight of the
partially purified protease was
estimated to be ~55 kDa by SDS-
PAGE analysis. The protease
activity increased as the increase in
enzyme concentration while as the
optimum enzyme activity was
found when casein (1% wi/v) was
used as substrate. The enzyme was
highly active over a wide range of
pH from 6.5 to 12.0 showing
optimum activity at pH 10.0. The
optimum temperature for the
enzyme was 15°C. Proteolytic
activity reduced gradually with
higher temperatures with a
decrease of 56% at 40°C. The
purified enzyme was checked for
the removal of protein containing
tea stains using a silk cloth within a
temperature range of 10-60°C.
The best washing efficiency results
obtained at low temperatures
indicate that the enzyme may be
used for cold washing purposes of
delicate fabrics that otherwise are
vulnerable to high temperatures.
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The isolated bacterial strain was
able to grow in the temperature
range of 4-37°C, however, the
optimal growth was observed at
15°C. The ribosomal RNA gene
sequence of 1,447 bases obtained
from 11IIM-ST045 showed 99%
homology with the corresponding
gene sequences of
Stenotrophomonas sp. The llIM-
ST045 was selected among 25
isolated bacterial strains for
production of protease on the basis
of clear zone formation on skimmed
milk agar plate.

In order to check the optimum
alkaline protease production y
Stenotrophomonas sp., five different
media were tested at 15°C. The results
indicate that Tryptic Soya broth (TSB)
was the best medium for alkaline
protease production with a specific
activity of 87.2 U mg *. The time
course of alkaline protease production
showed that maximum enzyme
production was observed at 32 h of
incubation

Among different metals examined,
Mg”", Mn*" and Ca”" showed the
highest enzyme productions at

The effect of different
carbon sources on
alkaline protease
production by
Stenotrophomonas sp.
was investigated.
Among the various
carbon sources used,
lactose was found the
best for production of
protease enzyme with a
specific activity of
157.50 U mg *. The
effects of nitrogen
source on alkaline
protease production by
Stenotrophomonas sp.
including different
inorganic, organic and
cheap nitrogen sources
were examined. The
inorganic nitrogen
sources like urea,
ammonium chloride
and ammonium
sulphate showed the
lowest alkaline protease
productions of 38.9,
62.2and 57.9 U mg*
respectively.
Interestingly, soya bean
which is cheap nitrogen
source showed the
largest enzyme
production of 398.65 U
mg .

g

Fig. SDS-PAGE of purified protease: lane 1
molecular weight ladder; lane 2 partially

purified protease




concentrations of 5 mM with
relative activities of 110, 109 and
120% respectively). Incorporation
of Mg", Mn" and Ca" together in
growth medium showed higher
enzyme production than using
them individually. However, Zn**,
Cu*" and Co’" strongly inhibited
enzyme production.

Protease being extracellular was
partially purified by ammonium
sulphate precipitation followed by
a series of chromatography steps in
order to give an overall 18.45 folds
purification with a specific activity
of 41.2 U/mg of protein. The
molecular weight of purified
protease was calculated on the
basis of semi logarithmic plots of
the mobility of the band on SDS-
PAGE using a standard curve
established with proteins of known
molecular weight. The molecular
weight of the purified protease was
determined to be —55.0 kDa. The
zymogram analysis after column
purification showed a single band
indicating that the protease is
active as a monomer. The native
molecular mass of the purified
enzyme was in agreement with that
obtained by zymogram gels. These
results indicated that the protease is
a monomeric enzyme.

The enzyme was active over a
broad range of pH (6.8-12.0),
showing maximum activity at pH
10.0. The effect of pH on stability
of the enzyme was studied by using
casein as a substrate under the
standard assay condition. The pH-
stability profile of the protease as
determined by the residual activity
measurement showed 90% of its
original activity was retained
between pH 6.8-12.0.

The enzyme displayed significant
activity within a temperature range
of 4-37°C with maximum activity

at 15°C and at pH 10.0. In order to
examine the temperature stability of
the protease, the protease solution
in 50 mM phosphate buffer (pH 7.0)
was allowed to stand for 30 min at
various temperatures. The enzyme
retained more than 90% of its
maximum activity after 1 h exposure
to temperatures of 15-30°C and
~15-20% after 1 h exposure at a
temperature of 40-50°C.

To check the enzyme and substrate
concentration, the original stock
enzyme preparation was diluted to
eight different descending
concentrations and was assayed for
their activities. The results indicated
that enzyme activity was directly
proportional to the concentration of
the enzyme used. Highest enzyme
activity of 300.0 U/ml was observed
at 0.4 U/mg of protein preparation.
In case of the effect of the substrate
on enzyme activity it is obvious from
the results that the maximum
protease activity (312.12 U/ml) was
obtained when casein was used at a
concentration of 1%. A higher
concentration of casein (more than
1%) showed a dramatic decrease in
protease activity with almost no

activity at 10% casein as substrate.

Besides pH, a good detergent
protease is expected to be stable in
the presence of commercial
detergents. The IlIM-ST045 protease
showed excellent stability and
compatibility in the presence of locally
available detergents (Nirma, Wheel,
Henko, Surf, Surf Excel, Ariel, and
Rin). Protease from
Stenotrophomonas sp. I1IM-ST045
showed stability and compatibility
with a wide range of commercial
detergents even at 15°C in the
presence of CacCl, as stabilizer. Our
protease showed good stability and
compatibility in the presence of Ariel
followed by other commercial
detergents. The enzyme retained more
than 50% activity with most of the
detergents tested even after 3 h of
incubation at 15°C. As the protease
produced by our isolate was stable
over a wide range of pH and
temperature, which showed
compatibility with various commercial
detergents tested in the presence of
CacCl,. The supplementation of the
enzyme preparation in detergent
could significantly improve the
cleansing of the stains.
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Fig. Effect of different enzyme and substrate concentrations on the
enzyme activity of partially purified protease




10.2 Bacterial Diversity Of The Apharwat Glacier In North Western Himalayas Of

Kashmir

Nasier Ahmad, Qazi Parvaiz Hassan and Sarojini Johri

The soil samples from the
apharwat glacier in north western
Himalayas of Kashmir, India were
analyzed for the presence and
diversity of bacteria by molecular
phylogenetic analysis. The aim of
this study was to describe the
diversity of bacteria in apharwat
glacier by 16S rDNA-dependant
molecular phylogeny. Phylogenetic
analysis suggested that the large
amount of unclassified cloned
sequences could imply that novel
groups of bacteria were present in
the glacier soil 16S rDNA library.
The cloned DNA sequence
similarity ranges of 82-99% were
found in the 16S rDNA library. The
results suggest that rDNA
sequences linked to bacterial
microflora probably represent
many novel groups of bacteria.
Total genomic DNA was isolated
directly from soil using MoBio Kkit.
Good quality, high molecular

weight metagenomic DNA was
isolated with the purity index of
>1.8. Small subunit (SSU) rRNA
gene sequences from bacteria were
selectively amplified by PCR and
cloned. Nucleotide sequence
information of twenty eight clones
obtained was used to determine the
unique SSU rRNA gene sequences
within the rDNA library.

All the one hundred ninety two
(192) clones of bacterial rDNA were
further analysed by restriction
fragment length polymorphism
(RFLP). Based on the RFLP pattern,
redundancy of inserts was checked
and clones with maximum
variability in banding pattern were
selected. A four-site cutter
endonuclease Taq 1 was used for
the digestion of the clones that
resulted in 3-6 bands those were
most suitable to score the genetic
diversity. Twenty eight unique
clones thus selected as a result of

RFLP pattern were subsequently
sequenced. Ten of the twenty eight
cloned sequences when blasted
showed significant homologies and
subsequently under phylogenetic
analysis with reference sequences
obtained through BLAST analysis fell
into five different phylogenetic groups
representing Acidobacteria (14.3%),
Nitrospira (10.7%), Chloroflexales
(3.6%), Firmicutes (3.6%) and
Proteobacteria (3.6%). While as
eighteen of the cloned sequences did
not prominently show significant
homologies to any of the known
bacterial phylas. All of these
sequences reflected unique unknown
phylotypes thereby showing the
possible novelty of these domains.
Similar results have been presented
from bacterial diversity studies of
different extreme locations all round
the globe and novel bacterial strains
reported.

Clone

Closest match

Base %

Accession

Phylogenetic

number (Accession number) pairs number group

AGK-004 Uncultured bacterium, 589 98 Unknown

EF018498.1

HQ834211

AGK-009 Uncultured bacterium, 459 82 Unknown

EF516012.1

HQ834212

AGK-014 873 94

Uncultured nitrospira,
AJ519405.1

HQ834213 | Nitrospirae

AGK-016 Uncultured 1072 93 Acidobacteria

acidobacteria,
HMO062461.1

HQ834215

AGK-022 Uncultured bacterium, Unknown

EF018065.1

HQ834214

AGK-028 Uncultured Acidobacteria
acidobacteria,

EF019024.1

HQ834216

AGK-033 Uncultured bacterium,

JN024042.1

HQ834217




Clone
number

Closest match
(Accession number)

Accession
number

Phylogenetic
group

AGK-040

Uncultured chloroflexi,
DQ450736.1

HQ834218

Chloroflexi

AGK-048

Uncultured
nitrospiraceae,
EF018086.1

HQ834219

Nitrospirae

AGK-054

Uncultured nitrospira,
AM167945

HQ834220

Nitrospirae

AGK-062

Uncultured bacterium,
GQ339170

HQ834221

Unknown

AGK-069

Uncultured
acidobacteria,
DQ450701.1

HQ834222

Acidobacteria

AGK-074

Uncultured bacterium,
FJ592799

HQ834223

Unknown

AGK-082

Uncultured bacterium,
GQ402748

HQ834224

Unknown

AGK-091

Uncultured bacterium,
EF492965

HQ834225

Unknown

AGK-098

Uncultured bacterium,
JF833538.1

HQ834226

Unknown

AGK-106

Uncultured bacterium,
FJ625318.1

HQ834227

Unknown

AGK-125

Uncultured firmicutes,
EF664979.1

HQ834228

Fermicutes

AGK-129

Uncultured bacterium,
AY963478.1

HQ834229

Unknown

AGK-133

Uncultured bacterium,
EF019080.1

HQ834230

Unknown

AGK-140

Uncultured bacterium,
EU132364.1

HQ834231

Unknown

AGK-144

Uncultured bacterium,
GU598579

HQ834232

Unknown

AGK-153

Uncultured bacterium,
GQ339170.1

HQ834233

Unknown

AGK-160

Uncult.
betaproteobacterium,
FR749807

HQ834234

Proteobacteria

AGK-168

Uncultured bacterium,
DQ866136.1

HQ834235

Unknown

AGK-174

Uncultured bacterium,
DQ866143.1

HQ834236

Unknown




Clone
number

Closest match
(Accession number)

Accession
number

Phylogenetic
group

AGK-186

Uncultured bacterium,
EU470505.1

HQB834237

Unknown

AGK-192

Uncultured
acidobacteria,
DQ328617

HQ834238

Acidobacteria

Table. Similarity values of Bacterial 16S rDNA sequences retrieved from Apharwat glacier in north western

Himalayas of Kashmir.

The snowpack is a diverse habitat
that remains largely unexplored as
research efforts have focused on
glacier systems and ice. Many
studies, including this one, report
the occurrence of related
phylotypes from geographically
diverse, but predominantly cold
environments, and the community
structure has common populations
in different cryohabitats. The
bacterial diversity in this unique

extreme habitat is being first time
reported. The studies indicate the
possible presence of novel groups of
bacteria present in the glacier that
may be further exploited for their
better use during our further studies
in drug discovery. Microbial
ecosystems beneath glaciers and ice
sheets have recently attracted
significant attention due to their
metabolic potential and possible
role in regional and global carbon

cycling and climate change. Although
the molecular and Phylogenetic data
collected in this study cannot help in
inferring an ecological role for these
microorganisms in the environment.
The present study has made its
contribution by providing data for
further studies on the dynamics of
bacterial populations in glacier regions
of upper Himalayan range in north
Kashmir.
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and Reproduction - Vol. 8
V.K.Gupta, Anil K.Verma,
G.D.Singh, (Ed.). Daya
Publishing House, New
Delhi.494p (2011), Pages:
533

Elemental Profiling: Its Role and
Regulations, Atomic Absorption
Spectroscopy, Dr. Muhammad
Akhyar Farrukh (Ed.), ISBN:
978-953-307-817-5, InTech,

Dr PL Sangwan attended 12"
International Congress of
Ethnopharmacology
“Traditional Medicines and
Globalization- The Future of
Ancient System of Medicines”
held at Jadavpur University,
Kolkata, India during Feb. 17-
19, 2012.




INVITED TALKS

Dr. S.Koul as International year of December 22-24, 2011 at lIS
o Chemistry" University, Jaipur.
1. In connection with refresher

course for lecturersat GGM  Muzimil Ahmed Abid Hamid Dar

College, Jammu on I*
Oct'2011 on the topic ' 1 Role of Prostaglandin D2 in 1. Exploring chemical reactions for

SOME MEDICINAL Cerebral Ischemia, National biological processes in health
ASPECTS OF NATURAL Seminar on Advances in and disease” in context with
PRODUCTS Biosciences at Amar Singh “2011-The international Year of
College Srinagar on 12th Chemistry”. Organized by Govt.
Exploring chemical reactions June 2012. MAM College, University of

for biological processes in _ ) Jammu and J & K Science &
health and disease” at Govt. . Prostaglandin D2 in Technology on Sep 27", 2011

MAM College, University of exacerbates Ischemic Injury, at
Jammu (Sep 27th, 2011) XXXI Annual Conference of

during celebration of "2011 Society of Toxicology (STOX),

RESEARCH COUNCIL

Prof. Goverdhan Mehta Chairman
CSIR Bhatnagar Fellow, Department of Organic Chemistry
Indian Institute of Science, Bangalore

Dr. Satyajit Rath External Member
Staff Scientist, National Institute of Immunology
Aruna Asaf Ali Marg, JINU Complex, New Delhi -110 067

Prof. Sudhir K. Sopory External Member
Senior Scientist & Coordinator Plant Biology

Plant Molecular Biology, International Centre for Genetic Engineering & Biotechnology,

Aruna Asaf Ali Road, New Delhi -110067

Prof. Dipankar Chatterji External Member
Molecular Biophysics Unit, Indian Institute of Science
Bengaluru -560012

Prof. Satyajit Mayor External Member
Professor and Dean

National Centre for Biological Sciences, (Tata Institute of Fundamental Research)

Bellary Road, GKVK Campus, Bengaluru -560065

Prof. Sushil Durani External Member
Department of Chemistry, Indian Institute of Technology
Powai, Mumbai -400076

Dr. Raman Govindarajan External Member
Sr. Vice President

Discovery Biology, Developmental & Translational Medicine

Jubilant Biosys and Jubilant Innovation, 96 Industrial Suburb, 2™ Stage Yeshwanthpur

Bengaluru -560022
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Dr. R. Brakaspathy Agency Representative
Scientist G

Department of Science & Technology, Technology Bhawan, New Mehrauli Road

New Delhi -110016

Dr. P.K. Biswas DG Nominee
Former Adviser (S&T), Planning Commission
MS-11/905, Kendriya Vihar, Sector 56,Gurgaon, Haryana -122003

Dr. T.K. Chakraborty Sister Laboratory
Director

Central Drug Research Institute, Chatter Manzil Palace, PB. No. 173

Lucknow -226001

Prof. Siddhartha Roy Cluster Director
Director

Indian Institute of Chemical Biology (IICB)

4, Raja SC Mullick Road, Jadavpur,Kolkata -700032

Head or his Nominee Permanent Invitee
Planning & Performance Division

Council of Science & Industrial Research

Anusandhan Bhawan, 2, Rafi Marg,

New Delhi -110 001

MANAGEMENT COUNCIL

Dr. Ram Vishwakarma Chairman
Director, Indian Institute of Integrative Medicine
Canal Road, Jammu

Dr. P.S. Ahuja
Director, Institute of Bioresource Technology
Palampur

Dr. R.K. Raina Member
Scientist G/Head, PME Division
Indian Institute of Integrative Medicine, Canal Road, Jammu

Dr. Sushma Kaul
Scientist F
Indian Institute of Integrative Medicine, Canal Road, Jammu

Dr. S.K. Lattoo Member
Technical Officer El
Indian Institute of Integrative Medicine, Canal Road, Jammu

Sh. Amit Nargotra Member
Scientist B
Indian Institute of Integrative Medicine, Canal Road, Jammu

Sh. Upendra Kumar Member
F&AO
Indian Institute of Integrative Medicine, Canal Road, Jammu

Sh. Om Prakash Member
AO
Indian Institute of Integrative Medicine, Canal Road, Jammu




Externally Funded Projects

PROJECT
TITLE OF THE PROJECT L EADER SPONSERED BY

Centre for Aromatic
plants.Govt. of
Uttarakhand

Supply of Aromatic plants for R&D &
extension Dr.Suresh Chandra

Engineering the apocartenoid Dr. Nasheeman Department of

biosynthetic pathway in saffron Ashraf Science and
Technology, (JK Govt.)

Identification & Molecular cloning of _ _ Department of
cytochrome P4 50 gene sequences | Dr- Sumit Gandhi Science and

from Colecus forskohlii Technology, (JK Govt.)

Role of prostaglandin E2 receptor Department of
EP1 antagonist in stroke: mechanistic | Dr. Muzamil Ahmad | Biotechnology, New
and pre-clinical approache Delhi

Indian Council of
Medical Research,
New Delhi

Screening of some plant molicules Dr.Inshad Ali Khan
Against Mycobacterium tuberculosis

List of Fellowships Awarded

PROJECT
FELLOWSHIP L EADER SPONSERED BY

Department of Science

Delhi

Indian Council of
ICMR Fellowship Ms.Arpita Saxena Medical Research, New
Delhi

Indian Council of

; Mr.Mohd.Noor .
ICMR Fellowship Medical Research, New
Alam Delhi

Indian Council of
Medical Research, New
Delhi

Harvinder Kour

ICMR Fellowship Khera

Indian Council of
ICMR Fellowship Arvind Raina Medical Research, New

Delhi




FELLOWSHIP

PROJECT
LEADER

SPONSERED BY

DBT Fellowship(Ramalingaswami
Fellowship)

Dr. Zahoor Ahmad
Parry

Department of
Biotechnology,New
Delhi

INSPIRE Fellowship

Mytre Koul

Department of Science
and Technology, New
Delhi

ICMR Fellowship

Sakshi Malthotra

Indian Council of
Medical Research, New
Delhi

DBT Fellowship

Ankita Magotra

Department of
Biotechnology, New
Delhi

INSPIRE Fellowship

Vaibhav Khare

Department of Science
and Technology, New
Delhi

INSPIRE Fellowship

Ravinder Kumar
Dhar Dubey

Department of Science
and Technology, New
Delhi

INSPIRE Fellowship

Ashok Kumar

Department of Science
and Technology, New
Delhi

INSPIRE Fellowship

Neha Sharma

Department of Science
and Technology, New
Delhi

ICMR Fellowship

Abid Manzoor
Shah

Indian Council of
Medical Research, New
Delhi

INSPIRE Fellowship

Rohit Sharma

Department of Science
and Technology, New
Delhi

C.V. Raman International Fellowship
For African Researchers

Dr. Anatole
Constant Pieme

Department of Science
and Technology, New
Delhi

C.V. Raman International Fellowship
For African Researchers

Dr. Pantaleon
Ambassa

Department of Science
and Technology, New
Delhi

C.V. Raman International Fellowship
For African Researchers

Dr. Kawthar Abdel
Aziz El-Sayed
Mohd. Diab

Department of Science
and Technology, New
Delhi










1 Inh;

jrEHkOk Ifefr db

viy[k ,0 1K;

milfefr Hjk

JrEHKOK

fujio.k fukd 23-04-2011 1 24-04-2011 ok uxj jkEHOK dk;ka;u

Ifefr] tte d v/;0 rfk dlnh;
dizky;k d Ik jreHkkOK

<

Ninh; Befr db viy[k ,0 I; mi Mefr Yk joeiOk fujtdk dk;ie

cBd e miflFkr Tlnh; Ifefr dh
viy[k ,0 B{; milfefr Hjk
jieHkOk fujt0.k fopkjéfoed di;@e
frukd 23-04-2012 1 24-04-2012 dk
uxj jeeHkOk dk;Wo;u Ifefr
di;ky; ,o0 Ifefr d wi; 15
dinh; dk;ky;kecdigmi@ek d  BkFk
fopkj&foed fd;k x;kA 1nh;
milfefr d eluur; mik/;0 ,0 ,0
InL;k] dk;ky; e[k dk Lokxr
ILFlw d fundd ,0 v/;0] ujkdkl
Mk- jke fo*odek u fd;kA bl
volj ij J IR;or proni]
mik/;0] IkIn jiT; THK Jn j2%00
ilin flg] InL;] ykd BHK Jb

jktUn wvxoky] BIkIn] ykd BHK] Mk-

illu dekj ikBIK] TkIn] ykd
IHK] Jherh tue tutk] Ifpo]
LIn; jkeHOk Mfefr Ifpoky;] Jb
imi dekj Oel] ofj- vul/iu
vikdijh] Ifefr Ifpoky;] Jh objin
flg] vul/ku lgk;d] Ifefr
Ifpoky;] Jh xxk ilkn] fjikvj]
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Ifefr Ifpoky; rfk dk;de e
Okfey  ujkdkl InL; dk;ky;k d
di;ky; te[k miflFkr FA
fopkjéfoed dk;@e di wv/;0rk
LIn; Ifefr d mik/;0 Jb IR;or
proni u diA fopkj&foed d nkjku

dk;ky ;kicdkgmidek d 15 InL;
uifr dk;lo;u lIc/k fopkjéfoeO dk;@eA

IHk ifr egin; u jkeHkOk di;kioju
di In< cuku d fy, egroi.k I>ko
fn;A

Jh IR;or pronh u dgk fd ujkdkl
di cBdk e di;ky; v/;0 Lo; Hix
ugh yr vkj mighu wkiflk 0;Dr djr
g, fopkjsfoed dk;@e e Okfey
InL;k dk vixkg fd;k fd ujkdkl db
cBdk e Hikx u yu I cBd e fy,
X; fu.k;k ij dkjokb BEHko ugh gk
ikrfA xr riu cBdk dh miflFkfr d
fod; ij xgjt fpUrk 0;Dr djr g,
miftkr InL;k 1 thuuk phok fd
viidh jivi; Lo i0klfud ftEeokjh gA
viidk i0lfud nkf;Rok dk fuokgu
djr g, cBdk e vifuok; i 1
miflFkr jouk pkfg, wkj jreHkOk urfr
dk;Wo;u dk iHion cuku dh flk e
vio®;d dkjokb djuk pkfg,A

vir e miflFkr x.kell; 0;fDrsk ,
InL;k dk viHkj Bfgr /d;okn Mk-

Iinb; Iefr Wik iLrd inOuh dk fujp0.k djr g,

Vij-d-j.] ofj'B oKkud u fd;A




uxj jkeHikOk dk;klozu Ifefr] tte dh Nekgh cBd fnukd 29 tu]
2011 dk Hikjrh; leor w0/ ILFku] tfe d diWYI gky e IEiluA

Hijr 1jdkj] xg e=ky;]
jeHkOk folkkx d funOulkj uxj
jieHkOk di;kio;u Ifefr] tie dh
Nekgh cBd foukd 29 tu] 2011
ichok dk vijkgu  3-00 ct
Hjrh; leor wviOA ILRW] tie d
diYl gy e wvi;ktr gbA cBd
dhi v/;Ork ILFku d funOd ,0
ujkdkl v/;0 Mk jke fo*odek u
diA bl wvolj ij e[; virffk d
Zi e miflfr Jh fouin dekj Oel]
mifunOd 4dk;k-] Hijr Bjdkj] xg
e=ky;] jrtHOk foHikx] O=h;
di;Wosu dksky; Ynyytg Jn ,1-
Ii-flg] dk;ikyd funOd] ikoj fxM
dijikj"u vkQ bfM;k fyfeVM imrjh
O=¢ANY] tre] Jh jktho gLr]
egkic/kd] ,u-,p-il-Ih- ifj;ktuk
nyglri fd*roM] Jn li-of-flg]
egkic/kd] ,u-,p-it-I- Dyky
ifj;keuk] mheij] Jdn ijfolnj flg]
vi;Dr] ek *kYyd ,o dinh; mRikn
OYd wk;Driy; Ytfe ,0 d'ebj]
Jh egkchj flg] 1;Dr vi;dj
vk;Dr] vk;dj dk;ky;] tee] Jn
vOid xIrk] mi egkic/kd] itic
ubuy cd] O=h; dk;ky;] tke] Jh
vieidi0] i0klfud vikdkji] Hikjrh;
leor WiO/k ILFku] tEe] rFik
ujkdkl d dint;
dk;ky ;kecdkmi@ek d IHh

-

ujidkl v/;0 Mk jle fo"odek cBd dh v/:Ork djn g,A

dk;ky ;k/; ObfgUnh v/kdkjh@fgunt
vuoknd@filv. o byDWkfud ehfM;k d
IHG Boknnkrk rRk wU;  X.kell;
0;fDr miflFr FKA cBd dk Ipkyu
M- vej flg] ofj- fognh vi/kdkjh
,0 1fpo] ujkdkl] tte u fd;kAcBd
dk Ipkyu djr g, ILFku d ofj-
founh vi/dkjh ,0 Ifpo Mk- vej
flg v/;0 egin; ,0 cBd e
mifLtFr ITtuk dk Lokxr Mk- vej
flg] InL;&lfpo u fd;kA migku
viu Lokxr lckku e dgil ™d ;g
cBd 1iR;d Nelkgh d nkjku Hdkjr
Ljdkj] xg e=ky;] jkeHiOk foHikx
d vin0 ij cyib tirh gA bl cBd
e ifke vDVcj] 2010 1 31 elp]
2011 d nkjku vkid dk;ky; e

jheHkOk foumh e fd; x; dk;k dh
leiOk rFkk jkeHkOk urfr di;kiosu e
milu lel;kvk 1j ppk dh tk,xiA
migku dgk fd ujkdkl vki lcd fy,
,d 10Dr ep g ftld el/;e |
tte d IHh dinm;
dk;ky;k@cdi@midek e jreHOk fgunh
d di;ko;u di ixfr db Der{lk wij
dk ,0 nOk rik 1jd d
vinb@vun0 THO dk;ky sk dk He tir
g fell vPNi idyg I dk;kosu ixfr
dh vij vxlj gk jok gA migiu wiOK
0;Dr djr g, dgk fd Ifefr oreku
e VPN dk;ko;u di vkj mle[k g
vij fudv Hifo"; e ;fn wvki lcdk
Ig;kx ikr gwvk ri ;g Iefr jreHdOk
d dk; fu'tknu e md'vV Hfedk wnk

dju e 10e gkxiA

ILFku d funOd
,0 Vv/;0] ujkdkl]
tte Mk- fo"odek
u miflFkr InL;k
dk Lokxr djr g,
viu v/;0n;
Ici/iu e dgi]
Md 23 viy]
2011 d nkjku




LInh; jkedkOk Dfefr db milfefr
Hjk jrerkOk fujrO.k fd;k x;k
ftle Ofey InL; dk;ky;k dk
fo00 Ng;kx jok feld fy, Ifefr
di vij I mighu Bedk Of@sk wnk
fd;kA fginh dk dEl;Vj d el/;e

I c<hu d fy, jreHiOk foHkx d
vinOkulkj wkb-Vi- pfEi;u Vhe xfBr
dju dk I>to egfoi.k gA IHn
di;ky;k dk dEl;vy 1) ;udiv d
ek/;e 1 fognh dk; dk dju e
milu lel;kvk dk lelku IEHo
gkxkA fele mugu nk&nk InL;
dinh; dk;ky sk rFkk nk&nk
cdi@mi@ek 1 puto dju dk ilro
fd;kA ;g Vhe I-Md 1.k d el/;e
1 if00.k ikr djxi vij ujkdkl
InL; dkky;k e dEl;Vj d el/;e
I ;fudiM ij #f00.k nxn Ik g

Ifpo] Hkjr Bjdkj] ub faYyh d
el/;e 1 jkVoskih Lrj 1j ipkj&ilkj
gr dk; ;keuk d el/;e 1
tytb&vxLr] 2011 d wirxr
ipkj&ilkj vitk;u ij n0 e pyk;k
thxk vi v/;0] uxj Mefr Hjk
Mh,ohih iuy e Ofey dju d fy,
v/;0 egin; u itic ubuy cd
10=h; di;ky;H] tie] Hkjri; LW
cd 4iOklfud dk;ky;¥] tEe]
disky; egry[kdij] vi;dj disky;]
tte] foekuifru ikiAkdj.k] tie o
[fnh xkek]kx idotviblih] tEe wiin
I Hh nk&nk 0;fDr;k & Mh,ohih
iuy e Odey wvimV Mij ipkj
LUk d el/;e 1 Notfud LFkyk
ij exnOh fDWr d Vil ij
JeHkOk foHkx] ub faYyh Wik nh
x;h ipkj&ilkj Tkexh pfulnk LFku

ij yxiu dk dk; djx*A v/;0
egin; u ITHL EnL;k dk wiHkkj 0;Dr
djr g, /M;okn fd;A

vir e Il d iOklfud vi/kdijh
b vieidid u v/;0 egin; rfik
cBd e miflRr IHNO dint;
di;ky;kacdi@mi@ek d dk;ky; 1e[k]
ofj- fgunh vf/kdkj ;k@fgUnh wvuokndk
,0 uxj d filv o byDVkud ehfM;k
d IH0 Toknnkrkvk dk viHkj 0;Dr
djr g, dgk fd effM;k dk Ino bl
cBd e fo'(' Mg;kx jok gA e gn;
I nmudk viHkjh gA wki IHO cBd e
miflFr g, vk migiu BHO InL;k dk
cgr&cgr viHky Ifgr /i;oln fd;HA
migku viu ILRku d IHG Bdk;
InL;k dk cBd d vkiktu e 1d;
Ig;ix d fy, mudk Hi /;okn Bfgr
VIHK] 0;Dr fd;kA

vitinh dh 660oh oOxB

Lor=rk fnol d 660h o0xiB d volj ij jiVot Qgjin g, ILFku d fundd Mk jke fo"odek A

vitinh di 6600 oOxkB d bl ikou
volj ij IR d fundd Mi- jke
fo"odek u lcdk gind OHdkeu,
nr g, dgk fd ;g ,frgifld fnu
ge Lor=rk wvilnkyu d gtkjk
ijoluk dh egku dckfu;k dh ;kn
fayrk gA ge mu nO HDri] Ogink
rik nO dh jOk e Ogin g, Nuk
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d toluk 0 n0 d ukxfjdk di
Dkleu viir djr g ftlglu nd
dh etk ij jOk djr g, wviun
tiu dclu dj mh g ejk mlg Or&Or
i.lke !

15 wxLr] 1947 dk vkt 1 65 00
igy ge vktin g, FA ;g gekj

vitknh dk 000 egroi.k ,0 xkjoOkyh
fnu gA D;kfd 26 tuojh] 1930 dk
jkoh unh d rV 1j ug: th dh
v/;0rk e io Lor=rk ikfir dk ilrio
dixl d vioOu e ikl gvk FlA
1% djr jg turk Lor=rk dh
cfyonh ij p<rh joh vk Ogink dk
[lu jx ykk vij nO Loku gvkA ge




LoMu g, 65 00 gk x; gA vc
;9 1e) Hjr g] geu bu 65 olk
e D;k ikk Dsk [K;KN\N  ge wikx
vij ixfr d fy, vile elFu djuk
okxk] cgr Bgh miyfC/;k geu
gifly dh gA fokiu d 0= e &
ixfr n0 u di g og difcy rifjQ
g] uoture vul/du d  BkFk& NKFk
u;b&u;h nok, gekj nO e fodflr
dh xb gA di6 d 0= e wvuitiA
telu dk dfd ;k; cuu e did
dh inkokj e of) gb gA bu 65
ok d nijlu ViFid fodil nj]
fonOh enk HMKj] []Ku mRiknu]
folr miknu] NOjrk nj wiin e
of) IHo g yidu nd di 1jox
d fy, Hkr etcrt d IFk wvix

c< jok gA

fundd egin; u ILFku dh Ok
Ic/i oKkfud miyfC/A;k dk crir g,
;0k oKkfudk dk bukofvo dh wij
c<u dk IO fn;lA vk]iixd 0= e
fokiu d el/;e 1 wvijkxndj.k dh
ifg;k rt gb gA bldk wvinktk ge
n0 d I, I-vib-vij- IxBu ,0
vi; oKifud Okk ILFku 1 egll
dj Idr gA vib-W- ,0 1;koj.lh;
lel;kvk d VirfjDr vi; Vifd]
mnkjhdj.k] lkekfitd ,o jktufrd
nf'vdk.k dk 0;kid cukuk gA

vitknt gekj n0 dh ,dri] v[k.Mrk
dh irid g gekj nd offl;k di ,d
tVrk g lelo;d ILdfr gA jK'Vfirk

egitek xkAi] THKO pln ckl] Hixr
flg] pUnO[kj vitin] I[ino rrk
jkex: €l Lo=rk Muku;k u ftu chrk
dk Qkyk dj dfBure y{; 1 Lor=rk
iir di migh d vinbk ij pydj

y{; Wr dj wvix c<uk gkxkA e>
viu u; fodflr IxBr Hkjr ij xo
gA vifikd Lrj i yxkrkj etcr gk
jok Hijr fodflr nd cuu di drij e
vxlj gA yfdu bu IHh miyfC/A;k dk
J; mu egku Hijrhsk dk tkrk gA wvrhk
bl ,frgifld volj ij e tifr] ox]
WO /e wvij O= d rPN HinéHko |
Aij mBdj Odur] lefd) wij ixfr d
ekx 1j pyr g, jk'vh; ,drk o
[k.Mrk dk etcr dju d fy, IHb
di ,dtV giu dk ge IdYi yr gA

fgnh fnol@lIrkg] 2011 dk dk;@e

fgUnh fnol@llrkg d nkjku ifr;kfxrk @ Hkx yn g,

] !
ifr;k< o fu.lk; dx.k

vi;keu dh x;h fele fglnh
fucl] Jry[l] jrtHidk o
foKku 17URRrji] wvuokn@fvli.k
0 ikzi.] HKO.k Ffr;kxfri]
liLdfrd di;@e i
ifr;kixrk, wvkkftr dh xb
rik fotsh  afrkix;k dk
ILfku d funOd rFkk ujkdkl
v/;0 M- jle forodek u

1% db jkeHeOk fgnh e Bjdkjh
dkedkt rFik fglnh d ixfr -fp thxfr
dju d mnn*; 1 din ljdkj d
dk;ky;k e fgunh fnod@Hirkg@ekl dk
vi;keu  djuk lo/kfud fuzek d
vulkj wvfuok; gA pfd 14 fnlEcj]
1949 dk Ifo/lku IHK u fgUnh dk 1%
dh jkeHkOk d i e wxidkj fd;k FikA
rulkj Hkjrh;  Ifo/llu d  VuPNn
3431% e ;g mick fd;k x5k g fd
founh 0% db jeHkOk gkxhA vk
jeHkOk foHkx Wk okfOd dk;@e d
vulkj gh ;g vi;ktu djuk okfNr gA

Hjrh; leor wkO/& ILFku e fgn
fnol@1irkg] 2011 dk wvk;ktu fukd 07
flrEcj] 2011 1 14 flrEcj] 2011 rd
rrlc/d ifr;kixrk, futu dk;@ekulkj

viu dj&édeyk I udn ji0
rFk 1ek.k&i= inku fd, x;A

in‘r;rk e Hix yn g, ifr;kdh ,o0 fu.li;d eMy d InL;

S NI WD S Ty
(S o sbenfo aquem g

fg:ﬂ feam /wamR &1 drieA

ey or-sa P, Jont




fglnh - dlk; Okyk

di;Okyk ok IckiAr djn g, IR d fundd ME jle fo"odel ,o IHh LWQ InL;

1% o jreHiOk fgim e ljdkjt  djuc piig,A rifd oKifud o
diedkt rAk fgnh d ixfr :fp i0fud O= e foinh dh ixfr
tixfr dju d nnn*; 1 din 1jdij  HHuf*pr gk 1dA

(Ijlrl:j éekf;k de Jg”lnh fi“_o'f@Unh Me Vij-d-j.i v/;0] il-ed- u
; LY viu fopkj 0;Dr djr g, dgk fd

ftkjgky.kLkaﬁ Y};kfﬁ,‘jogdﬁk_x%f‘ oKiud cUk 0 iU d THI LVIQ
X InL; ;fnoizkl dj rk founh ok

;0 Oggekk f‘; ‘;g‘;lj"? IOI-,IkErLVISQJr ilx futlng c<kk € Idrk gA
InL;k ,o rduhdh vi/kdifj;k dk Ha  Jh miln dekj] fokr ,0 y[k

tok rd IHo gk fu'Bkiod viu vikdkjh u viu fopkj 0;Dr djr
oKifud dk;k e fgunh dk i;kx g, dgil ™d iOklu d IHa O=k e

uxj jkeHWOk dik;koju Ifefr] tie db
25 tuoji] 2012 dk Hikjrh; leor wkO/A ILFku] tfe d
diyl gy e [BEilUA

Hijr 1jdkj] xg e=ky;] JkEHKOk diYl gy e wvi;ktr gbA cBd
foHkx d funOkulkj uxj jreHkOK dh v/;0rk IR d fundd 0
di;klo;u Ifefr] tke dh Nekgh ujkdkl v/;0 Mk jle fo"odek u
cBd fnukd 25 tuoji] 2012 dnAbl volj 1j Jh ijfelnj flg]
Jchokjh dk vijkgu 2-30 ct vk;Dr] lhek Ovd ,o dinh; mRikn
Hjrh; leor wviO/A IRk tte d  Ovd] tfe] Jn ,1-Iiflg] dk;ikyd
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founh dk;ko;u dk c<k;k tk 1driA
ILFku d iOklfud vuHkxk e gh fglnh
di dk; idfr dk c<lu dk el/;e gA
tefd Hkjr 1jdkj] xg e=ky;] jreHiOk
foHkx d wvind g fd i0klu] fokr ,o
y[k rAk H.Mj ,0 @; vuHixk e
leLr dk; fgnh e HEilu dju d fy,
ilf/kdr fd;k gA

vir e M- vej flg] ofj'B fgunh

vifkdijh u dk;Okyk e BHIG Bg;kxh
LVkQ InL;k dk wiHkj Nfgr /k;oln
fd;kA

Nexgh cBd fnukd

fundd] ikoj fxM dijikjOu] tte] Jh
vOid xIri] miegkichd] itic ubuy
cd] eMy dk;ky;] tte] JIh vij-,u-
en.l] eMy ;krk;kr ic/kd] mRrj jyo]
tie] M- wij-d-j.i] ofj"B oKkfud]
Hjrh; leor wviOA ILRW] tie d




.-'i t-éd

m"ﬂ

v/;0] ujidkl M¢ jie forodek cBd dk IckAr djn g,

fopkj&foed fd;k
th;xkA cBd dk
e[; mn*; g fd
dinh; dk;ky;k e
fginh i ixfr dli
IEHko gk 1% d
fofHkiu jktdh;
i;ktuk e bld
ixkeh 1;kx dk
c<kok nu d fy,
JREHkOK foHkkx ifr

vinOkdvunOk dk ikyu djr g,
egefge jk'vifr d 1dYik dk lIEefu
djuk pkfg,**A rRi*pkr cBd e
mifthr InL;k d ifjp; d I g
cBd dh dkjokb wkjEHk gbA
InL;&1fpo u xr cBd d dk;ofr ij
ppk d nkjku dgk fd BEetuuh; InL;k
dh dib ifrf@g;k] I>ko vFiok wkiflk
gk rk disk viu fopkj j[k yfdu
eluun; miflFkr OnL;k dh wvij 1 dib
viiftr ,o0 ifrfd;k u feyu ij Ifpo

00
,d ofdd dk;Pe
tjh djrk g] feld

ujkdkl] tte d dunh;
dk;ky;k@cdigmidek d IHa

dk;ky 51/ ; Odfglnt vEAdijhefgunh
vuolnd] filv o byDWfud eifv;k  vullj ge di;ky;k
d IH0 Tomnkrk rAk wi; xdell; e JkeiOk d di;

0;fDr mifLFkr FiA IEilu djr gA pfd

) ] Ijdijh diedit e
loifke cBd e miflFkr ITEUk dk

Lokxr Mk- vej flg] ofj- fgnh
vikdkjh ,0 Ifpo] ujkdkl] tte u
fd;kA mlgiu wiu Lokxr Nckku e
dokl ™fd bl cBd e iFe viy]
2011 1 30 flrecj] 2011 d nkjku
IHO dikysk B oikir ixfr fjikv
dh TenOk dh tk;xiA fglnh
di;losu I Hcfhr lel;kvk 1j

ey fVIi L wij qip. Al lal-aud 41HA
b+

dfy, folm TOWN (FF unum;untﬁ 'HFLLHLn TATION COMMITTEE

i;kx fd;k o
[ e,

ujkdkl] tte dn x‘g if=dk Kkuokrh \Ad 2 dk foekpu djn g,
ILfbu fun0d ,o v/;0] ujkdkl M- jie fo*odel ,o WU;
InL; dk;ky;k d dk;ky; iefk

dk gh
th,A ftld wirxr
Mgk 313% dk ge
Icdk vuikyu
Ifuf"pr djuk
pkfg,A Hikjrh; Ifo/lu e t iko/kku
fd; x; g blh d wvullj ge

u v/;0 egin; d wvuelnu ij xr
cBd d dk;ofr dn if'v diA

jkdkl] tte dh cBd e AKkuokrk* d vd f}r;

foekpu fd;k Xk;k Dk oh v/;0 egkn; u wU; InL;
dizky;k db jkeHd% xg if=dkvk dk Hib inOu fd;k wij
InL;k e forfjr dh x;hA

InL;&Mfpo] Mk- wvej flg u Ifefr
dk cri;k fd ekp] 2012 d wvflre
lirg e v/;0] ujidkl] tke
di;ky; ,0 di;ikyd funOd] iloj
fxM dijikjou] O=8AA] tEe]
dk;ikyd fun0d] ,u-,p-it-1i-
0=8A] tie diky;k d el/;e 1

ujkdkl di;ky sk d v/;000fpok di
Hih jkeHiOk IEeyu e vief=r dju dk
I>0 gA ;f mudk fyflkr =1 1
iLrio v/;0 egin; dk vk ri v/;0
ujkdkl dk;ky; d wvueknu 1 ;g
dk;@e Hh vk;kftr fd;k €;xA

Vilky Hkjri; dfo IEeyu] ;fudkv
ij if00.k dk;@e wiiftr fd;k
ti;xkA bl ckj e tYn gh Icfhr
di;ky;k 1 fopkj&fon fd;k tk;xkA
jreHiOk foHix] O=h; dk;Ho;u
dk;ky; favyh d el/;e I njHkO ij

b ori d vulij mrj 0= d A
! ViR 00 201082011 d nijiu dlini;




el/;e 1 infOor dju dk ,d ekx
i0Lr gviA ;g ge tFe&d'ehj

n[u dk feyt g gelj ujickl dh
uokrkt xg if=dkvdi 2 vkid 1ed
iLrr gA ble igy dh viOk vid
bekQk gvk g ble y[k ,0 jpuk,
Inj Oy e fyfic) dh x;h gA vix
Ho vkid lIg;kx 1 Kiuokrk d vd
vkj Bnj culu d 1;k1 jgxA

vir e 1M d ofj'B oKkud M-
vij-d-j6 u ItFku d fundd o0

ujkdkl] v/;0 Mk jke fo*odek t
dk f000 wiHkj 0;Dr djr g, dgk
fd mlgku oKkfud dk;k d wvfrfjDr

o0 201082011 d nijlujkeHddk urfr d J'B fu'iinu d fy, OWM ikir
djn g, Iy d fundd Mk jle fo"odek

dk;ky ;kdcdkmi@ek dk jkEHKOk unfr
d JB fuwilnu d fy, jreHioK
ijLdj ftle Y% Hkjrh; leor
viO/k ILFku] tEe] 42% wk;Dr]
lhek OYd ,o0 dinh; mRikn OYd
vi;Dry;] tie 3% vk;on O=h;
vul/u DLFku] tEe 4% ithc
ubuy cd] eMy dk;ky;] tfe o
d el 54 Hejri; LW cd]
i0klfud dk;ky;] the U6k bMILV;y
MoyieV cd wkQ bfM;k Jwvkb-Mi-ch-
vib-4] Ok[K] tFe 47% ikoj fxM
dijijou ViQ biM:k fyfew] tee
8% -, p-it-1tfyfewM] O=1:
dk;ty; 40=8AK] tfe Y9% Hijrh;
foeluilku iki/kdj. tie wifn
di;ky;k dk OYM o0 iek.&i=
v/;0] ujkdkl] tie Mk jle
fo*odek u inku fd,A blh ifji{;
e fgunh vi/kdkfj;kefgunh vuokndk
,0 fginh lot dfe;k dk v/;0
egin; u efjv iek.k&i= inku fd;A

ILFlw d fundd ,0 v/;0] ujkdkl
tle Mk jke fo'odek u IHikxkj e
miftkkr uxj d dk;ky; ie[k ,o
vi; x.kell; 0;fDr;k dk uood dh
Okdkeuk, nr g, viu v/;0n;
Ickhu e dgi] ™fd uxj jreson

di;llo;u Mefr ~x* 0= e gir g,
IHh InL; dksky:;k e jreHudk d
di;k e ixfr Huf"pr gb g wvij
geu viu ILFku e fglnh dh
egloi.k ilrd viu ilrdky; e
vyx | 0;oflkr <x 1 1/k ikBdk
d v/;;u gr ick fd;k gA vk
Ho bl yiHdflor gk Idr g ejk
IHh InL; dkkys;k T owvujik g fd
vii Hib viugviu diky;k e
KkuitB I ijLdr]

fgnh d wvuokn@vPN BkfgR; dh
iLrd [kjhnu dh 0;oLFk dj rkfd
fgnh d 1;kx dk c<kok feyA migku
viu eghoi.k I>ko e dgk fd ,d
Xi Vib-Mi-b-ey cukb tk;xnA ftle
IH0 InL; dk;ky; Te[k d wkb-M-
I Ifid fd;k t Idrk gA cBd
,0 VU; jkeHkOk e/ xfrfof/k;k
cM&cM dk;ky;k e wvik;ktu dju dk
I>k0 fn;kA flrEcj ekl d nkjhu
viid dk;ky;k e cgr VvPN&vPN
di;@e fgnh d 1;kx dk c<lu dh
Gk e fd, x; g] bl lifcr ghrk
g fd gekj n0 e fgnh d izkx ,0
vi; Hkjrh; HkOkvk d OCnk dik
vielkr dju rFkk tte&dehj jiT;
dh NLdfrd fofo/rk dk HWOkvk d

cBd d wvik;ktu gr wviuk egroi.k
le; f;k bld fy, ge mudk /;okn
djr g Ifk gh @edk I ijfelnj flg]
vk;Dr ek Ovd ,o0 dUnmh; mRikn
ovd] Jn ,1-1-flg] dk;lkyd fundd]
iloj fxM dijikjOu fyfevM] tke] Jb
vOd xIri] miegkickd] itic uOuy
cdieMy dk;ky;% tke] JIh wikj-,u-
en.k] eMy ic/d ;krk;kr] mrj jyo]
tle u wviuk eghoi.k le; fudkydj
cBd dk ,d ub Ok nh ge mud
WR;fikd viHkjh g rAk ujkdkl tte d
IHh dunh;  dk;ky;kecdk@mi@ek d
dk;ky; ie[l] fgunh vi/kdifj;kfgunh
vuokndk ,0 uxj d filv o hyDVkud
enfM;k d IHO Boknnkrkwk jiM;k
d*efj] njnbu din] tte u cBd d
dcjt dju e wviuk egloi.k Ig;kx
inu fd;iA ge mudk fo00 ViH
0;Dr djr gA ILFku d IHh Bdk;
InL;k dk ftghu cBd d wk;ktu gr
fofHu idkj 1 wiuk 1.k Bg;kx inku
fd;k g rfk ILFku d ofj- fglnh
vifkdkjh ,0 InL; Ifpo] Mk- vej flg
rik lelr LVKQ InL;k dk viHky Bfgr
M;okn fd;k A




x.kr= ol dh 6201 oOxkB df
ilou volj ij ILFku d funOd
Mk- jke fo*odek u miflLFr HHM
X.kell; 0;fDr;k ,0 IHh LVKQ
InL;k dk giind OHkdkeuk, nr g,
dgi fd vkt d fou gekj nd dk
Ifo/lu ykx gvk FKA 26 tuojh]
1950 dk geu ,d Wirfoji/ik d
tiou e 100 fd;k FkA ge x.kr=
fnol 1j dN u; IdYi yu gkx
ftu 1j vey dj vki ,d VPN
ukxfjd cu jg rifd ki jK'vV fuek.k
e vkidh Hfedk jgA fdlh
ykdrif=d] itirk=d n0 e fof/
eluo thou dk vk gkrk g tcfd
fdlh n0 d diuu dk Kiu TH®
ukxfjdk dk gk rifd o wvud idkj
d vijiik 1 cp IdA Hkjr e ub
fof/k 0;0LFk ,0 ekfyd wvf/kdijk
dh i.k LAkiuk Ifo/ku e 26
tuoj] 1950 dk ykx gu d Bk
gk pdh A ghykid midk vifOd
o1 e 1dkjEHk 26 uokcj] 1949 dk
oh gk x;k Fk tcfd lekftd]
VIfFkd] Usk;Kf;d rFlk jktufrd nf'v
I Higrh; 1jEijk e ;9 ,d u; ;X
dk 1= ikr gvk] D;kfd gekjh fof/k
0;oLFkk e o dky diuu vkj
velufdd 0;ogj fufd) gk x; F

X.kr="fnol Iekjhg

x.kr= fnol dh 620h oOxiB d volj ij Icikr djn g,
fundd Mk jke fo*odek

- .

IR d

felgku wvineh dh xfjek ifr"Bk rFik
elug&lEelu dk u'VEH'V dj fn;k FikA

Ifo/ku fof/k dk e/ ik;% fdlh nO
d Oklu ,o diuu 0;0oLFk 1 ghrk
gA Mo/lu fyf[kr akzi] 1y[k ;k
fu;el] ykdkpkjk] TjERjhvE Wi
0;ogkk 1j wi/Mfyr gk Idrk gA
ble mu fofo/k fu;ek dk Ixg gkrk
g ftud wvulij ml n0 db Oklu
0;0LFk Ipkyr dh tkri gA og
Oklu d Bjpufed ,o0 dk;led 0k
dk foLrr Lozt rRk IxBu fu/kdfjr

wij-vij-,y-gib Ldy d cPpk Hjk liidfrd dk;@e dh

cil2 126 \w
,d >yd

Ifo/u dk fuek.k Ifo/ku IHK db
ifke cBd 9 fnlEcj 1946 dk WkjEHk
gb rc ;g meein ugh Fh fd M-
vicMdj dh Hifedk brun Tid o0
ful;d jogxb ftrun di dkykrj e
fl) gbA blg Hfo/ku ik IMKIVY
Ifefr dk v/;0 cuk x;k ftigu u;
Ifo/u dh lelr fuek.k 1f@;k e mud
fopkj&foed rrk elfyd 10Kk e
egloi.k fu.k; Lo; fy, wvij Hfolku
Itk 1 ikfjr djok, Ifo/kku 25 uokcj
1949 dk cudj r;kj gvk rc mud io
vud InL;k u Mk- wvEcMdj dhb
c)d Oeri] yxu] Kiu] IgHkfxrk rrik
jpuked Hifedk dh fo00 Hjiguk dh
vij mlg BfoMu dk e[; fOYidkj rFk
vi/ifud eu dh IKk ntA fublUng M-
vicMdj Ifo/lu d e[; fuekrk funOd
dg x;A

orefu Ifo/u wij x.kr= dh me wit
jhr 12 ct 61 00 i.k gixA fdl
x.kr= db 1Qyri@gvIQyrk d fy, 61
00 dh vof/k de ugh gkrhA wktknh

d igy 562 fj;klr] jkT; jtokM F
Ijnkj vy u viu ikl 1 mlg

Hijrh; KV e feyk;kA vkt gekjh

hek, fQj Hh vOr g iollkj jiT;k e
ckzmh xn g tgk virfjd 1jOk [krj
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e g rAk fonOh Ho gekj ixfr ,o
fodkl d fy, xHbj ugh gA
jkeufrd] leifed] ckf)d rik
liLdfrd O=k e bu viHyiOkvk d
ik dj Id tgk vOd p@ diuu
0;0LFk d /kep@ dk ifrfuf/ifo
djrk g ogh Hkxok jx R;kx dk
irid g rik gjk jx fewWh iM&ik/kk
I gelj tMko dk irhd g ftl ij
IEi.k thou fulj g ge vieluOklu
vij IR; d fy, 1Qn jx 1
funfOr ghuk pkfg, blh idkj ge
lcdk IxBr ,o0 Hkod gkdj
JK'V&fuek.k e ;kxnku nuk gkxkA

vkt gekjk Hijr c<r fonOn enk

M) Bpuk ik|kixdh d 0= e
foki ixfr d fy, fodflr nOk
dh Hikfr mlufr di niM e wix

k g ogh 0;kikj wvk]kixdndj.k
vij fuod e c<irjh gb g yfdu
vix Hh ixfr di niM e vix
c<uk gA fukllUng Hkjr wiiFd
nf'v. 1 BEilu gkrk g rk oKkfud
0= e wvul/Mu d fy, wiffd

<p dk vkj vikd etcr dj
ldxiA ge i0u dju dk die
dju dk €Tck feld cy i1j ;ok
@ifrdifj;k u viktknh fnyku d
fy, Ig;kx fn;k FHA wkt ifrLink
dk ;x g ge ifr;kxh cudj

uxj jkeHWOk di;losu Ifefr] Hijrh;
tfe d rioto/Mu e wvk;dj dk;ky;] tie ,0 Itek Ovd

;0 dinh;

Ifeyu@;fudiM if00.k dk; e

leor ViO/k

IQyrk ikir dj Idr g ge fujk0
ugh gkuk pkfg, ;g9 eoelv ge
fl[krk g fd ge fujlrj i;kl dju
gx Ipuk vij ik|kixdi] dff]
LokLA] OOk fokiu d O= e Hijr
Vix c<k gA

vr bl frgfld volj 1j tifr]
ox] HKOK ke wij O=h;rk d rPN
HnéHiko 1 Aij mBdj Okfur] lef)
vij ixfr d ekx ij pyr g,
jkvh; . drk o v[k.Mrk dk etcr
dju d fy, Hrh; Ifo/lu e
infr ykd dY;k.kdkjh OfDr:k dk
etcr cukuk gA

I LFihu]

mikn Ovd] tte d Iktl; 1 jEHOK

if00.k dk;@e dk mn%vu djr g, IR d fundd ,o0 v/;0] ujkckl Mk jke fo odell A

ILFlw d fundd ,0 v/;0] ujkdkl
M- jle fo'odek Aif0O.k dk;Qe

dk mn?Vu 29 ekp] 2012 dk krk
9-30 ct wkb-vib-vib-,e-] tie d

diWYl gy e dk;@e dk OHkjEHK
M- Jhd".k fuey] mifOOk vi/kdkji]
ub fnYyh Hjk BjLorh onuk xk;u 1
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ILFlu d funOd Mk- jke fo*odek
u nhi&iTloyu dj dk;@e dk
mn?kvu fd;kA rRi“pkr 1"i&xPN |
tte d wvk;dj vk;Dr Ji jfo
ljxy u ujkdkl v/;0 M- jke
fo*odek dk Lokxr fd;iA Mk wvej
flg] ofj- fginh vi/kdkjh ,0

InL;&1fpo] ujkdkl] tee u IHkxkj e
miflFkr fof0"V wfrffk:k o0 ifrHikex;k
dk Lokxr fd;kA

uxj jeeHkOk dk;lou Ifefr Hkjrh;
leor viO/ ILFku tfe d rioko/ku
e vk;dj dk;ky;] tte ,0 Ihek Ovd




jle foodek u  wvk;Dr liek OYd ,o dinh; mRikn
diA bl volj  Ovd] tfe@Jdiuxj u viu Icku e
1j vk;dj v/;0 egin; ,o mifltkr ITtuk dk
dk;ky;] Lokxr djr g, dgk fd ;g if00.k
te@Jhuxj d dil;vj 1 Icfhr g D;ifd iR;d
vi;Dr Jn jfo  dinh; dk;ky;k e dEl;Vy) d el/;e |1
Ijxy] Thek dk; dju dk okrkoj.k cuk g wvkj bl
OYd ,o dinm; if00.k d e/;e 1 ;fudiM di lel;k
miln OYd] vij mid leWdu d fy, ;g if00.k
- : % tte@Juxj d  mizkxh gA eu Lo; vudo fd;k g fd
Auddl 0L dlife o tofir dir 9, i d wdd | vipr gy tee ujididl ep d eise I jrtHiox
ijfelnj flg di mufr d fy, VPN dk;@e
IiMi rFk ILFu d ofj- oKkfud viiftr fd; t jg gA migiu v/;0
M- wkj-d-j.k Had
mifLFkr FkA

,0 dinh; miikn Ovd] tke Iktl;
I foukd 29&30 ekp] 2012 dk
jeHkOk MEeyu@;fudiM i100.k
dk;@e dk vik;ktu fd;k x;kA bl
if00.k dk;@e e ujidkl tfe d tite d vi;dj vk;Dr]
dunh;  dk;ky ;kecdkgmi@ek rFk Ji jfo lijxy u
ILFhu d vi/kdifj;iedeplj;k o IHixkj e mifLFr
JheHOk 1 Ic) inkiAdKsk u Hkx  ITRuk 0 ifrHikix;k
fy;k ftle oDrivk d fo0; fueu  dk Lokxr djr g,
idij gi& jretOk d diozu e viu lIckhu e dgk fd 3
SfudiM o miskixr] fgini d ;g di;e uxj te ,0 d'dj d vicdj vicDr Ji jfo Tjxy
di;llo;u e :fudiM dh leL:k ,o  jkeHkOk dk;kosu viu fopkj 0;Dr g, A

letiu] jeHiOn di;iou e Hifod  Ifefr Higrh; leor egin; di viHkj 0;Dr djr g, IHd
150k L0 0;logifjd Lo:i] VIOA- Il e ep d elfie 1 g o L1 00 dis ek e
jreHiok uifr d ifji{; e ;fudiM  vkifEr fdsk t joi g bld Hix yu I Lo; much dk; dju dh
ij.klr IR d
fundd vkj ujkdkl a
d v/;0 M- jle ;fudiM 1f00.k dk;@e d lefiu
fo"odek th dk volj 1j v/;0] ujkdkl Mk- jke
gind c/b nr g, fo'odek u IH@ if00.MfFk;k ok iek.k
miglu dgk fd mud 1= inku fd;A

lgsix B uxj ey ilrio IR d ofj'B oKifud

d BH0 dinh g Viede u IR d fundd o

dickysk e JRediot /-6 jidi tie Mk jie fo"odek

, d dillosu e t u bl if60.k disZe e viuk

ek OYd ,o dinb; mRikn QY tre@Juxj d vik;Dr Jb eghoi btk,Qk gyk veY; le; fjk vk ;9 dk;@e mugh
ijfelnj flg LMh viu fopkj 0;Dr g, gA mud fnOk&funO d exnou I IEilu gviA e nud ifr

eglolk gl pid 0 e 0-pr djrc gA I jo Ny
d okdud gir g, 0 JEHOE A g in e 0 b diege e

Ixfr-e mud B mdVogh Mo e g rme i ci 1 dice
IHi !fr;kfx;k dk 1f00.k yu wkj d viktu e viuk o fzk ge
jkeHkOk d dk;k e skxnku dju d nud cgr g ViHji g I ijfeln]

~ fy, vidu fd;iA flg 1M vi;DrA bl if00.k e
di;ge dh v/;0rc 1w d iitelni I;0r =i 1 vifid Bg;ix intu fds

) o . Jn ajfelny flg ki)
fun0d ,0 Vv/;0] ujkdkl tee Mk

Oerk e of) gkrh gA

di NiFkdri] 1% dh jeHkOk vk
gekjk nkf;Ro]  oKkfud ,0 rdundh
ILFkuk e fgUnh y[ku dh Hfedk
vifn fo0;k ij wief=r 0;k[;krkvk
u viu 0;k[;ku ilrr fd,A
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tie ,o0 dehj d vi;dj vk;Dr Jdbn jfo Mkjxy IFlu d fundd ,0 v/;0 ujkdkl Me jie fo*odek u ;fudiM
viu fopkj 0;Dr g, A if00.k dk;de e ifrHkix;k dk iek.k i= inku djn g,A

Vkj viuk miskxh le; fnjk ge loknnkrkvk dk /WW;okn fd;kA dk;@e  ge viu ILFku d BTHO Bg;kxh c/hvk
mud fo00 wiHjh gA mlghu u d L;ktd M- wvej flg] dk viHkj 0;Dr djr g] ftud
if00.k e miflFr okg; Idk; d InL;&0fpo] ujidkl] tre ftlghu bl ekxnOu ,0 Ig;kx 1 ;g dk;@e

ti e vief=r if00.k dk;@e d wi;ktu e 000  cgrj <x 1 IEilu gvkA

0;k[ s kudrkvk@afrHatx k- rFik iffJe dj dk;@e IQy culu e

byDVkfud ,o0 filv ehifM;k d IH&  wiu nkf;Rok dk fuokgu fd;k rFk

Hikjri; leor wkO/k ILFdu] tfe d rRoko/Mu e ikoj fxM
dijikjOu] O=8AA] tfe ,o ,u,pifll] O=8A] tfe d

Iktl; 1 vifly Hijri; dfo Ifeyu

forodek u diA  e[; icAd] ikoj fxM dijikjOu] tfe

mifLFfr  Jkrkvk ik v/;0 egin; dk Oty HV dj

,0 Jk'Vh; dfosk Itelfur fd;kA rRi*pkr M- jke u

dk Lokxr Mk dfo Iteyu d Ipkyu dk dk;Hij

vej flg] ofj- jvo; Ir dfo M- cginj flg funkOn

fom viAkdkjh ,0 ok BkikA Mk- funkOh € u mifLFkr

InL;&lfpo o dfo;k dk 1"iekykvk 1 Lokxr fd;kA

I;ked u fd;kA  wvir e miflfkr dfo;k dk ILFku d

ftle jkvh; Lrj  fundd ,0 Mteyu d v/;0 Mk jk

d uk dfo;k di fo*odek u IH0 dk Oty ,0

villy Hijrt; dio Reeyu b v/;0rk djn g, WAk Vl_@f:r fd:l Lefréfplg HV fd;A jii; 1 dio
d fun0d ,o ujidkl v/;0 Mt jie fo*odek A X;kA loiFke Mk M- funkOh u Mk- fo"odek th dk

R jke fo"dek u ek Lefr&fplg HV dj NEekfur

uxj JrediOk disiosu Biefr] ljlort d Lozi ij evshik dj  fd:iA

Hkjrh; leor wkO/ ILFku] tte d ijEijicr nfV 1 migiToyu dj

vitMViij;e oky Ek 30 ekp] 2012 dfo Neeyu dk mn2vu fdl:iA

dk Ik; 5-30 ct e vi[ky Hkjrh; mitpir jOVi; Ir dfo Me cginj

dio lteyu di viktu fd3k XA g0 funcn o iviaxeN 1 dfo

dfq Iteyu dh v/;Ork~ILFkku d Iteyu d v/;0 M fo'odek i

fun0d 0 ujtdkl] v/;0 Mk jle g Loixr fdik L0 31 ,1-d- cly]

ILFku d funOd ,o0 dfo Iteyu d
v/;0 M- jle forodek u viu
v/;00; Ickhu e miflFkr jkvh;
dfo;k ,0 Jkrkvk dk Lokxr djr g,
viu Ickhu e dgk fd ,1 jk'Vi; Lrj
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d dfo lteyu vki lcd fy, vij
gelj fy, ,d ;knxij cudj jgxA
miflfkr dfo;k dh ok.ki mudh

iLrfr gelj eu dk rk iHkfor fd;k
gh g mudh jpukvk u ge ,d bk
ntA ge /;kuelu gkdj dfosk dh
jpukvk dk lur g vkj euu djr

D;kd ge oKkiud g wvij geu
dfo;k d Hjk iLrr mudh BHO jlk
I ;Dr di0; mDr;k dk jlkLoknu
fd;kA mighu vidu djr g, ep 1
MO.K dh fd ;g dk;@e volj
viu ij 1uk vikkier fd;k ;XA

egin; dk vidky 0;Dr djr g, dgk
fd dfo Ifeyu d ekxnOu d fy,
cgeY; le; f;k I gh dfosk ,o
Jirkx .k dk viHikj Ifgr /d;okn fd ;KA

g] fopkjr g fd gekj fy, dju
:; minOiked In0 D;k g\
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Director inaugurating the IlIM Foundation
Day celebration weak at the Badminto Court

Director shaking hands with the players of I11IM cricket team playing a friendly match with
the J&K Armed Police

The chief guest Dr C. M. Gupta Distinguished Dr. S. K. Brahmachari, DG CSIR meeting the
Scientist being welcomed by Dr Rm Vishwakarma representatives of the Pharma Industry at Jammu
on CSIR-11IM Foundation Day




Hon'rable CM of J&K state Mr Omar Obdullah on his visit to 11IM, Jammu and interacting with the
Scientists andStudents of the institute

Director Dr Ram Vishwakarma explaining the Chief Minister Laying the Foundation Stone of the
activities of the institute modern Animal House at I1IM

First Meeting of Scientific Advisoy Committee to Chief Minister releasing the Vision Document on
Chief Minister being held at 11IM 'Harnessing Biodiversity and Biotechnology for
Progress of Jammu and Kashmir State'
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