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Dioxygenase-Derived Chiral Metabolites

Abstract
 Aromatic and chlorinated aromatic

compounds are used in large quantities as
herbicides, pesticides, and solvents, and
distributed in the biosphere due to these industrial
activities contamination.  A broad range of
peripheral reactions results in a restricted range
of central intermediates, which are subject to ring-
cleavage and funneling into the Krebs cycle. Key
enzymes in aerobic aromatic degradation are
oxygenases, preparing aromatics for ring-
cleavage by the introduction of hydroxyl functions
and catalyzing cleavage of the aromatic ring. The
regio- and stereo-specificity of dioxygenase
enzymes revealed that these enzymes are an
important class of biotechnology. These Enzymes
that are capable of catalyzing the insertion of
oxygen into aromatic substrates have many
potential applications in pharmaceuticals
manufacturing, production of chemicals and also
in medicine. The regio- and stereospecific
oxidation of an unactivated aromatic compound
is very difficult to accomplish using conventional
chemical techniques, which typically produce an
array of byproducts that must be separated and
destroyed. Their potential for derivatization
through arene functionalities makes cis-
dihydrodiols valuable synthetic building blocks for
the synthesis of biologically important pinitols,
conduritols, and acyclic  as well as the drugs
indinavir  and pancratistain, screening methods
for Dioxygenase enzymes, a product of an
oxidation reaction is converted into a phenol or a

catechol, which is easily detected by a Gibbs
assay. This conversion allows for a sensitive and
efficient assay. Also methods for detecting
phenolic ether-products and sulfhydryl products
from oxidation reactions by using a Gibbs assay.
.
Keywords: Ring hydroxylating dioxygenase, cis-
dihydrodiol, Indinavir, Indigo.

Introduction

Most of  building blocks of biomass are
aromatic compounds, which are widely
distributed from low-molecular mass compounds
to polymers in nature, and mostly are found as
aromatic amino acids, xenobiotic compounds
and lignin components in higher plants, which is
second most abundant polymer in nature after
cellulose, comprising about 25% of the land-
based biomass on Earth (1). The recalcitrant
organic matter formations in soils  is due to lignin
degradation, aromatic compounds from other
plants  and decomposition process. The aromatic
compounds are the most stable and persistent
organic pollutants which comes from  aromatic
amino acids and extensive use of natural and
xenobiotic aromatic compounds in industrial
processes, in addation to inadequate waste
management strategies.

The degradation of aromatic polymers is
an important component of global
biogeochemical cycles and is accomplished
almost exclusively by microorganisms which play
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important roles in the degradation and
mineralization of xenobiotic and aromatic
compounds in natural environments and such
capabilities can be used for the clean up of
contaminated environments (bioremediation).
Bioremediation is considered as a relatively low-
cost technology, which usually has a high public
acceptance and can often be carried out on site.
Bacteria have evolved diverse strategies to
degrade aromatic compounds using its huge
catabolic diversity relaxed substrate specificity
of some of the catabolic pathways, and thereby
derive carbon and energetic benefit from them.
Two key steps for the bacterial degradation of
hydrophobic aromatic pollutants is usually
initiated by dioxygenases, which utilize molecular
oxygen as a required substrate adding both
atoms of O

2
 to the aromatic ring. In general, this

reaction is the most difficult in the degradation of
aromatic compounds, and the addition of
hydroxyl groups to the highly stable aromatic ring
structure activates the molecule for the further
second step which is  oxidation and eventual ring
cleavage. The activation of aromatics is usually
catalyzed by members of the super family of
Rieske non-heme iron oxygenases.

Rieske non-heme iron oxygenases : Members
of this super family are known to overall oxidize
hundreds of substrates including linked and fused

aromatic, aliphatic olefins, and chlorinated
compounds and are distributed among a variety
of Gram-negative and Gram-positive bacteria
capable of degrading key classes of aromatic
pollutants. Rieske non-heme iron oxygenases
are soluble, multicomponent enzyme systems
comprising two or three separate proteins, and
require oxygen, ferrous iron (Fe2+) and reduced
pyridine for catalysis. These enzymes consists
of an electron transport chain (Fig. 1),  that
channels the electrons from NAD(P)H to the
catalytic terminal oxygenase component where
substrate transformation take place (2, 3, 4).
These terminal oxygenase component and
different electron transport proteins, usually
catalyze the incorporation of two oxygen atoms
into the aromatic ring to form arene-cis-
dihydrodiols (Fig. 2) a reaction which is followed
by a dehydrogenation catalyzed by cis-dihydrodiol
dehydrogenases to give (substituted) catechols.
Since decades, Members of the Rieske non-
heme iron oxygenases are  known to be involved
in benzoate degredation (5), then 1-carboxy-1,2-
cis-dihydroxycyclohexa-3,5-diene (benzoate-cis-
dihydrodiol) was formed (6).   Similar two-
component enzyme systems (Fig. 1) are
responsible for 1,2-dioxygenation of anthranilate
(7), an intermediary metabolite of tryptophan
degradation and a precursor for the

Fig. 1. The bacterial degradation of hydrophobic aromatic pollutants is usually initiated by
dioxygenases, which utilize molecular oxygen as a required substrate adding both atoms of O2 to the
aromatic ring to form cis-dihydrodiol.

Dioxygenase-Derived Chiral Metabolites
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Pseudomonas quinolone signal (8). Many Rieske
non-heme iron oxygenases have been
characterized, and classified, its classification
system was based on the components of the
electron transfer chains present in the Rieske
non-heme iron oxygenase systems either two or
three, this classification system was rather
suitable as long as only a small number of
enzymes were known. Two-component
(reductase, oxygenase) and three-component
(reductase, ferredoxin, oxygenase) enzyme
systems could be differentiated and these
classes were further subdivided based on the
number of proteins comprising the oxygenase,
the type of flavin moiety (FAD or FMN) present
in the reductase, the presence or absence of an
iron-sulfur center in the reductase, and the type
of iron-sulfur center present in the ferredoxin.
However, with the increasing number and
diversity of enzyme systems characterized and
the presence of new enzymes with unusual redox

partners that do not fit into the original
classification it became obvious that such
classification was not useful anymore. Moreover,
it became clear, that the components of the
electron chain are not determining substrate
specificity, but was to a certain extent
interchangeable between different Rieske non-
heme iron oxygenase systems. Werlen et al (9)
proposed a classification system based on
sequence alignments of the oxygenase á
subunits, differentiating four families
(naphthalene, toluene/benzene, biphenyl, and
benzoate/toluate). Since the oxygenase is the
catalytic component and the  subunit plays a
major role in determining substrate specificity (10,
11) these classifications are based on the
catalytic activity of the enzymes. Further analysis
based on -subunit sequence comparisons
confirmed that the grouping of the oxygenases
largely correlates with the respective substrate
preferences (2, 12). Also Gibson and Parales

Fig. 2. The potential of cis-dihydrodiols for derivatization through arene functionalities makes
    them valuable synthetic building blocks for chiral drugs and specialty chemicals.
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distinguished four families. Group I, or the
phthalate family, comprises Rieske non-heme
iron oxygenases that contain only  subunits.
Substrates for this diverse group of enzymes
include several aromatic acids such as phthalate,
p-toluate, and phenoxybenzoate, but also
carbazole and 2-oxo-1,2-dihydroquinoline. Group
II, or the benzoate family represents a cluster of
enzymes with activities toward various aromatic
acids. Naphthalene, phenanthrene, and
nitroarene dioxygenases clustered as group III
and were termed naphthalene family. Biphenyl,
toluene and benzene dioxygenases were
observed to be highly similar in sequence and
thus grouped as one cluster (Group IV or the
toluene/biphenyl family). With the increasing
interest in microorganisms capable to degrade
aromatic pollutants as well as naturally occurring
aromatics, however, various enzymes were
characterized in the recent years, which were only
distantly related to above described oxygenases
(4). Some initial dioxygenases and other catabolic
genes share the chain for the transport of
electrons  as in case of the naphthalene
dioxygenase and and salicylate 5-hydroxylase
(13).

Pharmaceutical applications of dioxygenase:
Aromatic-ring-hydroxylating dioxygenases have
proven useful in a number of biotechnology
applications. The basis for most applications
depend on the stereoselective cis-dihydroxylation
of nonactivated aromatic compounds, which is
unique to this enzyme while they catalyze an
impressive array of different reaction types.
Examples include dioxygenase-catalyzed
synthesis of chiral intermediates for the
preparation of natural products,  polyfunc-
tionalized  metabolites, and pharmaceutical
intermediates; expression of recombinant
naphthalene dioxygenase (NDO) in an
engineered bacterial strain for the production of
indigo from glucose; and target-specific
biodegradation of environmental pollutants.

Enantioselectivity  of the  dioxygenase: The
fine chemicals, natural products, pharmaceutical

intermediates, and biologically active compounds
can be prepeared using Dioxygenase-derived
chiral metabolites (Fig.2). The use of
enzymatically formed cis-diols in enantioselective
synthesis has been the subject of a
comprehensive review (14, 15) a wide range of
cyclitols, conduritols, conduramines, inositols,
heteroatom carbohydrates, alkaloids, and a
variety of natural products were  synthetic
designed via dioxygenase-catalyzed cis-
dihydroxyation and their application in
asymmetric methodology for the synthesis of the
cis-dihydrodiols of dictamnine and 4-
chlorofuroquinoline yielded phenolic derivatives
from which a range of furoquinoline alkaloids
were synthesized (16). A summary of recent
progress in the synthesis of morphine alkaloids
included the use of several metabolites derived
via dioxygenase biocatalysis. Cyclohexadiene
cis-dihydrodiols of phenethyl bromide and
bromobenzene, as well as 3-bromocatechol
(produced by a strain overexpressingTDO and
DDH), have been employed as synthons in two
separated synthetic strategies to produce
advanced intermediates for the synthesis of
morphine alkaloids (17). The biooxidation of 4-
bromoanisole by recombinant E. coli expressing
TDO and DDH yielded p-methoxybromocatechol.
This functionalized catechol was coupled with
trimethoxyphenylacetylene in convergent
syntheses of combretastatins A-1 and B-1,
members of a class of oxygenated natural
products with potent cytotoxic activity (18). An
efficient chemoenzymatic  synthesis of
strawberry furanone (4-hydroxy-2,5-dimethyl-2,3-
dihydrofuran-3-one), a naturally occurring flavor
compound, was enabled through directed
evolution of TDO and tetrachlorobenzene
dioxygenase operons that yielded improved
enzymes for the conversion of p-xylene to the
requisite diol synthon, cis-1,2-dihydroxy-3,6-
dimethyl-3,5-cyclohexadiene  (19).

Indinavir production: Cis-(1S)-amino-(2R)-
indanol formation as a result of  biocatalytic
production of enantiopure (-)-cis-(1S, 2R)-
indandiol, which is a precursor  for Merck’s HIV-

Dioxygenase-Derived Chiral Metabolites
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1 protease inhibitor Indinivir Sulfate (Crixivan)
(20). Pseudomonas putida F39/D or E. coli
harbouring  tolune dioxygenase (TDO) revealed
that wild-type TDO oxidized indene to (-)-cis-(1S,
2R)- indandiol (~30% ee) and (1R)-indenol as
the main products, with traces of 1-indenone
formed ( 21, 22). As a result of indene conversion
by wild-type P. putida F1 about 98% of (-)-cis-
(1S, 2R)-indandiol was obtained (20), also (-)-
cis-(1S, 2R)-indandiol was obtained as
coexpression of dihydrodiol dehydrogenase
(DDH) together with Tolune dioxygenase in E.
coli (22). As a result of kinetic resolution catalyzed
by DDH that is selective for the undesired (þ)-
cis-(1R, enantiopurity of (-)-cis-(1S, 2R)-indandiol
was increased at the expense of total indandiol
yield (22). Directed evolution was used to select
the variants of TDO that produced. The reduced
amounts of the indene by-products 1- indenol and
1-indenone, while maintaining high (-)-cis-(1S,
2R)-indandiol enantiopurity was selected in
variants of TDO using directed evolution (23).
The variants that produced significantly more cis-
indandiol relative to the undesired by-product
indenol were obtained after three rounds of
mutagenesis. To favor the production of the
undesired (+)-cis-indandiol enantiomer,  the
stereoselectivity was altered (23). The elimination
of indene formation of indene by-products with
the limited yield about 60% (-)-cis-(1S, 2R)-
indandiolwas not achieved either with these
strategies or the application of oxygenases from
Rhodococcus strains (24). TDO-catalyzed
enantioselective monohydroxylation of 2-indanol
to (-)-cis-(1S, 2R)-indandiol is the alternative
route to the vicinal aminoindanol. Preparation of
chiral 1-hydroxy-2-substituted indan
intermediates by this reaction is the basis for this
process (25). P. putida strains UV-4 (26) and F39/
D expressing TDO oxidized 2-indenol to (-)-cis-
(1S, 2R)-indandiol in >98% ee and >85% yield;
minor products included trans-1,2-indandiol
(<15%) and 2-hydroxy-1-indanone (<2%) (27).

Indigo production: E. coli strain expressing
NDO from Pseudomonas sp. NCIB 9816-4 was
for the first time discovered that it can oxidaize

of indole to indigo was first shown in recombinant
(28). NDO oxidized indole to an unstable cis-
dihydroindolediol that dehydrates to indoxyl, and
subsequently undergoes spontaneous oxidation
to indigo. Dioxygenases catalyze this reaction
and by colorimetric test has been widely utilized
for detection and isolation of strains expressing
mono- and dioxygenases, and in screening for
mutants of these strains (Fig. 3).  Commercial
interest in the reaction led Genencor International
to genetically engineer a cost-competitive,
multistep pathway for the production of indigo
from glucose in E. coli (29). The process for
indigo production was based on a recombinant
E. coli strain in which the tryptophan pathway was
modified to allow a high level of indole production
and cloned NDO from P. putida was expressed
(29). Numerous modifications were made to the
strain to improve metabolite flux, eliminate the
formation of the by-product isatin, and ultimately
increase the production of indigo to levels
exceeding 18 g/L. Despite the technical success
of the process, the commercial production of
indigo has not been implemented at an industrial
scale.

Hamdy A. Hassan

Fig. 3. Production of Indigo using Naphthalene
dioxygenase from Indole



394Current Trends in Biotechnology and Pharmacy
Vol. 6 (4) 389-397 October  2012, ISSN 0973-8916 (Print), 2230-7303 (Online)

Dioxygenase and new biodegradation
pathways: The engineering  new pathways for
the degradation of recalcitrant compounds have
been used by aromatic hydrocarbon
dioxygenases. Cloning of Genes encoding TDO
from P. putida F1 and cytochrome P450cam into
the genome of Deinococcus radiodurans, in  the
presence of high levels of radiation this
recombinant strain was able to degrade toluene
and related aromatic hydrocarbons (30). An
engineered strain Deinococcus radiodurans has
obtained as results of cloning and expression of
mercury resistance gene (merA) together with
the TDO genes, this strain has the ability to
remediate mixed radioactive waste containing
aromatic hydrocarbon pollutants and the heavy
metal mercury. Genetic engineering was used
to modify many bacterial isolates, that have the
ability to degrade few number of aromatic
hydrocarbon pollutants to increase the ability of
these isolates to degrade a broad range of
aromatic pollutants.  When a constructed
cassette, carrying genes for the conversion of
styrene to  phenylacetate,  was  introduced into
P. putida F1 carrying the TOL plasmid, the
engineered strain was capable of growth on an
expanded range of aromatic hydrocarbons,
including benzene, toluene, ethylbenzene, m-
xylene, p-xylene, and styrene (31). The preferred
gene cassette, which harbour the interested
genes system was applied to a mini-transposon
to increase the expression of the function genes
caste and eliminate the undesirable expression
of horizontal transfer among bacteria in the
environment through genetic engineering. Such
a strain could prove useful in the bioremediation
of low molecular weight aromatic hydrocarbon
pollution.

Conclusion
Multicomponent aromatic-ring-hydroxy-

lating dioxygenases are class of enzymes holds
significant promise for oxidize aromatic
hydrocarbons to vicinal arene cis-diols are of
paramount importance in providing the scientific
foundations necessary for the development of

bioremediation technology and in green
chemistry by the ability of many of these enzymes
to form pharmaceutical compounds in high
enantiomeric purity are of great interest. To
achieve this target either by identification an
enzyme that oxidizes aromatic compound
substrate to produce a specific product, the
important thing firstly  one can attempt to isolate
a new bacterial strain with the desired ability,
secondly screen the large number of well-
characterized dioxygenases that are currently
available, thirdly  modify an available enzyme
known to have   activity by random mutagenesis
methods (13, 32, 33) or by rational design, taking
advantage of the growing number of available
dioxygenase crystal structures (34, 35, 36).
Finally, If you did not need to isolate and
characterize the host bacterium, you can screen
by metagenomic libraries (37, 38), especially with
samples from diverse environments, may allow
the identification of new dioxygenases with useful
activities. Many steps are required to develop
viable and economical commercial processes,
once an enzyme with the desired selectivity is
obtained. Efficiency can be realized through high
protein expression coupled with process
development. Overall productivity may also be
increased by improving the activity or
thermostability of the enzyme, or by reducing
product inhibition. To get more product and
determine which material will be used  either
purified enzymes or whole-cells, the well-
designed process must take into consideration
two things, firstly the multicomponent enzyme
and the NADH requirement
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T cell response to oncoprotein

Abstract
Immunotherapy is intensely being

considered for either a stand-alone or
supplemental treatment of HPV associated pre-
cancers and cancers. The aim of the study was
to enquire whether S. typhi Ty21a engineered to
express the HPV 16 E7 (Ty21a-E7) elicits T cell
response to the oncoprotein. The codon
optimized synthetic HPV16 E7 gene was cloned
in an expression vector under a constitutive
promoter (P

tac
). Female mice of strain C57BL/6

were immunized intra nasally with Ty21a-E7. The
cell mediated immune response was evaluated
employing the IFN-Elispot assay. Splenocytes
were stimulated with the affinity purified
recombinant proteins, either GST-E7 or GST
expressed in E. coli BL21. The HPV 16 E7
specific IFN secreting- spot forming cells (SFCs)
obtained on stimulation with purified GST-E7 in
the Elispot assay was 240 (±6.92) cells/million
splenocytes, significantly higher (p< 0.01) than
the number for splenocytes stimulated with GST
(67.3 ±26.40 cells/million). The antigen specific
T cells were found to be predominantly of the
CD4+ T cell type. The results show E7 specific
CMI response in the mouse model of study. To
our knowledge this is the first study reporting CMI
response in mice to an HPV oncoprotein
delivered by S. typhi Ty21a- the live-attenuated,
oral, typhoid vaccine strain.

Keywords : HPV 16 E7, Elispot, T cell response,
CD4+ T cells, Ty21a-E7.

Introduction
Infection of the high-risk genotypes of

human papilloma virus (HPV) is a pre-requisite
for cervical cancer (1, 2). The high-risk HPV
genotype 16 (HPV16) contributes to nearly 50-
56% of all cervical cancers (3). The latest
consolidated global cancer statistics,
GLOBOCAN 2008 ranks cervical carcinoma, the
third most occurring cancer in women.
Approximately 80% of these cases occur in the
developing nations where, including India, it is
the biggest cause for cancer related mortality
among women (4). The world-wide implemen-
tation of the recently licensed prophylactic
vaccines is projected to bring down incidence by
70% but has no impact on the existing cervical
cancer burden (5).

The disease management strategy of
mandatory screening, follow-up and prompt
treatment has substantially brought down the
cancer burden and mortality in the developed
world (5, 6). But economical, social and logistical
constraints have impeded its implementation in
India and most of the developing world (6, 7).
Novel, non-invasive treatment strategies such as
therapeutic vaccines therefore hold much
promise. The emerging view is that effective
therapy is possible by employing, in concert, the
different approaches- therapeutic vaccines,
blockers of immunosuppressive mechanisms
and conventional therapies (8, 9, 10).

 T cell response to oncoprotein E7 of Human
Papillomavirus genotype 16 (HPV 16) delivered by

Salmonella typhi strain Ty21a (S. typhi Ty21a) in mice.
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The unique features of the HPV associated
cancers present a perfect model for the
development of an effective therapeutic cancer
vaccine (8, 11). The long latency from infection
to cancer coupled with distinct stages of the
disease progression provides the right window
to monitor vaccine efficacy (8, 11). HPV early
genes E6 and E7 play a central role in the
induction and progression towards cancer (11,
12). The oncogenes are more often than not
integrated into the host genome and are
expressed in nearly all stages of the disease (8,
11, 12). Thus, E6 and E7 present cancer specific,
non-self, target antigens for the development of
therapeutic vaccines. Several candidate
therapeutic vaccines based on E6 and E7 are in
different stages of development (13).

The live-attenuated Salmonella enterica
serovar Typhi strain Ty21a (S. typhi Ty21a) has
been in use as an oral typhoid fever vaccine for
nearly three decades (14). The proven safety
record and immune efficacy of Ty21a has led to
its extensive evaluation for the oral delivery of
heterologous antigens (14, 15). The present
study dwells on construction of the HPV16 E7
recombinant S. typhi Ty21a and evaluation of cell
mediated immune response (CMI) in the mouse
model.

Materials and Methods
Plasmids and Bacterial Strains: The live-
attenuated vaccine strain Salmonella typhi Ty21a
and the constitutive expression vector pFS14nsd
was obtained from Dr. Denise Nardelli, CHUV-
Laussane, Switzerland. Codon optimized HPV16
E7 synthetic gene was procured from GeneArt,
Life Technologies, USA cloned in a plasmid. The
E.coli cloning host Top 10 was procured from
Invitrogen Corporation, USA.

Cloning: The insertion of E7 in the pFS14nsd
vector to generate the pFS14nsd/E7 clone was
performed using standard cloning techniques
(16). E7 gene was introduced in the pFS14nsd
vector between the Nco I and Hind III sites. The
vector-insert ligation was performed with the T

4

DNA ligase based Rapid Ligation Kit™ from

Roche, USA as per kit directions. Plasmids were
screened for E7 gene insertion by restriction
enzyme analysis with Nco I and Hind III. The
pFS14nsd/E7 clone was confirmed by DNA
sequencing.

Transformation of Salmonella typhi Ty21a:
The S. typhi Ty21a competent cells were
prepared following the standard procedure (16).
Electroporation of competent S. typhi Ty21a
(100µl cell suspension) with 5 µg of pFS14nsd/
E7 was performed in the 2mm cuvettes (BTX
Harvard Appartus, USA) using standard
procedures (16) at- voltage-2.5KV, capacitance-
50µF and resistance- 200 The cell suspension,
subsequent to electroporation and a brief
incubation (1hr) was plated in LB agar containing
kanamycin sulfate (50µg/ml).

HPV16 E7 expression in S. typhi Ty21a: The
HPV 16 E7 recombinant S. typhi Ty21a whole
cell lysates for overnight cultures were
electrophoresed on a pre-cast, Precise Tris-
HEPES, SDS-PAGE system (Thermo Scientific).
The proteins in the pre-cast gel were then blotted
on to the PVDF membrane using the Hoefer
Protein blotting apparatus (Hoefer, USA). The blot
was probed with the monoclonal antibody specific
to HPV16 E7 sourced from Santa Cruz
Biotechnology, Inc, USA.

Mice: Specific pathogen free, C57BL/6 female
mice were used in the study in accordance with
the guidelines laid out by the Institutional Animal
Ethics Committee (IAEC). Mice were housed in
ventilated cages. Each treatment group
contained ten numbers of mice. Feed and water
were provided ad libitum. Clean bedding and
sanitation was maintained at all times during the
course of the experiment.

Preparation of Inoculum: Ty21a-E7 was
cultured in flasks overnight at 37ºC in a gyratory
shaker. The culture at OD

600
 of 1.8 to 2.0 was

harvested by centrifugation (2500g/20min) at 4ºC
in a table top centrifuge (Eppendorf AG,
Germany). Cell pellet was washed once with
phosphate buffer saline, pH 7.4 (PBS),
centrifuged, re-suspended in sterile PBS in 1/
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100th of initial culture volume. Viable bacteria
were determined by the standard, spread plate
culture of serial dilutions. Hundred micro litre
volumes  of  the  dilution  of  the  inoculum viz.,
10-10, 10-9, and 10-8 in PBS were plated in Luria-
Bertani agar containing kanamycin sulphate
(50µg/ml). Plates were incubated at 37ºC for 36h
for the enumeration of colonies.

Anesthetization and Immunization of Mice:
Mice were anesthetized by intra peritoneal
administration of a mixture containing ketamine
hydrochloride, xylazine hydrochloride and
diazepam at 100µl/mouse (each 100µl anesthetic
dose constituted 30µl of ketamine (stock=50mg/
ml), 1.0µl of xylazine (stock=20mg/ml) and 4.0µl
of diazepam (stock=5mg/ml) in sterile distilled
water). Ty21a-E7 inoculum was administered at
15 µl /mouse. Anesthetized mice were
administered in the nostrils 15µl/mouse of Ty21a-
E7 inoculum with the aid of a micropipette. Sham
immunized mice were administered 15µl of PBS/
mouse. Immunizations were performed in four
doses. The first booster dose was administered
30 days after the primary immunization;
subsequent two boosters were given 15 days
apart.

Isolation of splenocytes: Mice were sacrificed
by spinal dislocation 6 days after the final booster.
Splenectomy and isolation of splenocytes were
performed in aseptic conditions according to the
standard procedures (17). Briefly, Spleens were
disrupted mechanically with the aid of syringe
plunger while in RPMI-1640 (Life Technologies
Corp., USA.) and passed through a 70 µm Cell
Strainer (BD Corp., USA) to obtain single cell
suspensions. Splenocytes suspensions were
treated with RBC lysis buffer (5 ml/spleen; Sigma-
Aldrich Chemical Co., USA) and subjected to
density-gradient centrifugation, with
Lymphoprep™ (Axis-Shield PoCo, Norway) at
1:2 v/v ratio of Lymphoprep™ and splenocytes.
The splenocyte enriched “buffy-coat” layer at the
junction was retreived using a micropipette and
washed with RPMI-1640 containing 10% fetal
bovine serum (FBS, Life Technologies Corp.,
USA.). Viable cells were enumerated under

microscope using a haemocytometer (Improved
Neubauer, Rohem India). Splenocytes were
resuspended in the cryo-preservant medium-
FBS containing  10% di-methyl sulfoxide (DMSO;
Sigma Aldrich), and aliquots transfered into screw
capped cryo vials (Nalgene® Cryoware, Thermo
Fisher) at 20million cells/ml/ vial in cryo cans
(liquid Nitrogen) until further use.

CD4+ T cell and CD8+ T cell isolations with
Magnetic activated cell sorting (MACS): Cryo-
vials containing splenocytes were thawed at 37ºC
for 2 min in a water-bath; splenocytes were
washed and enumerated before sorting. The
CD4+ enriched T cell population from mouse
splenocytes were isolated using the CD4+ T cell
isolation kit-II and the autoMACS™ Separator
from Miltenyi Biotec Gmbh, Germany. About 40
million viable splenocytes were passed through
the autoMACS™ column (Miltenyi Biotec) in the
autoMACS™ separator following the
manufacturer’s instructions. The flow-through
contained the CD4+ enriched T cells. The cells
bound to the column were eluted as per the
manufacturer’s instructions to obtain the CD4+
depleted preparation. Similarly, the CD8+ T cell
enriched and depleted preparations were
obtained using the CD8+ T cell isolation Kit-II
(Miltenyi Biotec). Cells from all fractions were
enumerated before the Elispot assays.

Elispot assay: The Elispot assays were
performed with the Mouse IFN gamma Elispot
Ready-SET-Go!® kit from eBiosciences® in the
96 well MultiScreen HTS™ IP sterile plates
(Millipore, USA). The coating (with capture
antibodies) and blocking with  fetal bovine serum
(10% FBS in RPMI-1640) were performed as per
the instructions in the kit. Cryo-vials containing
splenocytes were thawed at 37ºC for 2min in a
water-bath. Splenocytes were then washed in
RPMI -1640 containing 10% FBS (cRPMI) and
enumerated. Viable splenocytes at 0.5 X 106 cells/
100µl/ well in cRPMI were seeded on to the wells
of the Elispot plates in triplicates for the
determination of E7 specific IFN secreting T
cells. Similarly, the T cell enriched (either CD4+
T cell or CD8+ T cell) splenocyte preparations

T cell response to oncoprotein
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and the T cell depleted fractions were also plated
at a viable cell concentration of 0.3 X 106 cells/
well in triplicates. Splenocytes were stimulated
with either affinity purified recombinant GST or
GST-E7 at 1µg/well. Assay controls were
stimulated with 2µg of ConA. Non-stimulated
controls were maintained in all assays.
Stimulations were performed in the Hera Cell 240
incubator at 37ºC with 5% CO

2
 for 24h. After

stimulation, cells were discarded; wells washed
and incubated with biotinylated detection
antibodies for 1h. Wells were washed again and
incubated with 100µl/well of Streptavidin-ALP
(Mabtech Gmbh) at 1:1000 in PBS containing
0.05% Tween 20. Finally the wells were
developed with BCIP/NBT (Mabtech Gmbh,
Germany).

Enumeration of Spots:  Air-dried Elispot plates
were scanned in the automated ImmunoSpot®

Series 5 UV Reader from Cellular Technology
Limited (CTL), USA. Spots were analyzed and
enumerated in the reader using the
Immunocapture® Version 5.0 software tool
according to the recommended, default, user-
independent SmartCount® settings.

Statistical analysis: The one-way Student’s t-
test was employed for determining the test of
significance of the spots obtained on stimulation
with GST-E7 over that obtained by stimulation
with GST at 99% confidence limit (p<0.01)

Results and Discussion
Considering the socio-economic setting of

the cervical cancer scourge a therapeutic vaccine
is ought to be cost-effective, and more importantly
easy to administer (7, 13). An efficacious oral
vaccine is therefore an attractive proposition. The
mode of infection and morphological features of
Ty21a is said to augment immune responses to
heterologous antigens. S. typhi naturally
colonizes the macrophages and the infection
activates the naïve cells into efficient antigen
presenting cells (APCs). The involvement of
APCs is likely to evoke strong, T

H
1 cell

dependant, T and B cell responses to antigens
expressed in Typhi strain Ty21a (15). The flagellin

and monophosphoryl lipid-A present on the
bacterial surface are known ligands for toll-like
receptors (TLRs) in the APCs (18). These
pathogen associated molecular patterns
(PAMPs) therefore would have an adjuvanting
effect in eliciting a strong immune response to
the heterologous antigens (18, 19).

Intra nasal mouse model for oral S. typhi
Ty21a derived vaccines: Salmonella typhi is an
enteric pathogen of humans and do not infect
any other mammalian species. A transient, non-
pathogenic infection occurs on intra nasal
delivery of Ty21a in mice. Immune response to
either Ty21a or the Ty21a delivered heterologous
genes and proteins are evaluated in the intra
nasally immunized mice (20). Hence the immune
evaluation of recombinant Ty21a-E7 was
conducted in intra nasally immunized female
mice. The C57BL/6 mice strain were chosen for
their T

H
1 dominant phenotype that is ideally suited

for the development of cell mediated immune
response (21).

Cloning and expression: Immune response to
heterologous antigens delivered by Salmonella
is subject to, among other factors the level and
stability of expression in the bacterial delivery
vehicle (19, 22, 23). HPV genomes in contrast
to the prokaryotes are AT rich and show a strong
codon bias towards 18 codons (24). Hence,
expression of the native HPV genes in the
heterologous expression hosts has often been
proven a tall order (24). Therefore, the synthetic
E7 gene codon optimized for expression in S.
typhi (obtained from GeneArt, USA) was used
for cloning in to pFS14nsd. Figure 1 shows the
restriction enzyme analysis for screening putative
pFS14nsd/E7 clones. The plasmid clones were
further sequence verified before introduction of
the authenticated pFS14nsd/E7 construct into the
live-attenuated Ty21a cells. The codon modified
E7 cloned in Ty21a showed stable expression
under the constitutive Ptac promoter in Ty21a (Fig.
2).

Evaluation of CMI response using Elispot
assay: The cell mediated immune response to

Ponnanna et al
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an antigen may be evaluated as a function of
IFN

ã
 secretion by T cells on antigenic stimulation

in vitro. The E7 specific T cell response in Ty21a-
E7 delivered mice, in this study, was determined
using the Elispot assays. A well standardized
Elispot assay scores over other alternative
systems in its simplicity, ease of use and
reproducibility (25, 26, 27). Since the assay is
based on viable cells it is acknowledged to give
a more realistic estimate of the immune response
in vivo (27). Generally, oligopeptides (14 to 22
amino acids) that contain defined T cell epitopes
of the antigen are used for T cell stimulations
(28, 29). In the absence of well defined T cell
epitopes, over lapping peptides spanning the full
antigen are used. Synthetic peptides of high
purity although preclude non-specific stimulation
are expensive. The lack of well characterized T
cell epitopes in HPV16 E7 apart from the CD8+
T cell epitope, RAHYNIVTF (30) prompted us to

choose the affinity purified GST-E7 for splenocyte
stimulations. We reasoned that stimulation with
only the GST, expressed in the same E.coli host
and purified by identical procedures, would serve
as an adequate control to address possible non-
specific stimulation. Further, the full length E7 in
the GST-E7 comprises the full-range of epitopes
specific for both the CD4+ and CD8+ T cell types.
The T cell response detected therefore
represents a comprehensive profile of E7 specific
immune response.

T cell response to HPV16 E7: Stimulation of
splenocytes from immunized mice showed
significant E7 specific T cell response in the
Elispot assays upon antigenic stimulation
(p<0.01, one way Student’s t-test). The IFNã
secreting cells are represented as spot forming
cells (SFCs) per million splenocytes (Fig. 3).
SFCs obtained on stimulation with purified GST-

Fig. 1. Restriction enzyme analysis of the codon
optimized HPV 16 E7 clone in the constitutive
expression vector pFS14nsd. Lane 1, 2, 3- putative
plasmid clones digested with Nco I and Hind III
depicting ~297 bp products; Lane M- DNA molecular
weight marker.

Fig. 2. Immunoblot probed with the HPV16 E7
specific monoclonal antibody for confirmation of E7
expression in Salmonella Typhi Ty21a. Lane 1, 2-
Bacterial cell-lysate from HPV16 E7 recombinant
Salmonella Ty21a colony cultures; Lane M: Pre-
stained Protein molecular weight marker.

T cell response to oncoprotein
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E7 in the Elispot assay was 240 (±6.92) cells/
million splenocytes and significantly higher (p<
0.01) than the number for splenocytes stimulated
with GST (67.3 ±26.40 cells/million). The results
indicate E7 specific CMI response on intranasal
immunization of mice. The non-immunized
placebo control mice splenocytes showed barely
any spots when stimulated with either the GST-
E7 or GST thereby validating the results of the
assay.

T cell subsets in the E7 specific cell mediated
immunity: The immune response to E7 was
further analysed to delineate the T cell subsets
involved in the CMI. The CD4+ T cells were
separated from the splenocytes using the
MACS® technology. The Elispot assays of the
CD4+ T cell enriched and CD8+ enriched T cell

population indicate that the E7 specific response
is predominantly that of the CD4+ T helper type
(Fig. 4). The SFCs in CD4+ T cell enriched
samples were 86.58 (±6.93) whereas only scanty
spots (6.67; ±1.93), were visible in the CD8+ T
cell enriched samples. The E7 specific, SFCs
for the CD4+ T cell fractions were significantly
higher than obtained on GST stimulation
(p<0.01).

The predominance of CD4+ T helper subset
in the IFN response to E7 was further confirmed
by the Elispot results for the CD4+ T cell depleted
and CD8+ T cell depleted fractions. The CD4+
depleted fraction of the splenocytes would
contain CD8+ T lymphocytes apart from other
lymphocytes and monocytes; and similarly the
CD8 + T depleted fractions  would contain mostly

Fig. 3. IFN secreting spot forming T cells on stimulation of splenocytes with recombinant protein in the
Elispot assay. Splenocytes were stimulated with either glutathione-S-transferylase - HPV16 E7 fusion
protein (GST-E7) or GST. E7 immunized mice- Splenocytes from HPV16 E7 recombinant S. typhi Ty21a
immunized mice; Sham immunized mice- Splenocytes from PBS administered mice.

Ponnanna et al
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the CD4+ T cells. The Elispot results for the CD8+
depleted fraction that contain CD4+ cells showed
higher number of SFCs (138.75, ±22.67) than in
CD4+ T cell enriched population (86.58 ±6.93).
This is perhaps indicative of the significance of
APCs in processing recombinant protein for the
stimulation of T cells to secrete IFN. The CD4+
depleted fraction (comprising CD8+ T cells and
monocytes) did not show significant E7 specific
SFCs (2.22 ± 1.92). Figure 4 illustrates the results
in a bar graph.

Significance of CMI in therapeutic efficacy:
The protective and therapeutic efficacy of a
vaccine against the HPV associated cancer is
shown to be directly dependant on the strength
of the T cell response. Several published reports
on candidate therapeutic vaccines suggest that
both CD4+ and CD8+ T cell response against
the oncogenes E6 or E7 are vital for tumor
protection and regression in the tumorigenic

mouse models (8, 13, 28). Ty21a-E7 in the intra
nasal mouse model seems to elicit CD4+ T helper
response but little CD8+ T cell response as
determined in the ex vivo Elispot assay. It is
however premature to conclude the absence of
CD8+ T cell response. Since, recombinant
proteins are known to have limited ability in
stimulating CD8+ T cells (27).

Pre-invasive cancer, the high grade cervical
intra epithelial lesions (CIN-III), caused by
recurrent HPV infection spontaneously regresses
in many individuals (2, 11). The immune profile
in such individuals is characterized by a robust
CD4+ T cell response irrespective of the CD8+
T cell component in the lymphocyte milieu (11,
29). Therefore, even if E7 specific CD8+ T cells
are lacking, the presence of specific CD4+ T cell
response holds significance in the therapeutic
efficacy of Ty21a-E7. The safety of the live-
attenuated Ty21a strain, ease of administration

Fig. 4. Subset of T cells secreting IFN on stimulation with either GST-E7 or GST.

T cell response to oncoprotein
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of an oral vaccine, and the T cell response to the
expressed antigen are encouraging factors to
continue the efforts in the development of the
Ty21a-E7 candidate vaccine.

Conclusion
The HPV16 E7 recombinant Ty21a

delivered through the intra nasal route in mice
elicits E7 specific cell mediated immune
response. The IFN secreting splenocytes are
pre-dominantly CD4+ T helper cells. To our
knowledge this is the first report on T cell
response to HPV oncogenes delivered by
Salmonella typhi Ty21a. The results are
encouraging to further pursue efforts towards the
development of the Ty21a based oral  therapeutic
vaccine for HPV associated cancers.
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Abstract
Curcumin is a natural yellow phenolic

compound extracted from the Indian spice,
turmeric (Curcuma longa). Several studies
demonstrated the ability of curcumin to inhibit
events associated with the promotion of cancer.
We investigated the effects curcumin on human
colon cancer cells in vitro and further examined
the molecular mechanisms of curcumin induced
cell death. The signaling adapter p62/SQSTM1,
a multifunctional protein implicated in autophagy,
apoptosis, cell signaling pathways and
tumorigenesis, is one of the potential targets for
anti-cancer therapy. In this study, we demonstrate
a dose and time-dependent down-regulation of
p62/SQSTM1 expression by curcumin that
correlates with increase in the loss of viability of
human colon cancer cells. We also found that
curcumin enhanced phospho-ERK expression
and ceramide (Cer) generation in human colon
cancer cells. However, the present study also
shows that, curcumin-induced p62/SQSTM1
degradation, up-regulation of ERK
phosphorylation, Cer generation and cell death
can be reversed by extracellular anti-oxidants
such as glutathione (GSH) and N-acetyl cysteine
(NAC). Overall, our results suggest that down
regulation of p62/SQSTM1 and up-regulation of
phospho-ERK and Cer generation may contribute
to the anti-proliferative effects of curcumin
against human colon cancer cells.

Keywords: p62/SQSTM1, phospho-ERK,
Curcumin, Ceramide, Apoptosis, GSH

Introduction
Curcumin, a well-known chemo-preventive

agent, has been shown to possess anti-
inflammatory and anti-oxidant activities (1). It also
has been reported as a potent inhibitor of
mutagenesis and carcinogenesis (2). The anti-
cancer property of curcumin has been extensively
investigated in various cancer cells and in
different laboratory animal models of cancer.
Curcumin was found to inhibit cellular
proliferation, and enhance apoptosis in a variety
of human cancer cell lines in vitro (3). Currently,
curcumin is in clinical trials for the treatment of
cancers of pancreas, colon and multiple myeloma
(3). The proposed mechanism of anti-tumor
action of curcumin in majority of these studies
involves suppression of NF-kB related gene
products expression (4). Previously, we have
shown that curcumin induces generation of
reactive oxygen species (ROS) which leads to
caspase dependent and independent apoptosis
(5). We have also reported the modulation of
curcumin-induced apoptosis by using PI3K
inhibitor in breast carcinoma cell lines (6).

The signaling adapter p62/SQSTM1 is a
multifunctional protein implicated in autophagy,
apoptosis, cell signaling pathways and
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tumorigenesis (7,8).  p62/SQSTM1 was initially
believed as interacting partner of atypical protein
kinase C (aPKC). Recent studies reveal that p62/
SQSTM1 act as a prime signaling molecule
through its ability to recruit and oligomerize
important signaling proteins in the cytosolic
speckles to control cell survival and apoptosis
(9,10)]. Recently, it has also been reported that
elimination of p62/SQSTM1 is critical for the
autophagy mediated suppression of
tumorigenesis. These discoveries shed light on
the significant role of p62/SQSTM1 as a central
player in the life and death decisions of the cell.

Ceramide (Cer), a tumor suppressor lipid
has been shown to exert potent growth
suppressive effect on a variety of cell types (11).
It has been reported that diverse array of
stressors, including TNF- (12), Fas ligation (13),
irradiation (14), heat shock, (15) and anti-cancer
drugs (16) were able to increase intracellular Cer
level leading to the induction of apoptosis.
Ceramide is produced by de novo synthesis in
the endoplasmic reticulum or by the hydrolysis
of sphingomyelin by acid sphingomyelinases
(localized in the acidic compartment) and neutral
sphingomyelinases (localized in the plasma
membrane and mitochondria).  Recently, we have
reported curcumin induced caspase dependant
Cer generation and apoptosis in human leukemic
cells (17).

Extracellular signal-related kinase (ERK) is
a family of mitogen-activated protein kinases
(MAPKs) that are activated through a sequential
phosphorylation cascade that amplifies and
transduce signals from the cell membrane to the
nucleus. Depending on the cell types and
stimulus, ERK activity will mediate different tumor
suppressive events, such as apoptosis,
autophagy and senescence in vitro and in vivo
(18). It has been reported that ERK can promote
both intrinsic and extrinsic apoptotic pathways
(19). Moreover, it has been established that
sustained activation of ERK can induce
autophagic cell death (20,21).

In the present study, we investigated the
molecular mechanism of the anti-tumor potential

of curcumin towards human colon tumor cell
lines. The present study demonstrates the effects
of curcumin on p62/SQSTM1, ERK and Cer
generation in vitro. The results indicate that
curcumin is potent regulator of p62/SQSTM1
expression. Curcumin induces degradation of
p62/SQSTM1, up-regulation of ERK
phosphorylation and Cer generation, which are
the prime cellular signaling regulatory molecules.
We also showed that curcumin-induced p62/
SQSTM1 degradation, up-regulation of ERK
phosphorylation, Cer generation and cell death
were inhibited by the extracellular administration
of glutathione (GSH) and N-acetyl cysteine
(NAC).

Materials and Methods
Cell line, cell culture conditions and drug
treatment: The HT-29 cells (ATCC, Rockville,
MD, USA) were grown in McCoy’s 5A containing
GlutaMAX medium supplemented with 10% (V/
V) heat inactivated fetal bovine serum (FBS).
Cells were grown without antibiotics in an
incubator containing humidified atmosphere of
95% air and 5%CO2 at 37ºC. Curcumin (Sigma
Chemical Co. St. Louis, MO, USA) was dissolved
in dimethyl sulfoxide (DMSO) at a concentration
of 20 mM and was stored in a dark colored bottle
at -20ºC. The stock was diluted to the required
concentration with DMSO when needed. Prior
to curcumin treatment, cells were grown to about
80% confluence, and then exposed to curcumin
at different concentrations (0-100 M) and for a
different period of time (0-24 h). Cells grown in a
medium containing an equivalent amount of
DMSO served as control. Glutathione, NAC,
U0126 and TPA were purchased from Sigma
Chemical Co. (St. Louis, MO, USA).

Cell viability Assay: Cell viability assay was
carried out as described elsewhere with slight
modifications (22). Cells were grown in 96 well
microtiter plates (10,000 cells/well) and incubated
for 24 h with or without different concentrations
of curcumin. At the required time point, 100 l
media were removed and 25 ml of MTT (5 mg/
ml) was added to each well. The plates were
incubated for further 4 h at 37°C. After incubation
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the plates were centrifuged at 1500 rpm for 5
min and the media were removed from all the
wells. The formazan crystals were then
solubilized in a 200 l of DMSO. The colored
solution was quantified at 570 nm by using 96
well plate reader (Perkin Elmer spectro-
fluorometer, Victor 3X). The viability was
expressed as a percentage over control.

Protein lysate preparation and western blot
analysis: Cells were washed twice with
phosphate buffered saline (PBS) and lysed in a
RIPA lysis buffer [50 mM Tris HCl (pH 7.4), 1%
NP-40, 40 mM NaF, 10 mM NaCl, 10 mM
Na

3
VO4, 1 mM phenylmethylsufonyl fluoride

(PMSF) and 10 mM dithiothreitol (DTT) and
EDTA-free  protease inhibitor tablets per 20 ml
buffer]. The cell lysates were centrifuged at 14000
rpm for 15 min. Total protein, determined by Bio-
Rad protein assay, were mixed with 6X loading
buffer and boiled at 100ºC for 3 min. SDS-PAGE
and Western blot analyses were carried out as
described previously [23]. The following
antibodies were used: Anti-actin, anti-ERK1/2,
anti-p62 and donkey anti-goat IgG antibodies
were from Santa Cruz Biotechnology Inc.  (Santa
Cruz, CA, USA). Anti-PARP and anti-phospho
ERK1/2 were from Cell Signaling Technology.
Anti-rabbit IgG and anti-mouse IgG were
purchased from Sigma chemicals Co (St. Louis,
MO, USA).

Intracellular Cer measurement: Intracellular
Cer measured as described previously with little
modification (24). After treatment cells were
washed in PBS and lysed 50 mM Tris (pH-7.4)
containing 0.4% IGEPAL CA 630 by freeze and
thaw method. The final concentration of IGEPAL
CA 630 in the assay was 0.2%. The lysate were
heat at 70°C for 5 min in a water bath and
centrifuged at 12000 rpm for 10 min at 4°C. The
reaction was started by adding 10 µl of
supernatant in the tube containing 20 ng
recombinant human neutral ceramidase
enzymes (10 l) for 1 h at 37°C. The reaction
was stopped by adding 55 l of stopping buffer
(1:9, 0.07 M potassium hydrogen phosphate

buffer: methanol). The released SPH was
derivatized with o-phthaladehyde (OPA) reagent.
After stopping the reaction add 25 l of freshly
prepared OPA reagent (12.5 mg OPA dissolved
in 250 l ethanol and 12.5 l --mercaptoethanol
and made up to 12.5 ml with 3% (w/v) boric acid)
was added. The mixture was allowed to stand
for 30 min. An aliquot of 25 l was injected in the
HPLC. HPLC analysis was done using Waters
1525 binary pump system. Waters XTerra C18
column (5 m, 3 mm x 250 mm) was equilibrated
with a mobile phase (20% methanol, 80% 1:9,
0.07 M potassium hydrogen phosphate buffer:
methanol) at a flow rate of 0.5 ml/min. The
fluorescence detector (Waters 2475) was set at
an excitation wavelength of 340 nm and an
emission wavelength of 455 nm.

Results
Curcumin induces degradation of p62/
SQSTM1, Cer generation and cell death in HT-
29 cells: Recently, it has been reported that p62/
SQSTM1 is a multi-domain protein plays a central
role in life and death decisions of the cell [7].
Therefore, we first examined the involvement of
p62/SQSTM1 in human colon cancer cell line,
HT-29 up on curcumin treatment. Curcumin
treatment of HT-29 cells resulted in a dose (0-
100 µM) dependent reduction in the expression
of p62/SQSTM1 (Fig 1A). We then examined the
optimum time required for the down-regulation
of p62/SQSTM1 and found that 6 h incubation
with curcumin was sufficient for the maximum
suppression p62/SQSTM1 (Fig 1B).

Ceramide has been suggested as a tumor
suppressor lipid, and its generation is induced
exclusively by apoptotic insult and not during
growth stimulation. Therefore, we next examined
the involvement of Cer generation in HT-29 cells
up on curcumin treatment. Curcumin treatment
of HT-29 cells resulted in a dose (0-100 µM)
dependent accumulation of Cer (Fig. 1C). The
time required for Cer generation following
curcumin treatment was also investigated. HT-
29 cells when treated with 75 µM curcumin, an
increase in the cellular Cer level was observed

Role of p62/SQSTM1 in curcumin-induced cell death
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Fig. 1. Curcumin induces p62/SQSTM1 degradation, Cer generation and apoptosis in HT-29 cells. (A) HT-
29 cells were treated with 0-100 M concentration of curcumin for 24 h, (B) HT-29 cells were treated with 75
M curcumin for indicated time period. The expression of p62/SQSTM1 was measured by using Western
blot analysis. Actin was used as the loading control. Blots shown here are representative of three independent
experiments. (C) HT-29 cells were treated with 0-100 M concentration of curcumin for 24 h, (D) HT-29 cells
were treated with 75 M, curcumin for indicated time period. The Cer levels were measured as described in
the “materials and methods”. Data represent the mean ± S. D (n=3). (E) HT-29 cells were treated with 0-100
M concentration curcumin for 24 h and cell viability was measured using MTT assays as described in the
“materials and methods”. Data represent the mean ± S. D (n=3). (F) HT-29 cells were treated with 75 M
curcumin for indicated time period and PARP cleavage was measured by Western blot analysis. Actin was
used as the loading control. Blots shown here are representative of three independent experiments.
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1h after treatment and sustained up to 24 h (Fig
1D).

In order to check whether p62/SQSTM1
degradation and rapid Cer generation induced
by curcumin would lead to loss of cell viability,
MTT assay was performed. Curcumin caused a
dose dependent reduction in cell viability (Fig 1E).
The cytotoxic effect of curcumin was, at least in
part, attributable to apoptosis, as evidenced by
PARP cleavage in HT-29 cells (Fig 1F).

Curcumin induces sustained ERK activation
in HT-29 cell lines: The ERK signaling pathway
has been shown to be activated in response to
certain cellular stresses (18). Hence, we checked
the effect curcumin on the ERK activation. HT-
29 cells were exposed to curcumin and activation
of ERK was determined by Western blot analysis
using antibodies against phosphorylated form of
ERK. Curcumin induces both dose and time
dependent strong activation ERK (Fig 2A and B).
The activation was apparent 1h after curcumin

Fig. 2. Curcumin induces up-regulation of phospho-ERK in HT-29 cells. (A) HT-29 cells were treated with 0-
100 M concentration curcumin for 24 h, (B) HT-29 cells were treated with 75 M concentration of curcumin
for indicated time period and the expression of phospho-ERK was measure using Western blot analysis.
Blots shown here are representative of three independent experiments. (C) HT-29 cells were pre-treated
with 20 M concentration of U0126 and (D) 50nM TPA for 1h, followed by incubation with 50 m curcumin for
24h and cell viability assay was performed as described in the “materials and method”.
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treatment and sustained up to 24 h (Fig 2B). The
increase in phospho-ERK did not result from the
increased ERK expression, as total ERK levels
were not altered relative to untreated cells.

In order to check whether ERK activation
is required for curcumin induced apoptosis, we
used U0126, a selective inhibitor of ERK (25).
HT-29 cells were pre-treated with 20 µM
concentration of U0126 for 1h prior to the addition
of curcumin and viability assay was performed
using MTT assay. As shown in the Fig 2C,
exposure of curcumin alone to the cell resulted
in a significant decrease in the viability and its
effect was partially reversed by the U0126.  Next,
we have used phorbol ester TPA, an agent that
capable of stimulating ERK signaling pathway
(26, 27). HT-29 cells were pre-treated with 50
nM concentration of TPA for 1h prior to the
addition of curcumin and viability assay was
performed using MTT assay. As shown in the Fig
2D, TPA pre-treated cells were much more
sensitive to curcumin. These results suggest that
ERK activation plays an important role in
curcumin induced HT-29 cell death.

Glutathione and NAC block curcumin
induced down-regulation of p62/SQSTM1 and
cell death in HT-29 cells: The antioxidants GSH
and NAC play an important role in scavenging
reactive oxygen species and the detoxification
process (5). The exact molecular mechanism of
the protective effects of these antioxidants
against curcumin-induced apoptosis is not
known. Therefore, we investigated whether GSH
and NAC can protect cells against curcumin-
induced p62/SQSTM1 down regulation and cell
death in HT-29 cells. Pre-treatment of HT-29 cells
with 10 mM GSH and NAC strongly suppressed
the curcumin-induced degradation of p62/
SQSTM1 (Fig. 3A) and cell death (Fig. 3B).
These results indicate that the involvement
oxidative stress in curcumin-induced HT-29 cells
death.

Effects of GSH and NAC on curcumin induced
up-regulation of phospho-ERK and Cer
generation in HT-29 cells: In order to evaluate

the protective mechanism(s) of GSH and NAC
on curcumin-induced cell death, the influence of
GSH and NAC on curcumin-induced ERK
phosphorylation and Cer generation was
examined. As shown in the Figure 4A and 4B,
pre-treatment of the cells with GSH and NAC
inhibited curcumin-induced ERK phosphorylation
and Cer generation. These findings indicate that
GSH and NAC may, indeed, mediate its anti-
apoptotic effects via inhibition of ERK
phosphorylation and Cer generation in curcumin-
induced HT-29 cell death.

Fig.  3. Extracellular supplementation of GSH and
NAC prevents curcumin induced p62/SQSM1
degradation and loss of viability. HT-29 cells were
pre-treated with 10 mM concentration GSH and NAC
for 1h, followed by incubation with 75 M
concentration of curcumin. (A) Expression of p62/
SQSTM1 was measured as described in the
“materials and method”. (B) Viability was measure
by MTT assay.
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Discussion
Curcumin is one of the major anti-cancer

drugs widely used in the treatment of wide variety
of cancers. However, the signalling pathways
triggered by curcumin in human colon cancer
cells are not completely understood. The present
study was designed to investigate the mechanism
by which curcumin mediates its anti-proliferative
effects in human colon cancer cells. In this study,

we specifically focused on p62/SQSTM1, ERK
and Cer, which are some of the prime cellular
signalling regulatory molecules. Our data shows
that, the ability of curcumin to inhibit the
proliferation of human colon cancer cells
correlated with the down-regulation of p62/
SQSTM1 expression. Curcumin induced down-
regulation of p62/SQSTM1 and cell death was
reversed by anti-oxidants such as GSH and NAC.
We found that curcumin enhanced the
expression of phospho-ERK and the generation
of tumor suppressor lipid, Cer. In sum, these
results suggest that down-regulation of p62/
SQSTM1, up-regulation of phospho-ERK and
Cer generation contribute to the antiproliferative
effect of curcumin in HT-29 human colon cancer
cells.

This is first report to show that curcumin
can induce the degradation of p62/SQSTM1.
p62/SQSTM1 is a ubiquitin-binding
multifunctional protein, which promotes survival-
critical signals including proliferation,
differentiation, and induction of anti-apoptotic
genes (28). p62/SQSTM1 interacts with a central
component of autophagy of the autophagy
machinery, LC3, and transports ubiquitinated
proteins to degradation by the autophagosome
(29). It has been reported that p62/SQSTM1 is a
selective substrate for autophagy. Abnormal
expression of p62/SQSTM1 has been
documented in various cancers including gastro-
intestinal, prostate and breast cancers (30,31).
Moreover, knock down of p62/SQSTM1
sensitizes SKOV3/DDP ovarian cancer cell to
cisplatin (32). Previously, we have shown that
anti-oxidants such as NAC and GSH tightly
controls curcumin induced cell death in mouse
fibroblast L929 cells (5) and human leukemic
cells such as Jurkat, Molt-4 and K562 (17).
Reversal of the effect of curcumin on p62/
SQSTM1 by anti-oxidants suggests the role of
oxidative stress in this pathway.

We found that curcumin up-regulated the
expression of phospho-ERK in human colon
cancer cell. Our data demonstrate that, the
activation of ERK plays an important role in

Fig. 4. Effects of GSH and NAC on curcumin induced
up-regulation of phospho-ERK and Cer generation.
HT-29 cells were pre-treated with 10 mM
concentration GSH and NAC for 1h, followed by
incubation with 75 M curcumin. (A) Expression of
phospho-ERK was measure using Western blot
analysis. Blots shown here are representative of three
independent experiments. (B) Cellular lipids were
extracted and assayed for Cer by HPLC method as
described in the “materials and method”.
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curcumin induced cell death in HT-29 cells.
Curcumin treatment resulted in high and
sustained activation of ERK in these cells.
Several other studies also reported that, the
activation of ERK leads to increased sensitivity
of cancer cells to chemotherapeutic drugs
(19,33). Utilizing U0126 and TPA, to modulate
ERK activity, we found that down regulation of
ERK resulted in partial protection against
curcumin-induced cell death, whereas,
enhancement ERK activity sensitized it. In our
study, the ERK inhibitor did not completely
prevent curcumin induced cell death. This may
be due to the involvement of other signaling
pathways that are independent ERK activation.
In the present study, the antioxidants GSH and
NAC inhibited curcumin-induced activation ERK,
suggesting that, the curcumin-induced activation
of ERK is mediated by oxidative stress dependent
mechanisms.

In the present work, we demonstrate that
Cer production parallels the sensitivity of
curcumin, based on the loss of cell viability levels.
Consistent with our results, sensitivity of
curcumin to various cancer cells including HCT
116 colon cancer cells (34), Jurkat leukemic cells
(17), PC3 prostate cancer cells (35) was directly
related to the Cer generation. Moreover, recently
it has been reported that, C

6
-Cer sensitizes

melanoma calls to curcumin-induced cell death
(36). Furthermore, a direct relationship has been
observed between resistant to radiation induced
apoptosis and defective Cer generation (37). Our
results are in agreement with the fact that the
kinetics of cell death and Cer generation parallel
each other, suggests an involvement of Cer in
curcumin-induced cell death in HT-29 cells.

Conclusion
In conclusion, our results provide an

additional mechanism through which curcumin
may mediate its antiproliferative effects in HT-29
cells, via down-regulation of p62/SQSTM1, up-
regulation of phospho-ERK and Cer generation.
These results suggest that p62/SQSTM1 could
be a novel therapeutic target for cancer treatment
using curcumin.
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Abstract
The present investigation describes the

exploratory work on the production of
sophorolipids (SL) by solid-state fermentation
(SSF) technique. The ability of Starmerella
bombicola NRRL Y-17069 to produce
sophorolipids by solid state fermentation was
investigated.  In this study, glucose was used as
the hydrophilic carbon source while three different
substrates were investigated as potential lipid
carbon sources. 1) Blend of oleic acid with wheat
bran, 2) Blend of oleic acid with isabgol husk
(wheat bran and isabgol husk were used as inert
support for adsorbing and distributing oleic acid)
3) Soya seed powder and 4) Peanut seed
powder.  Maximum yield of sophorolipids
obtained was 18g per 100g of the substrate (18%
conversion) using glucose and oleic acid
(blended with wheat bran). The structural identity
of the synthesized sophorolipids was confirmed
by FTIR and 1H NMR spectroscopy. This work
has indicated that the production of sophorolipids
by solid state fermentation is also possible.

Keywords : Solid state fermentation (SSF),
Sophorolipids, Starmerella bombicola,
Biosurfactant.

Introduction
Sophorolipids (SL) are surface-active glyco-

lipid compounds synthesized by few of the non-

pathogenic yeast species like Candida bombicola
(Starmerella bombicola) (1-3), Wickerhamiella
domericqiae (4,5), Rhodotorula bogoriensis (6)
etc.  Sophorolipids and their derivatives also
possess spermicidal, virucidal, and anti-cancer
activity (7-10). Sophorolipids also may be used
as an active biodegradable surfactant in
formulations for enhanced oil recovery,
cosmetics, germicidal preparations and in other
detergent formulation (11). Surfactant properties
of low-cost sophorolipids have been identified to
be an appropriate method for environmental
applications, such as heavy metal removal from
soil sediments, and degradation of insoluble
aromatic compounds (12,13). A lot of research
has been performed on the optimization of the
sophorolipid by submerged fermentation using
various substrates and fermentation conditions.
However to the best of our knowledge there are
no reports on sophorolipid production by solid
state fermentation (SSF). Because of simplicity
and being economically more attractive, solid-
state fermentation has been used by many
workers for the production of various enzymes
(14-19). In fact, some of the bio-molecules give
better yield with SSF, compared to conventional
submerged fermentation. For example it has
been reported that solid-state fermentation (SSF)
with fungal strains results in much higher
productivity than submerged fermentation (20)
and it also offers many other advantages (21).
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Thus we found it to be worthwhile to test the
possibility of sophorolipids production by
Starmerella bombicola NRRL Y-17069 using
SSF. The present investigation describes the
exploratory work on the production of
sophorolipids by solid-state fermentation
technique at shake flask scale.

Material and Methods
Microorganism: The yeast Starmerella
bombicola NRRL Y-17069, was obtained from
ARS Culture Collection, USA. The organism was
maintained at 4°C on Potato Dextrose Agar
(PDA) slants and was sub-cultured monthly.

Preparation of Pre-inoculum: 15 to 20 ml of
autoclaved solution containing 39 g/L of potato
dextrose agar (PDA) and 2.0 g/L of yeast extract
was poured in sterilized petri plates and was
allowed to cool and set as a solid surface. The
prepared petri plates were inoculated by spread
plate technique using 0.4ml of organism
(prepared by adding 10 ml of saline to PDA slant
culture) and were incubated at 30°C for 48 hr to
produce the pre-inoculum.

Preparation of inoculums: The suspension for
inoculation was prepared by adding 20 ml of
sterile saline (0.9%w/v of NaCl in distilled water)
to the pre innoculum i.e 48 h grown petri plate
culture, and gently shaking the same for 1 min
using sterile spatula for extraction of the cells.

Substrates and chemicals: Different substrates
viz., peanut seeds, soya seeds and wheat bran,
were purchased from local markets and all other
reagents used were of analytical grade. Peanut

seed and soya seeds were ground to a coarse
powder before use.

Screening of different lipid sources for the
production of sophorolipids: A total of 10g of
solid substrate containing 2 g of glucose and 8 g
of different lipid source (Table 1) were taken in
250 ml Erlenmeyer flasks, moistened with 8 ml
of 0.1 M citrate buffer of pH: 3 and was sterilized
using autoclave (121°C, for 15 min). After cooling,
the flasks were inoculated with 2 ml of the
inoculum; further an additional quantity of buffer
was added to increase the moisture content up
to 65%. And then the contents, after mixing, were
incubated at 30°C for 10 days.

Effect of the initial moisture content: To check
the influence of moisture activity on sophorolipid
production during SSF, the media containing 2 g
glucose, 2 g oleic acid and 6 g of wheat bran
powder was moistened with different amounts
of distilled water to obtain moisture content of
50%, 65% and 80% by weight of the total mass
(% w/w)  prior to fermentation.

Effect of the pH of the moistening agent: To
check the influence of the pH of the buffer used
as the moistening agent on the sophorolipid
production during SSF, the media containing 2 g
glucose, 2 g oleic acid and 6 g of wheat bran
powder was moistened (50% w/w) with 0.1M
citrate buffer of pH 3,4,5 and 6.

Time course of sophorolipid production and
the effect of the incubation temperature: To
check the influence of the incubation temperature
and fermentation time on the sophorolipid
production during SSF, the media containing 2 g

Table 1. Various lipid source used for solid state fermentation of S.bombicola for sophorolipid
production.

Lipid source Inert support Sophorlipid yield*
(g/100g of carbon source)

Medium  1 Soya seed powder (8g) - 0.56
Medium  2 Peanut seed powder (8g) - 0.3
Medium  3 Oleic acid (2g) Wheat bran (6g) 14.8
Medium  4 Oleic acid (2g)  Isabgol husk (6g) 4.5

* Values indicate mean of triplicate observations.
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of glucose, 2g of oleic acid and 6g of wheat bran
powder was moistened (50% w/w) with 0.1M
citrate buffer of pH 4 and were incubated at
various temperatures (25, 30, and 35°C) for
different time periods (2 to 10 days).

Isolation of sophorolipids: Sophorolipids were
extracted by mixing fermented substrate of each
flask with 40 ml ethyl acetate and then shaking
the mixture in an orbital shaker at 250  rpm for
1h. The suspension was then centrifuged at
5000×g for 15 min for separating the extract from
the fermented solid substrate. The solvent was
then removed from the extract by rotary
evaporation. The amber colored, honey like semi-
crystalline sophorolipids (Fig. 1) was washed
twice with 20 ml of n-Hexane to remove the
unused oily residue, and was stored at 4ºC.

Structural Characterization of isolated
Sophorolipids: Structural identity of the
synthesized sophorolipids was confirmed by
FTIR and 1H NMR spectroscopy.

Results and Discussion
Production of sophorolipids: Out of the various
lipid sources tested; when soya seed powder
(Medium 1) and peanut seed powder (Medium

2) were used as source of lipids, there was no
need to use additional inert solid support.
However, when free oleic acid was used as lipid
source (Medium 3 and Medium 4), because of
its liquid state of oleic acid, there was a need to
use a solid support. Thus, two different solid
supports were tested 1) wheat bran powder
(Medium 3) and isabgol powder (Medium 4).  It
was observed that the maximum sophorolipid
yield (14.8 g/100 g of the substrate) was obtained
when free oleic acid was used as a lipid source
and wheat bran powder was used as solid
support (Table 1 & Fig 2). However when isabgol

Fig. 1.  Amber colored, honey like sophorolipids.

husk was used as solid support, the yield of
sophorolipids decreased substantially (4.5 g/100
g of the substrate) compared to the use of wheat
bran powder as solid support (Table 1;  Fig. 2). A
possible explanation for the above results could
be the high absorbing and swelling capacity of
isabgol husk, which could lead to the absorption
of the most of the water from the medium and
thus the actual freely available water, could be
very less, making the conditions unfavorable for
the production of sophorolipids.

A possible reason for the poor yields of
sophorolipids using soya seed powder and

Fig. 2. Effect of lipid sources on the production of
sophorolipids
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peanut seed powder as lipid sources (0.56 g of
sophorolipids/100 g of total substrate and 0.30 g
of sophorolipids/100 g of the total substrate
respectively) could be due to the fact that oily
components (lipids) of the powdered seeds are
not freely available as they are present in
intracellular location.  It is possible that the
organism can synthesize sophorolipids only if
lipids are freely available and cannot utilize
intracellular lipids present in the vegetable
sources.

From this initial screening it was found that
blend of oleic acid with wheat bran was the better
lipid source and support respectively amongst
the others for the sophorolipids production and
thus it was standardized for use in further
experiments.

The moisture content, pH and the
incubation temperature are few of the critical
factors which affects the growth and production
of various secondary metabolites during solid-
state fermentation. However it was observed that
the production of sophorolipids was only
marginally affected by pH and the initial moisture
content. Moisture content of 50%w/w and pH of
4.0 was found to be optimum (Fig. 3 and Fig.4
respectively) for the sophorolipid production.
Incubation temperature significantly affected the

production of sophorolipids. Maximum production
of sophorolipids occurred at incubation
temperature of 30°C (18g/100g of the substrate)
and the sophorolipids yield substantially
decreased at lower and higher incubation
temperature.  (Fig. 5) Further it was observed

Fig. 3. Effect of moisture content on sophorolipid yield
Fig. 4. Effect of pH on sophorolipid yield

Fig. 5. Effect of temperature and fermentation
time on sophorolipid yield.
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that the production of sophorolipids begins on
approximately the 4th day and it reaches to its
maximum value by 8th day (Fig 5).

Structural Characterization of Synthesized
Sophorolipids: Structural identity of the isolated
viscous honey like compound was confirmed to

Fig. 6. FTIR spectrum of the synthesized sophorolipids

Fig. 7. 1H NMR spectrum of the synthesized sophorolipid.

Production of Spophorolipids
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be that of crude sophorolipid by FTIR and 1H
NMR spectroscopy.

FTIR results: FT-IR measurements of the
synthesized sophorolipids (SL) showed (Fig. 6)
broad absorption band at 3374 cm”1
(corresponds to the OH stretch). The
asymmetrical stretching and symmetrical
stretching of methylene (CH2) was observed at
2925 and 2854 cm”1 respectively. The C=O
absorption band at 1717 cm”1 may include
contributions from that of lactones, esters, or
acids, while that from the acetyl esters was
observed at 1248 cm”1. Sugar C-O stretch of C-
O-H groups was observed at 1103cm”1.

Results from 1H NMR study: NMR spectrum
was taken in CDCl

3
. The 1H NMR spectrum (Fig.

7) indicated a typical glycolipid-type structure. The
Protons on the carbons C2, C3, C4 and C5 of
both the glucose gave chemical shift at 3.4-3.6
ppm. The other protons on carbons C1 and C6
of both the glucose gave chemical shift at 4.2-
4.3. The signals of –CH=CH– group were
obtained at 5.35 ppm, –CH3 group of sugar
acetate at 2.09 ppm, and multiple signals of
protons at 1.30 ppm.

Conclusion
To the best of our knowledge, this is the

first report on sophorolipid production by SSF
technique. This investigation indicated that the
production of sophorolipids by SSF technique is
possible. Further we have obtained a
considerable yield without any media
optimization, thus it is likely that sophorolipid
production by SSF method can be further
increased by the application of various
techniques of media optimization, use of different
substrates and even use of other microbes
known for producing sophorolipids in submerged
fermentation. Considering the advantages of SSF
and the increasing importance of microbial
biosurfactants, this study will be an encouraging
lead towards the solid state production of
microbial biosurfactants.
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Abstract
Stone fruits have been reported to possess

various health promoting activities due to their
high antioxidant levels. In the current study eight
plum, six sweet cherry, five apricot and five peach
cultivars grown in Kashmir valley of India were
harvested at maturity stage and evaluated for
their total antioxidants in terms of total phenols,
carotenoids, anthocyanin and vitamin C content
as well as their respective antioxidant activities
on fresh weight basis (fw). Among the plum
cultivar, “Green Gauge”, demonstrated the
highest phenolic content (210mg/100g fw) as well
as total antioxidant activity (476µmole/g) and in
case of sweet cherries, “Siah Gole” cultivars
exhibited the highest total phenol content
(350mg/100g fw) and respective antioxidant
activity (446µmole/g).  In case of apricot, though
“Quetta” variety showed the highest phenol
content but “Hercott” demonstrated the highest
antioxidant activity. Likewise in peach “July
Elberta” possessing lesser phenol content than
“Saharanpuri” cultivar showed highest antioxidant
activity. Such type of results suggests that
quantity of phenolic content alone does not impart
high antioxidant activity to such fruits but the type
of phenolic compound equally governs such
characteristics. The current investigation
suggests that such type of stone fruits rich in
phenolic antioxidants comprises a promising
functional food group to be used against various
oxidative stress related diseases.

Key words:  Stone fruits, Phenolics, Vitamin C,
Anthocyanin, Carotenoids, Antioxidant activity.

Introduction
Functional Food are foods or dietary

components that may provide a health benefit or
desirable physiological effects beyond basic
nutrition and thus allows us to take greater control
of our health through the food choices we make
(1). Currently, functional attributes of many
traditional foods are being discovered, while new
food products are being developed with beneficial
components. Rapid advances in science and
technology, increasing healthcare costs, changes
in food laws affecting label and product claims,
an aging population and rising interest in attaining
wellness through diet are among the factors
fueling whole world’s interest in such functional
foods (2). Credible scientific research indicates
that there are many clinically demonstrated
potential health benefits from food components,
specifically to reduce the risk of oxidative stress
related diseases and help the body combat such
metabolic processes that lead to degenerative
conditions (3,4). Examples of foods possessing
such active ingredients include fruits and
vegetables, whole grains, fortified or enhanced
foods and beverages, and some dietary
supplements that usually, look, smell and taste
the same as their regular counterparts and
supplementing the diet with such beneficial
phytonutrients may reduce the risk of
degenerative diseases during aging.

Historically, fruits and vegetables have been
used as medicinal agents and until recently the
practice of western medicine involved the
prescription of specific plants and foods (5). It is
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now well established fact that fruit and vegetable
products especially those that are rich in
secondary metabolites (frequently called
phytochemicals) are gaining increasing interest
(6). Epidemiological studies have shown that diet
rich in such foods significantly reduce the
incidence and mortality rates of degenerative
diseases caused by oxidative stress. The
protective effect of such fruit and vegetable based
foods has been attributed to the fact that they
may provide an optimal mix of phytochemicals
including natural antioxidants that comprise one
of the most common components in functional
food production. During recent past in food
industry, these antioxidants are widely being used
to prevent rotting and help long storage,
transportation and easy marketing without
deteriorating the quality of the product. Thus,
interest on use of antioxidants from natural
sources in the form of phytochemicals is
remarkebaly increasing due to their important role
in disease prevention of both plants as well as
animals (7).  In humans, these naturally occurring
compounds act by scavenging harmful free
radicals implicated in the most common cancers
as well as in other degenerative diseases
including poor brain function. (8,9). In addition,
they are also responsible for induction of
enzymes that detoxify carcinogens and also block
the progression of cancer by deactivating at least
30 types of agents that may cause cancer (10).
In contrast, the synthetic forms of antioxidants
have been seen to have entirely different role to
play with most of them possessing toxic and
carcinogenic effects (11).

During recent years, stone fruits are
acquiring new interest mainly due to the fact that
they contain some components in different
quantities in the form of phenolic compounds and
carotenoids with potent antioxidative effects and
are thus known to play an important role in human
health. Phenolic compounds from such fruits are
becoming of great interest as researchers are
discovering their functional activities in the form
of drugs, colorants, flavors, and antioxidants.
Some phenolics share certain biological and

chemical properties that might be effective
inhibitors of chemical mutagens and/or
carcinogenesis. Thus, one of the best
approaches to increase the intake of such
beneficial compounds is to screen the potent
cultivars and increase their concentration inside
these fruits by breeding and selection.  To best
of our knowledge, none of the stone fruit cultivar
till date from the Kashmir valley has been
analyzed for such important compounds. Thus,
in the current study, an attempt has been made
to evaluate health promoting secondary
metabolites as well as antioxidant activities in
different  cultivars of plum, cherry, apricot and
peach  grown in Kashmir valley of India.

Materials and Methods
Chemicals:   All chemicals and reagents used
in the current study were of analytical grade and
mostly purchased from Sigma chemicals (India).

Sample collection: In this study eight plum, six
cherry, five apricot and five peach cultivars were
procured from various fields of SKUAST (K),
Shalimar, Srinagar, Kashmir as well as from local
market at fresh maturity stage. The fruits were
selected according to uniformity of size, shape
and colour and then transported to the
Biochemistry and Molecular Biotechnology
Laboratory, Division of Post Harvest Technology,
SKUAST (K), Shalimar Campus, Srinagar within
an hour for analysis. All the measurements were
conducted in triplicates.

Estimation of Vitamin C, Anthocyaninn and
Carotenoids :  Estimations were performed as
per methods of Rangana (12).  For Vitamin C
estimation 10 ml of sample extract was taken in
volumetric flask and made upto 100ml volume
with metaphospheric acid and filtered. 10 ml of
filtrate was pipetted into conical flask and titrated
against the standard dye solution to a pink end
point. Total anthocyanin content in samples was
determined by extracting with ethanolic HCl and
measurement of colour determined at the
wavelength of maximum absorption. The content
was calculated by making use of the  max
(molecular extinction coefficient) value as 98.2.

Imtiyaz Murtaza et al
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For estimation of carotenoids, the samples were
extracted in acetone and transferred to petroleum
ether phase. Total carotene was read
colorimetrically using petroleum ether for
baseline correction.

Total phenolic content analysis: Total phenolic
content was determined according to Singleton
and Rossi method (13). Ten grams of sample
was thoroughly crushed and homogenized in
mortar pestle with10 ml of 80% ethanol. The
extract was centrifuged at 10,000 rpm for 15 min
at 40C and supernatant preserved. The pellet
following was resuspended in 5 ml of 80%
ethanol, centrifuged and the resulting
supernatant combined with initial extract.
Triplicate supernatant extractions were made for
each sample. The pooled ethanolic extracts were
evaporated to dryness. The evaporated extracts
were solublised in 5ml distilled water and used
for the estimation of total phenolics. 500l of the
sample extract was combined with 2.5ml of
double distilled water and 0.5ml of Folin
cioucalteau reagent. After 3min of incubation
period, 20% sodium carbonate was added to
each sample ,vortexed and boiled in a water bath
for exactly one min. The absorbance was
measured at 650nm against reagent blank A
standard curve was established using catechol.
Absorbance values were converted to milligram
of phenolics per 100g of fresh tissue. For each
cultivar three replicates were analyzed.

Determination of total antioxidant activity :
The total antioxidant potential of samples were
determined using using FRAP assay of Benzie
and Strain (14) as a measure of antioxidant power
and extracts were prepared as described above
for estimation of total phenols.  The assay was
based on the reducing power of a compound
(antioxidant). A potential antioxidant reduces the
ferric ion (Fe3+) to the ferrous ion (Fe2+) that forms
a blue complex (Fe 2+/TPTZ).  FRAP reagent
consisted of 10 mM 2,4,6-tripyridyl-S-triazine
(TPTZ) in 40mM HCL, 300 mM sodium acetate
buffer (pH 3.6)  and 20mM ferric chloride in
distilled water in the ratio of 1:1: 10 (v/v). A 100
ml extract was added to 3ml of FRAP reagent

and mixed thoroughly. After standing at ambient
temperature (20oC) for 4 min, absorbance at 593
nm was noted against reagent blank. Calibration
was against a standard curve (50-1000 mmol
ferrous ion) produced by the addition of freshly
prepared ammonium ferrous sulfate. Values were
obtained from three replications and expressed
as mmol FRAPg-1 fresh weight

Statistical analysis: Three replicates of each
sample were used for statistical analysis. Analysis
of the data was performed on the original data
by one-way analysis of variance (ANOVA) and
regression analysis. Differences at P < 0.05 were
considered to be significant.

Results and Discussion
Recent reports have shown that a healthy

diet containing high plant based antioxidants
could prevent approximately 30% of all cancers
(15). No doubt genetic manipulations can
increase such antioxidant constituents of fruits
and vegetables, however there is a limit beyond
which increased concentrations may cause
undesirable levels of astringency in these crops
(16). Therefore, plant breeders and food
producers are increasingly identifying specific
genotypes and varieties of fruits and vegetables
rich in functional ingredients comprising of
nutritive and non-nutritive antioxidants e.g.
anthocyanin, carotenoids, phenols etc.  Among
different types of fruits, stone fruits such as
plums, peaches and apricots, have been found
to be successful in killing cancer cells and are
known to play an important role in human health
due to the range of antioxidant rich
phytochemicals especially phenolic compounds.
However, before recommending such fruits as
functional foods, further studies including rapid
selection procedures, secondary effects of
phenolics on fruit quality and postharvest traits,
and the bioactive properties of selected fruit
genotypes are needed. (17). In the current study
different cultivars of stone fruits grown in Kashmir
valley of India, were screened for their health
promoting effects in terms of their antioxidant
activities as well as various antioxidants present
in their respective extracts. As previous reports

Antioxidant power of stone fruits
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have shown (18) that phenol extraction from plant
tissue in ethanol is preferred over extraction in
water due to the presence of water-soluble
antioxidant vitamins and sugars that may mask
the antioxidant activity of of polyphenols
therefore, all the extracts in the current study were
prepared in ethanol.

Amoung the stone fruits large number of
plum cultivars have been introduced into India
and it has been found that European plums
perform better in the hills, while as Japanese
plums adopted more in sub-mountainous lower
elevations. In order to develop a database of
plums grown in Kashmir valley of India, eight
different cultivars were analyzed for their
secondary metabolites including total phenols,
vitamin C, carotenoids and anthocyanin in
addition to their respective antioxidant activities.
As per previous reports the anthocyanin content
of plums range from 4.41 to 23.12 mg/100g fresh
weight (f.w.) and total phenolic content from 298
to 563 mg/100g f.w.. Further, anthocyanin content
and phenolic content were reported to be well
correlated with the antioxidant activities (19). In
the current study the anthocyanin and phenolic
content were found to be variable in red and
yellow flesh plum varieties. It was observed that
anthocyanin content slightly increased with the
red colour intensity, which ranged from 15.25
mg100/g f.w for “Wickson “to 45.8 for “Satsuma”
(Table 1). Interestingly, our results clearly

demonstrated that most of the plum varieties
evaluated in this study possess higher levels of
anthocyanin content than those reported
previously and thus put them in the category of
other fruits rich in anthocyanin content.

Previously it has been reported that total
phenol content of  different fruits and vegetables,
can vary from 2-500 mg/100g f.w. and in case of
plum  it falls in the range of 125.0 to 372.6 mg/
100 g f w. (20). Interestingly, in this current study
the total free phenolic content of most of the
selected cultivars was found to fell in the range
of that found in apple varieties i.e. 117- 430 mg/
100g f.w (21). It was note worthy that “Green
Gauge” variety  that is very unpopular in Kashmir
valley recorded significantly highest phenol
content (210 mg/100gm fw) followed by “Santa
Rosa” (205 mg/100gfw), Burbank (200 mg/
100gfw), Grand Duke (198mg/100gfw), Wickson
(180 mg/100gfw), Satsuma (165g/100gfw),
Warwick (112mg/100gfw) and Reine Claude-de-
Bary (78 mg/100gfw) respectively.

As large number of  reported scientific data
indicates a strong correlation between total
phenol content and antioxidant activity of fruits
and vegetables (18, 22). Therefore, rather than
measuring only the antioxidant contents, there
is an increasing interest in the measurement of
total antioxidant activity of crops by using various
assay methods like ferric reducing antioxidant

Table 1. Quality characteristics in terms of antioxidant composition and antioxidant activity of
fresh Plum cultivars

Plum Vitamin C Total Anthocyanin Total Phenols Antioxidant
Cultivar  (mg/100g) carotenoids  (mg/100g)  (mg/100g) activity

μg/100g) (μmole/g)

Burbank 5.01 320 17.8 200 442
Green Gauge 7.2 433 22.9 210 476
Wickson 4.8 560 15.25 180 382
Satsuma 5.30 820 45.8 165 326
Grand  Duke 3.8 520 35.6 198 441
Warwick 6.2 300 29.5 112 191
Reine Claude-de-Bary 4.9 400 20 78 209
Santa Rosa 6.3 850 33.5 205 335
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Table 2. Quality characteristics in terms of antioxidant composition and antioxidant activity of
fresh cherry cultivars

Cherry Vitamin  C Total Anthocyanin Total Antioxidant
Cultivar  (mg/100g) carotenoids (mg/100g)  Phenols activity

μg/100g) mg/100g) (μmole/g)

Makhmali 3 1400 159 190 307
Awal No 2 1650 134 190 288
Siah Gole 5 1800 182 350 446
Double 4 2100 134 180 300
Misri 2.3 1700 122 325 394
Tontal 1.9 1870 102 400 201

Table 3.  Quality characteristics in terms of antioxidant composition and antioxidant activity of
fresh Apricot cultivars

Apricot Vitamin  C Total Anthocyanin Total Phenols Antioxidant
cultivars  (mg/100g)  carotenoids  (mg/100g)  (mg/100g)  activity

μg/100g) (μmole/g)

Charmagz 8 840 9.2 300 149

Gilgiti sweet 10 600 12 303 202
Hercot 8.5 450 8 379 276
Quetta 7.6 620 6.9 385 165
Halman 6.12 110 6.3 346 240

Table 4. Quality characteristics in terms of antioxidant composition and antioxidant activity of
fresh Peach cultivars

Peach Vitamin  C Total Anthocyanin Total Phenols Antioxidant
cultivars  (mg/100g)  carotenoids  (mg/100g)  (mg/100g)  activity

μg/100g) (μmole/g)

Saharanpuri 8 600 6 952 160
July Elberta 7.5 652 5 361 452
Elberta 6.90 430 7 287.4 241
Quetta 6 940 5 538 150
 Awal No 4 441 7 309 132

power (FRAP) assay  developed by Benzie and
Strain (14). In this study the antioxidant activity
measured by FRAP assay in red/purple-flesh
varieties of plum was found to be higher as
compared to light colored yellow flesh plums.
Interestingly, Green Gauge cultivar possessing
highest phenolic content also demonstrated
maximum value of antioxidant activity (476 mmol

/g f.w.) followed by Burbank (442mmol/g f.w.),
Grand Duke (441mmol/ 100g f.w.), Wickson
(382mmol/ g f.w.), Santa Rosa (335mmol/ g f.w.),
Satsuma (326mmol/ g f.w.), Reine Claude-de-
Bary (209mmol/ g f.w.)  and Warwick (191mmol
/g f.w.) . The correlation developed between total
antioxidant activity (Y) and total phenolic content
(X) of these selected plum varieties had a high

Antioxidant power of stone fruits
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correlation coefficient of  R2=0.790. Whereas in
contrast to earlier reports, total anthocyanin and
total antioxidant activity showed least correlation
with the correlation coefficient of only R2= 0.013.
It can be suggested that green guage cultivar of
plums is a promising fruit with rich antioxidant
composition (especially phenolic content) as well
as  antioxidant activity and can be better exploited
to be used as functional food.

Likewise, sweet cherries have been
reported to possess many health promoting
activities due to presence of many secondary
metabolites including phenols.  Prvulovic  et al
(23) reports that phenolic composition  of sweet
cherries  is genotype dependent as well as
influenced by climatic conditions. In the Kashmiri
Agricultural market, fresh sweet cherries
represent an important, but fragile, commodity.
As evident from table 2, the antioxidant
composition and antioxidant activities of selected
six cherry cultivars viz  Makhmali, Awal Number,
Siah Gole, Double, Misri  and Tontal were found
to be  highly variable.  It was observed that total
phenol content in the extracts of the freshly
harvested cherry samples varied from ~180 - 350
mg/100 g fw. Amoung the selected cultivars “Siah
Gole” cultivar exhibited the highest antioxidant
activity (446 mole/g f w) as compared to other
varieties. In this type of stone fruit also strong
correlation (R2 = 0.782) was observed between
total phenolic content and total antioxidant
activities. These results are very well in
accordance to previous reports that indicate
anthocyanins did not seem to be the only
important antioxidant to influence the antioxidant
activity of the fruits, when correlating with DPPH
data (23)

Among stone fruits apricot possesses very
high carotene content that plays an important role
in maintenance of human health. Due to
presence of carotene and lycopene this fruit has
been reported to have antipyretic, antiseptic,
emetic, and ophthalmic properties and also
protect heart and eyes (24). As the levels of
antioxidant compounds especially phenolic

compounds have been reported to be different
in apricot varieties (25). Therefore, genotype
variations in terms of antioxidant composition and
antioxidant activities of five apricot cultivars
grown in Kashmir valley were also evaluated in
the current study. The ethnolic extracts from
these cultivars demonstrated variable levels of
antioxidant  composition with Gilgit Sweet
demonstrating the highest Vitamin C content and
Halman the lowest (Table 3).  Likewise Charmagz
showed the highest Carotenoid content and
Halman the lowest. Highest phenolic content was
found in Quetta and lowest in Charmagz variety.
Interestingly, in this type of fruit the Hercot variety
possessing intermediate phenol content showed
the highest antioxidant activity as compared to
“Quetta”  and  though a good correlation (R2 =
0.782) was found between total phenol content
and total antioxidant activity in almost all the fresh
apricot varieties. Such type of results suggests
that quantity of phenolic content alone does not
impart high antioxidant activity to such fruits but
the type of phenolic compound equally governs
such characteristics.

Previous reports have shown that
carotenoid content in yellow-flesh peaches is
higher (2-3 mg carotene/100 g fw-fresh weight)
than as found in white or red-flesh one (0.01-1.8
mg carotene/100 g fw). In contrast antioxidant
activity has been reported to be about 2-fold
higher in red-flesh varieties than in white/yellow-
flesh peach varieties that correlated best with
their respective phenolic content (19).  In our
study as shown in table 4, Saharanpuri peach
cultivar showed the highest Vitamin C content
and Quetta the highest carotenoid content.
Saharanpuri cultivar possessed the highest
phenol content and Elberta the lowest.
Interestingly, in these selected peach cultivars
also, inspite of  demonstrating a good correlation
(R2 = 0. 648) between total phenolic content and
total antioxidant activities, “July Elberta” cultivar
possessing intermediate phenol content
demonstrated the highest antioxidant activity as
found in case of apricot cultavers.
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Conclusion
It is suggested from the present study that

these stone fruits grown in Kashmir valley
comprise a promising group with wide range of
genetic variability in terms of antioxidant
composition (especially phenolic content) as well
as antioxidant activities. The fruits were found to
show better correlation between total  phenolic
content  and their  respective antioxidant
activities. In plum it is Green Gauge, in cherry it
is Siah Gole, in apricot it is Hercott and in peach
it is July Elberta  that are recommended to all
age groups for better consumption  per day due
to their highest antioxidant activities. The current
study signifies that such fruits due to high
antioxidant power can be further exploited to be
used as strong antidegenrative food as well as
health promoting functional foods. Commercial
value added powder can be formulated from
them for designer foods that can also be included
in breakfast cereals, snacks, confectioneries,
backed goods and pet foods as health promoting
food. In addition, it is suggested that such
cultivars could be incorporated into the breeding
programmes for development of antioxidant rich
germplasm of stone fruits in the area.
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Abstract
Avian influenza is highly contagious disease

of avian species. Vaccination is considered as
one of the efficient tool for controlling the disease.
Recombinant avian influenza vaccines
comprising haemagglutinin and neuraminidase
genes expressed in various platforms has already
been investigated and is demonstrated to offer
protection in animals. However, because of the
high variable nature of these antigens, the less
variant matrix protein could be an efficient vaccine
candidate against avian influenza. But the
applicability of M1 protein as a vaccine is not
studied much in animals. Hence, in an effort to
develop a matrix protein based sub-unit vaccine
against avian influenza, the M1 protein from
Eschericia coli was cloned and expressed in
BL21-DE3 pLysS. The expression levels were
found to be better when the cells were induced
with 0.5 mM IPTG and incubated for 3 hrs at 25°C.
The rM1 protein was purified using Ni-NTA
chromatography under denaturing conditions.
The protein was refolded in a reducing buffer
conditions which resulted in soluble form of the
protein. The total yield of rM1 protein was
estimated to be 12-14 mg / liter bacterial culture.
Since, this method does not involve complicated
purification methods and higher yield can be
produced in less than week time, this method of
producing rM1 antigen may provide useful insights

for the development of faster, cheaper and bulk
vaccines for avian influenza pandemic.

Key words : Matrix protein1, Highly pathogenic
avian Influenza, Escherichia coli, Expression,
Purification.

Introduction
Avian influenza is a highly contagious

disease of avian species. Sporadic transmission
of highly pathogenic avian influenza from avian
species to humans in the recent past has
demonstrated that the potential thread is just not
restricted to avian species but can be extended
to humans as well (1). Vaccination has been the
most effective method to combat the disease. The
current influenza vaccine is an egg based vaccine
which involves the use of whole virus antigen
propagated in embryonated eggs which offer
complete protection in animals. However, this
method of vaccine manufacturing pose many
practical challenges since live virus has to be used
for manufacturing which necessitates certain strict
bio-safety measures to be maintained. This
method, however, becomes impractical in many
places where the required biosafety could not be
maintained (2). In addition to these challenges,
this method of vaccine manufacturing is time
consuming and often limits the applicability
because millions of eggs will be required to
manufacture a pandemic vaccine (3). On the other
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hand, recombinant vaccines of avian influenza
virus have been demonstrated to be effective
against the infection and offered protection in
animals.

The avian influenza virus consists of three
main structural antigens namely neuraminidase
(NA), haemagglutinin (HA) and the matrix (M)
protein. Majority of the recombinant vaccine
strategies against avian influenza aims at the HA
(4, 5) antigen either alone or in combination with
other avian influenza antigens (6) which offer
complete protection in animals. Antibodies against
HA antigen plays a major role in protection against
the infection while antibodies to NA helps reducing
the disease spread (7, 8). However, these
antigens will not protect against different subtype
variants of avian influenza.

This is mainly due to the frequent variations
in the HA and NA antigenic subtype and the newer
subtype can consist of one amongst 16 HA
subtypes accompanied by one among 9 NA
subtypes which almost is highly unpredictable.
Hence, the less variant structural antigen such
as matrix proteins may be an attractive alternative
candidate to the HA and NA antigens. The matrix
protein, one of the abundant proteins of avian
influenza virus demonstrated to elicit protective
immune response in mice (9). It has already been
described that DNA vaccines comprising the
matrix protein either alone or in a combination
with other structural antigens elicits protective
immune response in animals (10). On the other
hand, the DNA vaccine may not help controlling
the disease in a pandemic scenario because of
difficulties in mass vaccination as it requires
efficient delivery methods and large quantities of
DNA. Other methods of recombination vaccine
development for avian influenza which were under
various development stages are the expression
of one or more subunit antigens in baculovirus
(4), yeast (5) and bacterial systems (11, 12). The
bacterial system may be more appropriate
compared to baculovirus and yeast expression
system as the earlier is easier and quicker which
may help in controlling the pandemic.

The present paper reports cloning and
expression of the matrix protein of a highly
pathogenic avian influenza virus. The expression
of the matrix protein was standardized and the
recombinant protein was purified through Ni-NTA
affinity chromatography.

Materials and Methods
Strains and plasmids: The cDNA of Avian

Influenza virus structural gene M1 of H5N1 strain
(A/Hatay/2004/H5N1) was obtained from the
International Centre for Genetic Engineering and
Biotechnology (ICGEB), New Delhi, India.
Escherichia coli TOP10 (F– mcrA (mrr-hsdRMS-
mcrBC) F80lacZM15 lacX74 recA1 araD139
(ara leu) 7697 galU galK rpsL (StrR) endA1
nupG) cells were used for all the plasmid
propagation work and BL21(DE3) pLysS (F–
ompT hsdSB(rB–, mB–) gal dcm (DE3) pLysS
(CamR) was used for the expression of rM1
protein. The bacterial cells were grown and
maintained in LB broth and/or LB agar containing
appropriate antibiotic.

Cloning of M1 into E.coli expression vector
pRSETA: The gene encoding M1 protein was
amplified from cDNA (Genbank accession No:
AM040045) of Avian Influenza virus structural
gene M1 of H5N1 strain (A/Hatay/2004/H5N1) by
PCR using forward primer (5’-ATCGGC
TAGCATGA GTCTTCTAACCGAGGT-3’) and a
reverse primer (5’- ATCGAAGCTTTTATTA
CTTGAATCGCTGCATCTGC-3’) consisting NheI
and HindIII restriction endonuclease sites
(underlined) respectively.  The PCR amplicon was
purified using QIAquick PCR Purification Kit
following manufacturer’s instructions. The purified
PCR amplicon was digested with NheI and HindIII
and cloned into a bacterial expression vector
pRSETA (Invitrogen, USA).  The positive clones
were confirmed by restriction enzyme analysis
using NheI and HindIII followed and DNA
sequencing.

Expression of rM1 in E.coli : The positive clones
were transformed into BL21 (DE3) pLysS cells
and grown to an optical density 0.6 at 600 nm.
The cells were then induced with 0.5 mM of
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Isopropyl ß-D-1-thiogalactopyranoside (IPTG)
and the cells were incubated for four hours. Four
hours post induction, the cells were harvested by
centrifugation and the expression of rM1 was
analyzed in SDS-PAGE and western blot using
HisProbe-HRPO.

Optimization of rM1 gene expression: The
positive transformants were grown at 37ºC till the
optical density at 600nm reaches 0.4-0.6. The
cells were then induced with 0.125 mM, 0.25 mM,
0.5 mM and 1 mM to find out the appropriate
concentration of IPTG to be used to get maximum
level of expression. An un-induced cell control was
maintained to compare the difference. All the
samples were adjusted to an optical density 5 at
600 nm and analyzed in 12% SDS-PAGE and
western blot using HisProbe-HRPO (Thermo
scientific, USA). The SDS-PAGE and the western
blot were observed for any visual increase in the
expression of rM1 protein.

The influence of different growth
temperatures after induction with IPTG was
analyzed. Briefly, the cells were grown at 37ºC till
the optical density at 600 nm reaches 0.6 and
the cells were then transferred 37ºC, 30ºC, 25ºC
and 16ºC.  The cells were incubated for four hours
and after the induction period the cells were
harvested. All the samples were adjusted to an
optical density 5 at 600 nm and analyzed in 12%
SDS-PAGE and western blot using HisProbe-
HRPO. The SDS-PAGE and the western blot were
observed for any visual increase in the expression
of rM1 protein.

To optimize the post induction time periods,
the cells grown at the optimized temperature and
were induced with appropriate concentration of
IPTG. After induction the cells were collected at
different time points as 1hr, 2hrs, 3hrs and 4hrs
post induction. All the samples were adjusted to
an optical density 5 at 600 nm and analyzed in
12% SDS-PAGE and western blot using
HisProbe-HRPO. The SDS-PAGE and the
western blot were observed for any visual
increase in the expression of rM1 protein.

Purification of rM1: The clones expressing
the rM1 protein were scaled up to 500 ml in shaker
culture flasks and induced with 0.5mM IPTG when
the OD reached 0.4-0.6 at 600 nm. After three
hours post induction at 37ºC, the cultures were
centrifuged at 4000 rpm for 20mins at 4ºC and
the pellet was resuspended in 50 mM sodium
phosphate buffer (pH-8). The cells were lysed in
French press cell disrupter (Constant systems,
UK) at 40000 psi, 2 cycles. The cell lysate was
centrifuged at 12000 rpm for 30 min at 4ºC. The
supernatant was filtered through 0.2µm syringe
filter and transferred to a sterile container. Fraction
of the supernatant was analyzed on a 12% SDS-
PAGE with appropriate negative control. An
immunoblot was performed using HisProbe-HRP
following standard protocols.

The rM1 protein was purified using Ni-NTA
chromatography under denaturing conditions.
The lysate was mixed with equal volume of 8 M
urea. NaCl was added to a final concentration of
300 mM. The lysate was filtered through a 0.2
µM syringe filter and passed through a pre-
equilibrated Ni-NTA Superflow resin (Qiagen,
USA). The column was washed with 50 mM
sodium phosphate buffer containing 4M urea,
300mM NaCl and 30mM imidazole (Sigma, USA)
and the bound M1 protein was eluted with 50mM
sodium phosphate buffer containing 300mM
imidazole, 4M urea and 300mM NaCl. The
fractions were analyzed on 12% SDS-PAGE and
the fractions containing target protein were
pooled. The protein was refolded by dialyzing
against 50mM sodium phosphate buffer
containing 2M urea, 50mM glycine, 0.5mM EDTA
and 1mM DTT (pH-8) at +4ºC. The concentration
of urea in the dialysis buffer was changed for every
6 hours through 2, 1, 0.5 and 0.25M till no urea.
The protein concentration of the dialyzed solution
was determined using BCA protein assay reagent
(Pierce, Rockford, IL). The purified rM1 protein
was concentrated through a vivaspin20 (10,000
MWCO) and analyzed on 12% SDS-PAGE. The
protein was dialyzed with 50mM sodium
phosphate (pH-8) and the protein concentration
was estimated using BCA reagent.
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Results
Cloning of M1 gene into E.coli expression

vector pRSETA: The M1 was amplified from the
cDNA using specific primers consisting NheI and
HindIII at their 5’end. The resultant amplicon was
analyzed on 1% agarose gel which showed a
756bp M1 product (Fig.1). The PCR product was
purified using QIAquick PCR purification kit. The
purified M1 gene was digested with NheI and
HindIII and was cloned into similarly digested
pRSETA. The positive clones carrying the M1
gene were identified by restriction digestion with
NheI and HindIII and the clones releasing a 756bp
product (Fig.1) was considered positive clones.

The positive clones were analyzed by automated
DNA sequencing using vector specific (T7
forward) primer and the results were compared
with the cloned M1 gene sequence which was
found to be 100% homologous.

Expression of rM1 gene in E.coli: The
positive clones were transformed into BL-21(DE3)
pLysS cells. The expression of M1 gene was
analyzed by SDS-PAGE and western blot (Fig.
2) using HisProbe-HRP which showed a 30kDa
M1 protein in induced cells.

Fig. 1. Cloning of M1 gene. The M1 gene was
amplified from the cDNA (lane1) and was cloned into
the bacterial expression vector pRSETA (lane2). The
clones were confirmed by restriction digestion using
NheI and HindIII enzymes which released a 756 bp
M1 gene.

Fig. 2. Expression of rM1 in E.coli. The positive clones
were transformed into BL21-DE3-pLysS. The cells
were induced 1mM IPTG and incubated for four hours.
After four hours, the cells were harvested and analyzed
in 12% SDS-PAGE (left) and western blot using
HisProbe-HRP (right) which showed a 30kDa M1
protein. UI – Uninduced; I – Induced; M – Marker.

Fig. 3. Optimization of IPTG concentration. BL21-DE3-
pLysS cells carrying the pRSETA-M1 plasmid was
grown in LB media at 37°C and induced with different
concentrations of IPTG such as 0.12mM, 0.25mM,
0.5mM and 1mM. The cells were incubated for four
hours and then analyzed in 12% SDS-PAGE. Induction
with 0.5mM IPTG yielded maximum expression as
visibly seen in the gel. Arrow indicates target protein.
Hence, further optimization was performed with 0.5mM
IPTG. 1 – Un-induced control, 2 – 0.12mM, 3 – 0.25mM,
4 – 0.5mM, 5 – 1mM IPTG.
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Optimization of rM1 gene in expression
The level of rM1 gene expression was

analyzed with varying concentrations of IPTG,
temperature and post induction periods to
optimize the level of rM1 expression without
compromising the cell yield. The expression of
rM1 protein was not seems to be differing
significantly with different concentrations of IPTG
(Fig. 3) when the cell number was normalized to
equal optical density. However, at higher
concentrations, typically at 1mM IPTG
concentration, the cells started lysing immediately
post induction. This indicates that higher
concentration of IPTG is creating toxicity which
may be associated with the high level expression
of rM1 gene. Conversely, the final cell mass was
significantly lesser compare to cells induced with
other IPTG concentrations. Hence, 0.5mM was
used as optimized IPTG concentration in all
further optimization.

The effect of different temperatures on the
level of rM1 expression was analyzed by
incubating the cells at different temperature after
induction with IPTG. Cells grown at 25ºC were
showing better expression level than 16ºC, 30ºC
and 37ºC temperature (Fig. 4) when normalized
to equal optical density. However, the total cell
mass was better for cells grown at 37ºC compared
to cells grown in other temperatures. Hence, the
cells were incubated at 37ºC and induced with
0.5mM IPTG for further optimization.

To optimize the post induction period, the
cells grown at 37ºC were induced with 0.5mM
IPTG. At different time points after induction, the
cells were analyzed. The expression of rM1 was
better at three hours post induction as visualized
by the SDS-PAGE (Fig. 5).

Purification of rM1 protein: The clones
expressing rM1 protein was scaled up to 2 liter
cultures in a shake flask and the expression was
carried out with above optimized parameters. After
induction, the cells were harvested and were lysed
using French press. The rM1 was purified using
Ni-NTA chromatography under denaturing
conditions (Fig. 6) as majority of the expressed

Fig. 4. Optimization of growth temperature. BL21-DE3-
pLysS cells carrying the pRSETA-M1 plasmid was
grown in LB media at 37°C and induced 0.5mM. After
induction, the cells were incubated for four hours at
different temperatures such as 16°C, 25°C, 30°C and
37°C and then analyzed in 12% SDS-PAGE. Cells
grown at 25°C showed significantly better expression
as seen in the gel. 1 – Un-induced control, 2 – 16°C,
3 – 25°C, 4 – 30°C, 5 – 37°C. Arrow indicates target
protein. Hence, further optimization was performed at
25°C.

Fig. 5. Optimization of post induction period. BL21-
DE3-pLysS cells carrying the pRSETA-M1 plasmid
was grown in LB media at 37°C and induced 0.5mM.
After induction, the cells were incubated at 25°C and
the cells were harvested at different time post induction
and analyzed in 12% SDS-PAGE. 1 – Un-induced
control, 2 – 1hour, 3 – 2 hours, 4 – 3 hours, 5 – 4
hours. There was no significant difference when the
cell number was normalized to equal optical density.
But considering the cell mass and expression 3 hours
post induction gave better expression yields. Arrow
indicates target protein.
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rM1 protein was found in the insoluble fractions.
The protein was eluted with 300mM imidazole and
the fractions containing pure rM1 protein were
pooled. The pooled fractions were dialyzed to
remove the imidazole and urea so as to bring the
rM1 protein in to soluble form. After refolding in
reduced buffer conditions, the protein came into
soluble form and was stable in 4ºC. The total yield
of rM1 protein was estimated to be 12-14 mg /
liter culture when the cells were incubated at 37ºC
and induced with 0.5mM IPTG. The protein was
finally dialyzed in 50mM sodium phosphate (pH-
8) and the concentration was adjusted to 1mg/ml
and stored at -80ºC.

Discussion
The avian influenza is long standing

potential thread to many species including avian
species and humans. Vaccination seems to be
the efficient method to combat the disease.
Several reports suggest the use of recombinant
HA (4, 13, 14) and NA (15, 16) either alone or in
combination offer protection against high
pathogenic avian influenza in animals. The virus
like particles comprising the whole set of structural
antigens have also been reported to provide either
partial or complete protection in animals (6, 17).
However, not a single or group of antigens
belongs to single subtype can offer complete
protection in animals against circulating strain
because of the extremely varying antigenic nature
of the highly pathogenic avian influenza. The

future avian influenza pandemic is inevitable, but
at the same it is highly impossible to predict the
antigenic nature of the virus as it can be any
combination of one among 17 HA subtypes and
one among 9 NA subtypes. On the other hand,
the less variant matrix proteins could be a better
antigenic candidate for controlling avian influenza.
But the expression, purification and use of matrix
protein as a potential vaccine candidate have not
been studied in detail.

In this study, the M1 protein of highly
pathogenic avian influenza was cloned into a
bacterial expression vector and expressed in
E.coli. Although the expression of rM1 protein led
to some amount of toxicity in bacteria which was
visible by the expression induced lysis, the
expression parameters were optimized to suit
better expression levels without compromising the
final cell mass. The high level expression of the
rM1 protein also led the protein to accumulate in
insoluble fractions and hence, the protein was
purified under denaturing conditions. However,
after refolding, the protein was found to be stable
at 4ºC. The expression in bacterial system can
be promising as bulk vaccines can be produced
in no time which is a pre-requisite for such a
rapidly spreading disease. The total yield of rM1
protein was estimated to be 12-14 mg / liter
bacterial culture. This concentration can be
significantly increased with further optimization in
large scale fermentation as higher cell mass can

Fig. 6. Purification of rM1 protein. The cells expressing rM1 was scaled up. The cells were induced with 0.5mM
IPTG, incubated for 3 hours at 25°C. The cells were harvested, lysed and the rM1 protein was purified through
Ni-NTA chromatography under denaturing conditions. The purified protein was pooled and refolded by dialyzing
in reduced buffer conditions. M – Marker; IP – Input; W – Wash; E2-E12 – alternative elution fractions.
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be generated. Bacterially expressed avian
influenza matrix protein (18), HA (11) and NA (19)
genes were already demonstrated to offer partial
or complete protection against infection in
animals. But a detailed study on the use of rM1
against various subtypes of avian influenza will
be necessary to evaluate the applicability of M1
protein as a broad-spectrum antigenic target
against avian influenza. M1 alone may not be
sufficient to offer protection in animal since,
antibodies to M1 neither blocks virus entry nor
help preventing virus dissemination. However,
conserved epitopes within M1 can induce CD8+
T cells and can contribute to protection against
morbidity and mortality from influenza.
Furthermore, the rM1 in combination with other
structural antigens such as HA and NA should
also be evaluated. The development of quicker
and cheaper vaccines is a must for effective
control of circulating strain of avian influenza. The
egg based vaccine development takes a
minimum of five to six weeks for bulk vaccine
manufacturing. However, the bacterial system
helps reducing time as more amount of vaccine
can be produced in less than a week time.
Although the baculovirus and yeast expression
system comprise many advantages over the
bacterial expression system in terms of its post
translational modifications, the bacterial
expression system is easy to handle. Hence, this
method of manufacturing the matrix protein of
avian influenza virus can pave a way for the
development of faster, safer and cheaper
vaccines against avian influenza.
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Abstract
The present study investigates the use of

conventional and unconventional bioresources
for the production of an anticancer biomolecule,
prodigiosin using Serratia marcescens NRRL B-
23112 which also produces serratiopeptidase
(SRP). Initially, both conventional and
unconventional bioresources were screened for
maximum production of prodigiosin. Jatropha
seed powder, an unconventional bioresource,
gave highest production of 5331 mg/l of
prodigiosin and 850 EU/ml of SRP. Further,
evaluation of the effect of concentration of seed
powder, effect of seed oil and the effect of seed
protein on production of prodigiosin and SRP
showed that jatropha seed powder at 3%
supported highest production of 6000±200 mg/l
of prodigiosin, but not that of SRP.

Keywords: Prodigiosin, Serratiopeptidase,
Unconventional Bioresouces, Serratia
marcescens, Jatropha.

Introduction
Prodigiosin is a multifaceted secondary

metabolite. It is produced by Serratia
marcescens, Pseudomonas magneslorubra,
Vibrio psychroerythrous and other bacteria (1).
The prodigiosin group of natural products is a
family of tripyrrole red pigments that contain a
common 4-methoxy-2,2 bipyrrole ring system (2).
Prodigiosin is thought to have potential for
antibacterial, antimalarial, anticancer, cytotoxic
and immunosuppressive activities (3-7).

Typical media used for the fermentative
production of prodigiosin by S. marcescens
strains are complex media that are rich in a
variety of nutrients (1,8-9). Certain nutrients such
as thiamine and ferric acid (10) are particularly
crucial for prodigiosin production, whereas
phosphate (11), adenosine triphosphate, and
ribose (12) have inhibitory effects on prodigiosin
yield. From an industrial point of view it is
necessity to obtain a suitable medium to
simultaneously enhance the growth of S.
marcescens and the pigment production. Giri et
al. (1) tested a series of media and discovered
peanut seed broth and sesame seed broth to give
significant enhancement of prodigiosin
production.

Traditionally, hydrocarbons and non-
hydrocarbon substrates (fats, oils, glycerol and
carbohydrates) are used for the growth of
microorganism. The choice of inexpensive raw
materials is important to the overall economics
of the process and accounts for 50% of the total
product cost. Inspired from the study of Giri et
al. (1), we screened several oil seed powder and
its oilcakes such as peanut seed powder, castor
seed powder, coconut seed powder, sunflower
seed powder, soybean seed powder, sesame
seed powder (black and white variety) and its
oilcakes as a conventional economical media
source for the production of prodigiosin. An
attempt was also made to use several
unconventional bioresources which are either
toxic to human and animals or a complete waste,
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for production of prodigiosin. The unconventional
bioresources substrates are used in this study
were i) jatropha seed powder, Jatropha curcas
(has a phorbol ester which is toxic to human and
animals), ii) Leucaena leucocephala (subabul)
seed powder contains mimosine, a toxic amino
acid, which precludes it from use in human food
and animal feed, iii) Delonix regia (gulmohar)
seed powder (rich source of protein and oil), and
iv) trash fish powder (a waste) (13).

The unconventional bioresources were
selected in the present study since they are
unsuitable for human and animal consumption
due to health hazard. However, it could have
potential as a carbon/nitrogen source for the
production of microbial metabolites, in this case,
serratiopeptidase (SRP) and prodigiosin from
Serratia marcescens NRRL B-23112.

Materials and Methods
Peanut seed powder (PnSP), castor seed

powder (CsSP), coconut seed powder (CcSP),
sunflower seed powder (SfSP), soybean seed
powder (SbSP), sesame seed powder (SsSP)
(black and white variety) and its oilcakes (OC),
and jatropha seed were purchased from Hakim
Chichi, Surat, Gujarat, India (a famous ayurvedic
shop) and local market of Mumbai. Leucaena
leucocephala (subabul) seed and Delonix regia
(gulmohur) seed were collected from ICT
campus, Mumbai. Trash fish was collected from
local fishermen of Mumbai. All the chemical and
reagents used were of AR grade unless specified.

S. marcescens NRRL B-23112 was a gift
sample from ARS culture collection, USA. It was
maintained on soybean casein digest agar
medium and subcultured after every 15 days. The
slants of S. marcescens NRRL B-23112 were
stored at 6°C in a refrigerator.

Conventional sources for fermentative
production of prodigiosin: Conventional
sources such as peanut seed powder, castor
seed powder, coconut seed powder, sunflower
seed powder, soybean seed powder, sesame
seed powder (black and white variety) and their
oilcakes (OC) were collected and crushed in a

mixer and sieved to fine particles before
preparing the broth. Fine particles of oilseed
powders and oilcakes were stored at 4°C until
further use. For the preparation of broth, 2%
powder of conventional sources in distilled water
was used for prodigiosin production using S.
marcescens NRRL B-23112. The pH of all the
above broth was adjusted to 7.0. All the media
were autoclaved at 121°C for 20 min. All
experiments were carried out in triplicates.

The conventional sources which gave
higher production of prodigiosin such as peanut
and sesame seed powder were further screened
for their concentration in the range of 1 to 5%.

Unconventional bioresources for
fermentative production of prodigiosin:
Jatropha seed powder (devoid of shell), subabul
seed powder and gulmohur seed powder were
collected, crushed in a mixer, and then sieved to
fine particles before preparing the broth. Trash
fish was first sun dried and crushed to fine
particles. Fine particles of unconventional
bioresources were stored at 4°C until further use.
For preparation of broth, 2% fine powder of these
unconventional bioresources was used in distilled
water and evaluated for prodigiosin production
using S. marcescens NRRL B-23112. The pH of
all the above broth was adjusted to 7.0. The
media was autoclaved at 121°C for 20 min. The
experiments were conducted in triplicates.

The unconventional bioresources which
gave higher production of prodigiosin such as
jatropha seed powder was further screened in
the concentration range of 1 to 5%.

Use of defatted jatropha seed powder for
production of prodigiosin: Fat and oil content
in powdered jatropha seed was determined
according to AOAC methods (14) by soxhlet
extraction using 100 ml petroleum ether/g of
powder. Defatted jatropha seed powder 3% and
defatted jatropha seed fortified equivalent
amount of oil in distilled water was used for
production of prodigiosin.

Use of protein-free jatropha seed powder for
production of prodigiosin: To solublize protein,
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3% jatropha seed powder in distilled water was
taken and heated to 70°C for 30 min to solubilize
protein. Suspension of seed powder was cooled
and centrifuged to separate insoluble matter and
kept aside. To the soluble matter, 5% TCA was
added drop wise to precipitate proteins.
Precipitated protein was removed by
centrifugation at 6000 x g for 15 min. Insoluble
matter and supernatant left after protein
precipitation was mixed and adjusted to pH 7 by
using 2 N NaOH and protein-free jatropha seed
powder fortified with equivalent amount of protein
was used for production of prodigiosin.

Analytical methods
Analysis of prodigiosin: The quantitative
determination of prodigiosin was done by
measuring the absorbance at 535 nm using
Double Beam UV-Visible spectrophotometer (á-
Helios, Thermo electron corporation) (15,16). To
the culture broth (0.5 ml), 4 ml of methanol was
added to the test tube and the mixture was
vigorously vortexed for 2 min. The solution was
then centrifuged at 6000 x g for 10 min. A fixed
amount (0.8 ml) of the supernatant was further
mixed with 0.2 ml of 0.05 N HCl:methanol mixture

(4:1 v/v). The optical density of the resulting
solution was measured at 535 nm (OD

535
). The

OD
535

 was converted to mass concentration via
appropriate calibration using in-house purified
prodigiosin as the standard (16).

Analysis of SRP: Determination of SRP activity
is based on its caseinolytic property. The method
was adapted from (17). To the substrate solution
(0.75 ml, consisting of 1.0% w/v casein in 100
mM Tris/HCl, 1 mM MgCl

2
, at pH 8.0), sample

solution (0.1 ml) was added and incubated at
40°C for 30 min. The reaction was quenched with
0.5 ml of 10% (w/v) trichloroacetic acid (TCA) to
precipitate the unhydrolyzed casein. After 15 min,
the reaction mixture was centrifuged at 6000 x g
for 10 min and the absorbance of the supernatant
was determined at 280 nm. One unit of enzyme
activity (EU) is defined as the amount of enzyme
that produces an increase in absorbance of 0.1
at 280 nm under the conditions of the assay. For
blank, 0.5 ml of 10% (w/v) TCA was added to 0.1
ml of sample solution and mixed; further 0.75 ml
of the substrate solution was added and allowed
to stand for 30 min at 40°C and proceeded as
above (18).

Fig. 1. Evaluation of conventional sources for the production of prodigiosin and SRP
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Results and Discussion
Conventional sources for the production of
prodigiosin: Among the various conventional
sources screened for production of prodigiosin,
peanut seed powder and sesame seed powder
produced almost similar amount of prodigiosin
of 4190±150 and 4150±120 mg/l, respectively
(Fig. 1). Higher production of prodigiosin was
reported by Giri et al. (1) using peanut seed
powder and sesame seed powder. In all the
conventional sources screened, oil seed powders
produced higher amount of prodigiosin than its
oilcakes, whereas the oilcakes supported higher
production of SRP as compared to its seed
powder. It is clear from the result that oil content
in the medium inhibited the induction of
metalloprotease from S. marcescens NRRL B-
23112. Highest SRP production of 1025±43 EU/
ml was observed with sunflower oilcake, whereas
coconut power and its oilcake did not support
SRP production. Coconut powder and its oilcake
supported poor production of prodigiosin, which
clearly indicates that high oil content alone is not
suitable for production of prodigiosin, but there
is also need for adequate protein in the
substrates. We also observed a great variation
in production of prodigiosin between black and
while varieties of sesame used in this study. Siva
et al (19) used spoiled coconut for the production
of prodigiosin. They reported maximum
production of 10 mg/l using Serratia rubidaea.

Serratia species is known to produce lipase
which helps in utilization of fatty acids present in
oily seed powder (20). Besides, fatty acids are
known to induce stress in the microorganism
which could induce the production of secondary
metabolites like prodigiosin. When peanut seed
powder and sesame seed powder was mixed
with distilled water, they produced a milky white
emulsion. Due to this, S. marcescens NRRL B-
23112 can easily access nutrients present in seed
powder. We have also observed an interesting
phenomenon which is usually not seen with
standard medium. Prodigiosin produced by S.
marcescens NRRL B-23112 was excreted in the
surrounding media. This could be due the
hydrophobic nature of medium which helped in

extraction of prodigiosin present in the vesicles
near cell wall (21).

Further different concentration of peanut
seed powder and sesame seed powder were
screened for their effect on prodigiosin production
(Fig. 2). 4% peanut seed powder and 3% sesame
seed powder gave highest production of
prodigiosin 5020±120 and 5010±100 mg/l,
respectively. In case of peanut seed powder, the
SRP production decreased with an increase in
its concentration. However no such phenomenon
is observed with sesame seed powder.

Unconventional bioresources for the
production of prodigiosin: Surprisingly, we
found that jatropha seed protein supports highest
production of prodigiosin followed by gulmohur
seed powder and subabul seed powder at
5331±130, 2244±100 and 1010±98 mg/l,
respectively (Fig. 3). Trash fish powder supported
lowest prodigiosin among the unconventional
bioresources screened in this study. The jatropha
seed powder also produced a milky white
suspension when added with distilled water and
eventually converted to dark pink coloured
suspension on growth of S. marcescens NRRL
B-23112.

Jatropha seed powder is a good source of
fatty acid as well as protein (22). Besides, it also
contains high amount of proline, an amino acid
which is a precursor for biosynthesis of
prodigiosin. Giri et al. (1) reported the role of
saturated fatty acid for enhanced production of
prodigiosin. However, jatropha is reported to
contain approximately 80% of oleic
(monounsaturated) and linoleic acid
(diunsaturated). Hence, it can be speculated that
a mixture of saturated and unsaturated fatty acids
could play a role in enhancing production of
prodigiosin.

Further jatropha seed powder was
screened for different concentration and 3% was
found to support highest production of 6000±200
mg/l (Fig. 4). The production of SRP was found
to decrease with an increase in seed powder
concentration.
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Fig. 2. Effect of concentration of peanut seed powder and sesame seed powder for production of prodigiosin

Fig. 3. Evaluation of unconventional bioresources for the production of prodigiosin and SRP
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An attempt was made to find out which
component of the jatropha seed powder is
essential for prodigiosin production. Jatropha
seed powder was defatted which gave a yield of
58±5% w/w (Table 1). Fermentation was carried
out using defatted 3% jatropha seed powder and
defatted 3% jatropha seed powder fortified with
equivalent amount of oil. Removal of oil
drastically decreased prodigiosin production to
2560±100 mg/l, but increased the SRP
production to 2010±150 EU/ml. Fortification of
defatted seed powder with equivalent amount of
oil did not improve the prodigiosin production
significantly. We observed most of fortified oil to
remain in the supernatant of fermentation media
and hence not easily available for growth of S.
marcescens NRRL B-23112. In case of protein-
free 3% jatropha seed powder and protein-free
3% jatropha seed powder fortified with equivalent
amount of protein, we observed same
phenomenon. Hence, it can be concluded that
natural form of jatropha seed powder effectively
supports the production of prodigiosin. Both oil

and protein content is necessary for higher
production of prodigiosin. Wang et al (23)
reported production of 1116 mg/l of prodigiosin
S. marcescens TKU011 when squid pen powder
(a fishery processing waste) was used as
substrate.

Conclusions
Unconventional bioresources would be a

valuable research tool and could become a viable
source for industrial processes. Conventional as
well as unconventional media sources were
found to be promising source for production of
prodigiosin. Jatropha seed powder medium
supported a production that was much higher
than the conventional medium. Therefore, it can
be expected that use of unconventional
bioresources for secondary metabolite
production will become more routine, especially
for high-value-added products. The reason for
such high production with jatropha seed powder
remains unclear and needs detailed investigation.
Its role in newer applications such as natural dye

Fig. 4.  Effect of concentration of jatropha seed powder on production of prodigiosin

Ruchir C. Pansuriya et al

P
ro

d
ig

io
si

n
 (

m
g

/l)

S
R

P
 (

E
U

/m
l)



447Current Trends in Biotechnology and Pharmacy
Vol. 6 (4) 441-448 October 2012, ISSN 0973-8916 (Print), 2230-7303 (Online)

in textiles will make good market in future. Such
waste utilization will result in cost effective
fermentation process development for mass
production of prodigiosin. These unconventional
bioresources can further be studied for
production of other secondary metabolites.
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Abstract
A high proteolytic enzyme producing

marine isolate has been evaluated for its
extracellular protease production with respect to
different major nutritional sources.  The
phylogenetic analysis (16S rRNA ribotyping) of
the isolated strain revealed that  the strain belongs
to Serratia marcescens and the sequence has
been submitted to EMBL under the accession No.
HE613732.  Carbon source utilization profile
indicated that the  isolate has potential to use
wide range of carbohydrates ranging from
monosaccharides to polysaccharides.  This
isolate produces cellulase, amylase and chitinase
extracellularly. Among tested carbon sources,
dextrose among monosacchardies, maltose
among disaccharides and starch among
polysaccharides supported the best growth as
well as enzyme production.  Maltose among all
carbon sources revealed high ratio of biomass
growth Vs enzyme yield.  Type of complex
nitrogen source influenced the enzyme and
biomass production independently.  Tryptone
supported more than 95% improved enzyme
yields compared to combination of yeast extract
and peptone.    Present study revealed that growth
and enzyme production in this isolate is differently
regulated by type of complex nitrogen source.
Yeast extract supplementation supported for
maximum biomass development while other
complex nitrogen sources supported equally for
biomass and enzyme production.  To the best of
our knowledge, this strain revealed higher
enzyme yields compared to literature reports
suggesting commercial potential of this isolate.

Keywords: Enzyme, Fermentation, Isolation,
Protease, Serratia marcescens.

Introduction
Microbial relation with human development

is well recognized as these biological tiny
particles significantly improved biotechnological
and pharmaceutical products (1 - 7).  Among
different microbial  products, proteases  have
been investigated for their possible role in human
health care sector for the treatment of
inflammation and inflammatory disorders and
recognized that certain proteolytic enzymes from
a variety of sources have shown significant
contribution in reduction of inflammation
especially resulting from sickness or injury (8)
or breast engorgement (9).

Serralysin is a proteolytic enzyme initially
isolated from Serratia marcescens, a potentially
pathogenic bacterium, found in the gut of the
Japanese silkworm. The isolated protein belongs
to alkaline metalloprotease and known to activate
the Hageman factor-kallikrein-kinin systems of
mammals and directly involve in degradation or
inhibition of IgG and IgA immune factors as well
as regulatory proteins such as 2-macroglobulin,
2-anplasmin and anti-thrombin III (10, 11).
Because of these functionalities, it is
administered in dietary supplements for the
treatment of assorted inflammatory disorders in
Asia and Europe, it gained wide clinical usage
as cardiovascular, anti-inflammatory, respiratory,
or immune support agent and as an adjunct to
antibiotic therapy (12) and to treat other chronic
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inflammatory diseases, like atherosclerosis,
arthritis, bronchitis, carpel tunnel syndrome,
fibrocystic breast disease, and sinusitis (13).
Recent studies have even suggested the use of
oral serratia peptidase, aid in the prevention of
viral infections, such as AIDS and hepatitis B and
C (14).  Several microbial strains belonging to
Serratia marcescens have been well documented
in the literature for production of Serratia
protease/peptidase (15 - 19). Subsequently, this
enzyme also reported from different bacterial
strains including Pseudomonas aeruginosa,
Proteus mirabilis and Escherichia freundii (20).
Much attention has been focused on serralysin
production by Serratia marcescens due to its
potential for higher enzyme yields compared to
literature reports (1). The production yields in
these strains regulated by nutritional parameters,
fermentation growth conditions especially organic
nitrogen sources (21, 22).  The growing interest
in the world wide in use of this protease in dietary
supplement  and along with high price for this
enzyme in the  are some of the powerful appeals
that lead to search for new protease producing
sources and subsequent bioprocess
development.  In this context, authors reported
isolation and biochemical characterization of
bacterial strain belongs to Serratia sp (1).  Since,
the isolated strain’s revealed characters similar
to genus Serratia, further studies would offer a
better understanding of the strains potential at
industrial scale, hence in the present
investigation, efforts have been made to
characterize this isolate based on phylogenetic
analysis for identifying the same at species level
followed by understanding the culture conditions
role on improvement of proteolytic enzyme yields.
The data revealed that the isolated strain belongs
to Serratia marcescens and type of nitrogen
source play a regulatory role in ratio of biomass
and serralysin yields.

Materials and Methods
Organism identification: Previously isolated
Serratia sp. (1) from marine habitat was used in
this study. This isolated strain was grown on
nutrient agar slants at 30oC and sub-cultured

regularly in the same respective medium. For
growth and inoculum development the nutrient
broth was used.

Phylogenetic analysis: Phylogenetic
characterization of Serratia sp. was performed
based on 16S rRNA amplification and nucleotide
sequencing. The obtained nucleotide sequence
was used as query to search for homologous
sequence in the nucleotide sequence databases
by running BLASTN program. Using Gene bank
database, the high scoring similar to 16S rRNA
gene sequences were identified and aligned
using Clustal W Alignment option followed by
phylogenetic tree construction using the
neighbour-joining method in MEGA 5.0 program
(5). Bootstrap analysis was carried out of the
neighbour-joining data, using 1000 representative
samplings, to evaluate the validity and reliability
of the tree topology.

Production media and culture conditions:
Medium consisting of (%, w/v) Yeast extract - 1%,
Peptone - 1%, Dextrose - 1%, MgSO

4 
- 0.02%,

KH
2
PO

4 
- 0.05%, NaCl - 0.25%, CaCl

2
 - 0.002%

adjusted to pH 7.0 was used for the enzyme
production.   For all experiments, inoculum
developed by growing the isolate in nutrient broth
for 18 h was used after adjusting the optical
density to 0.8 (OD

600nm
).   For bulk production of

enzyme, 1% inoculum was added to 50 ml
production medium in 250ml conical flasks and
then incubated at 30oC for 3 days. Samples
withdrawn at specific time intervals were
centrifuged at 10,000 rpm for 10 min and the
supernatant used as enzyme source for assay.
All the culture conditions were same unless
otherwise mentioned.

Protease assay: Protease activity was analyzed
according to modified (1) method of Anson (23).
A suitable blank was run simultaneously, in which
TCA was added to the enzyme solution, followed
by substrate addition. One unit (U) of proteolytic
enzyme activity was defined as the amount of
enzyme that liberated 1µg tyrosine per ml per
minute from casein under specified assay
conditions.
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Effect of carbon and nitrogen sources: The
effect of carbon and nitrogen sources on
protease production by this strain was studied
by replacing the respective medium components
with the selected sources. The samples were
withdrawn aseptically every 3h, where cell density
was monitored using UV-Visible
spectrophotometer at 600nm and enzyme activity
measurement as described above.

Results  and Discussion
Proteolytic enzymes are ubiquitous in

nature and are distributed in all living organisms.
They have biological significance especially in
maintenance of cell growth and differentiation.
However, their production yields differ
considerably in microbial strains and mainly
influenced by nutritional status of the growth
medium or environmental nitch and enzyme yield
values differ with biological source.  This warrants
selection of microbial strain depending on the
application.  In view of the isolated strain potential

in enzyme yield compared to literature cited
(Table 1).  In the present study Serratia
marcescens RSPB11 was characterized
phylogenetically and investigated in detail with
respect to biomass and enzyme yield regulatory
role of different carbon and nitrogen sources.

Molecular characterization of the isolate:
Initial biochemical, physiological and
morphological evaluation, revealed  that the
isolated serralysin producing strain belongs to
Serratia sp RSPB11 (1). In view of this Serratia
sp. RSPB11 with higher enzyme production
potential to that of various strains reported in the
literature (Table 1), further identification of this
isolate was investigated phylogenetically based
on molecular characterization. In order to
evaluate the same the genomic DNA of the
isolate were amplified and analyzed for
molecular-based identification. The purified gene
sequence revealed that it contains 1506 base
pairs. Blast analysis denoted 99% similarity to

 Serralysin production in Serratia marcescens

Fig. 1. Neighbor joining phylogenetic tree constructed according to Kimura two parameter models is showing
phylogenetic relationship of Serratia marcescens RSPB11 with the members of the genus Serratia
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Serratia marcescens family and so the isolate
was designated as Serratia marcescens
RSPB11. Phylogenetic tree was constructed by
taking the sequences obtained in the BLAST
search, using Pseudomonas aeruginosa
(JN377436.1) as an outer group. (Fig. 1) shows
the phylogenetic tree representing the similarity
of S. marcescens RSPB11 with other group
members.  The obtained 16S rRNA gene
sequence of 1506bp length was deposited at to
EMBL database under accession number
HE613732.1.

Enzyme yield improvement studies: Any
microbial metabolite/enzyme yield highly
depends on the metabolic functions of the
selected strain which is generally regulated by
growth environment (nutritional, physiological and
biological growth parameters) and genetic nature.
Hence, desired product yields could be achieved
by understanding the influence of above factors
on biomass growth and monitoring of product
yields with the function of fermentation time.
Literature supports could be evidenced for
several microbial products on supplementation
of nitrogen and carbon source as well as variation
of concentration.  Subba Rao et al., (6)
demonstrated that extracellular alkaline protease
production in Bacillus subtilis is regulated by
glucose as carbon source and other growth
conditions.  The authors improved the protease
production more than 400% by optimizing the
bioprocess conditions.  In view of the above,
experiments are planned to evaluate different
bioprocess parameters on serralysin production
by isolated S. marcescens RSPB11.

Effect of Carbon sources: Carbon source is one
of the macronutrients and a constituent of most
of macromolecules of any living organisms and
also required for any microbial metabolism and
associated product production in addition to
biomass growth.   In general, glucose is
considered as the best metabolizable carbon
source hence, extensively used as major carbon
source for microbial based compound/
metabolite/enzyme production by various

investigators (24). However, variations do exist
and carbon source mediated regulations in
enzyme yields have been reported in several
microbial strains (2 - 7).  Hence, impact of
different carbon sources on serralysin production
by this isolated microbial strain was studied by
replacing the dextrose in the fermentation
medium with selected carbon source in the same
concentration i.e. 1.0% (w/v) and measuring the
enzyme production after 48 hours of bioprocess.
The data presented in Fig. 2a revealed that
serralysin production differed with type of carbon
source indicating the metabolism of microbial
strain differs with the carbon source availability
for growth of organism. Dextrose as carbon
source supported maximum enzyme production
among all test carbon sources while, least
serralysin yield observed when medium
supplemented with starch (3055 U/ml) and chitin
(3350 U/ml) as carbon sources.  Further, among
different disaccharides such as sucrose,
galactose, and maltose used as sole carbon
sources, maltose and galactose supplementation
showed 25% higher serralysin production
compared to sucrose.  It is interesting to observe
that arabinose, fructose, mannose and xylose
also serve as carbon source and supported
serralysin production 3730, 3975, 3755 and 3870
U/ml, respectively (Fig. 2a) in this isolate
suggesting that this isolate has potential to utilize
different carbon sources and support metabolism
mediated enzyme production. Based on above
results dextrose, fructose, galactose and maltose
were selected to further evaluate their impact on
serralysin production with respect to incubation
time. The data presented in this ms is contradict
with literature reports where an increased alkaline
protease production reported by several other
studies with the use of different carbohydrates
such as sorbitol and starch (25), sucrose (26)
and maltose (18) indicating that the best carbon
source for enzyme production is different and
influenced by microbial genetics.  Mohan Kumar
(27) working with S.marcescens reported that
dextrose is the best carbon source.  Dextrose at
1% level supported for optimized serralysin
production with 5465 U/ml (Fig. 2b), followed by
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fructose (5300 U/ml), maltose (4640 U/ml) and
galactose (4310 U/ml) at 42h of fermentation.
Highest biomass yield was also observed in case
of dextrose (Fig. 2b) followed by fructose,
galactose and maltose. A stationary phase has
been attained after 36hours for all the sources
and showed stable growth till 72hours. In case
of maltose even though the biomass was less, a
higher enzyme production was achieved
compared to fructose and galactose after 48
hours.

 Critical evaluation of relation between
carbon source and enzyme production by this
isolated strain revealed that this microbe has
potential to metabolize different carbon sources
ranging from polysaccharides to
monosaccharides.  However, there is no trend is
noticed.   Among all tested carbon sources,
monosaccharides regulated positively on
metabolism based enzyme production.  The
observed enzyme production with the utilization
of cellulose, starch and chitin do suggested that
this isolate has potential to produce these
polysaccharides degrading enzymes and
subsequently convert to monomeric carbon
compounds and utilize for metabolism associated
serralysin production.  This was further confirmed
by analyzing the cellulase, amylase and chitinase
production of the isolate and noticed that these
polymer degradation enzymes were produced in
the medium during fermentation process (Fig. 3).
This character is most essential for commercial
production of serralysin using this isolate which
will reduce the bioprocess economics. However,
the noticed difference in serralysin enzyme
production yields with cellulose, starch and chitin
as sole carbon source may be attributed to
variation in polymeric carbon source degrading
enzyme production.

 Serralysin production in Serratia marcescens

Fig. 2. Influence of different carbon sources on
serralysin production by Serratia   marcescens
RSPB11 with the function of fermentation time

Fig. 3. Petri plates showing the Serratia marcescens
RSPB11 with a potential to produce  extracellular
amylase (a) and cellulase (b) and chitinase (c)
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Effect of nitrogen sources: In microorganisms,
nitrogen plays a significant role in metabolism.
Nitrogen is one of the integral elements of bio-
molecules like amino acids, nucleic acids,
proteins and cell wall components.  Generally
microbes absorb nitrogen from growth
environment either in organic or in inorganic
forms. Alkaline protease production depends
heavily on the availability of nitrogen sources in
the medium, which has regulatory effects on
enzyme synthesis (9). Although complex nitrogen
sources were usually recommended for
proteases production, the requirement for a
specific organic nitrogen supplement differs from
organism to organism. In the present study,
protease production ranged between 5005 and
9845 U/ml indicating the influence of type of
nitrogen source on metabolism of isolated strain.
Tryptone gave a maximum production of 9845
U/ml followed by Casaminoacids (9320 U/ml),
Casein enzyme hydrolysate (8910 U/ml),

Casitone (6710 U/ml) and Yeast extract-Peptone
(5005 U/ml) after 48h (Fig. 4). Mohankumar and
Raj working with soil isolate S.marcescens
reported that optimized enzyme production with
the supplementation of tryptone (27) while Patil
et al reported maximized enzyme production with
the support of casamino acid (28).

Chemically, casitone and tryptone are rich
sources of amino acids. The presented data
indicated that replacement of casitone and
tryptone  by yeast extract and peptone, improve
enzyme yields.    In fact, other complex nitrogen
sources like beef extract, meat extract, malt
extract and soya-peptone, though supported the
growth however not improved protease
production to that of casamino acids (Fig. 4a).
The observed higher support of yeast extract for
growth and lower enzyme production in this strain
compared to other selected complex nitrogen
sources may be attributed to compositional

Lakshmi Bhargavi et al

Table 1. Serralysin production from different sources at various cultivation conditions

Organism Production medium Growth Enzyme Comments Ref
conditions activity

Serratia Maltose 4.5%, Soybean pH 6.0, 25oC, 7,333 Optimized (14)
marcescens meal 6.5%, K2HPO4 0.8%, 180rpm 1% EU/ml at through EVOP
NRRL B-23112 NaCl 0.5% inoculum 48h  design

Serratia Beef extract 0.3%,Yeast pH 6.0,  30oC, 281.23 Plackett-Burman (26)
marcescens extract 0.3%,NaCl 0.5%, 100rpm 1% U/ml at and RSM designs
SB08 Peptone 0.5% inoculum  51h applied

Serratia Casein 1%, Soybean meal 25oC, 200rpm 9100 U/ml Recombinant (30)
marcescens 2%, (NH4)2HPO4 1%, NaCl strain
ATCC27117 0.1%, KCl 0.05%,CaCl2

0.02%, MgSO4 0.02%,
Soybean oil 0.3%

Serratia Squid pen powder 1.5%, pH 7.5, 195 U/ml Two types of (31)
ureilytica K2HPO4 0.1%, MgSO4 25oC,150 rpm, proteases

0.05% 72h detected

Serratia Glucose 1%, Tryptone 2%, pH 7.0, 30oC, 9845 Shake flask           Present
marcescens MgSO4 0.02%, K2HPO4 150 rpm U/ml at fermentation            work
RSPB11 0.05%, NaCl 0.5%, CaCl2  48h

0.002%
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nature as yeast extract known to contain several
key nutrients such as vitamin, nucleic acid, lipid.
etc.  Though these nutrients may also present in
beef, malt and soya peptone, the ratio of biomass
and serralysin yield was higher  in above complex
nitrogen sources supplementation compared to
yeast extract.  This further may be attributed to
the ratio of above nutrient composition might be
the regulating factor for biomass and metabolism
mediated protease production in this isolate.
Further analysis suggested that all tested organic
nitrogen sources supported biomass
development however, maximum biomass
growth was observed when combination of
peptone and yeast extract was used (Fig. 4b).

Analysis of biomass production in the
present study denoted that the medium
containing yeast extract and peptone supported
the growth and maximum cell density was
attained in 42 hours of growth (Fig. 4b) compared
to all other nitrogen sources however, the enzyme
production was very low. Similar effect was
shown for Bacillus sp., Vel, (28) and other marine
isolate S. marcescens (29) where growth was
best supported by a combination of peptone and
yeast extract, while the optimum protease
production was with casaminoacid. This data is
in support with observed protease production
results in the present study.  Whereas Venil and
Lakshmanperumalsamy reported that higher
concentration of nitrogen sources suppress the
protease synthesis in S.marcescens SB08 (26).
The observed growth and enzyme production in
isolated S. marcescens RSPB11 further
suggested that casaminoacid as nitrogen source
support higher biomass and stable enzyme
production throughout the stationary phase.
Since this nutrient is a hydrolysed form of casein
it might help in supplying the essential
aminoacids required for protein degradation and
a stationary growth. From this study it has been
observed that optimization of nitrogen source
resulted in a further increase in serralysin
production of about 4.475 fold compared to the
basal medium under un-optimized conditions.
From the results it is interesting to note that higher
biomass may not be necessary for higher
enzyme production.
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Abstract
Chlorophytum borivilianum belonging to the

family Liliaceae is commonly called safed musli.
It is a perennial rhizomatous herb widely
distributed in the pan tropical regions which
contains pharmaceutically important saponins.
Among the saponins, stigmasterol and hecogenin
as the major secondary metabolites are
responsible for the various biological activities
viz. aphrodisiac, antioxidant, anticancer and
immune booster. Due to the immense medicinal
uses the convemtional propagation is not
sufficient to meet the commercial demand. So,
micropropagation of such conventiaonally
propagated plants is very essential to meet the
commercial demand as well as to ensure easy
storage and transportation of disease free stocks.

The leaf sheath from in vitro raised plants
was used for induction of callus on MS basal
media fortified with 1mg/l of 2,4-D. Somatic
embryogenesis and plant regeneration was
observed from the callus obtained from MS basal
media. Stigmasterol and Hecogenin were
quantified from the callus and in vitro regenerated
plants of C. borivilianum. Maximum stigmasterol
production (3.265 mg/gm dry weight) was
observed from plants regenerated from somatic
embryos, which is 5.4 fold higher than the amount
of stigmasterol in undifferentiated callus cultures
(0.6 mg/gm). Maximum hecogenin production
(43.55 mg/g) was observed in plants regenerated

from somatic embryos, which is 27.9 fold higher
than the amount of hecogenin in callus cultures
(1.56 mg/gm). The present study reports higher
production of medicinally important stigmasterol
and hecogenin in regenerated plants in
comparision to the callus cultures.

Key words: Chlorophytum borivilianum (Safed
musli), Stigmasterol, Hecogenin, Somatic
embryogenesis, Quantification

Introduction
Plants synthesize an extensive array of

secondary metabolites, with highly complex
structures. Since chemical synthesis of most
important secondary metabolites of
pharmaceutical importance is not economically
feasible, they are isolated from cultivated or wild
plants (1). Nutraceutical industry in India is at a
blooming stage (2,3,4). The world health
organization has estimated that more than 80%
of the world population in developing countries
depends primarily on herbal medicines for basic
healthcare needs (5).To meet the barrier between
demand and supply biotechnological production
in plant cell cultures is an alternative which gained
limited success because of lack of knowledge in
understanding the synthesis of these metabolites.
Severe bottlenecks are identified for the
production of medicinal compounds on a
commercial scale, which include poor biomass
productivity due to insufficient knowledge on

 Production of  Pharmaceutically  Important Saponins
from in vitro Regenerated plants of Chlorophytum

borivilianum

Gayathri Bathoju and Archana Giri*
Centre for Biotechnology, Institute of Science and Technology, Jawaharlal Nehru Technological

University, Kukatpally, Hyderabad- 85,
*For Correspondence - archanagiriin@yahoo.co.in

Production of Saponins



459Current Trends in Biotechnology and Pharmacy
Vol. 6 (4) 458-463 October 2012, ISSN 0973-8916 (Print), 2230-7303 (Online)

biosynthetic pathways or sensitiveness to shear
stress (1). Chlorophytum is considered as the
major herbal plant which has high commercial
importance, thirteen species of Chlorophytum
have been reported from India (4,6,7) among
which C. borivilianum is having the highest
saponin content. C. borivilianum, commonly
known as Safed musli, belongs to family
Liliaceae. In India C. borivilianum is mainly
distributed in Southern Rajasthan, North Gujarat
and Western Madhya Pradesh (3). Major
biochemical constituents of Safed musli are
Saponins (3), among which stigmasterol and
hecogenin are two major pharmacologically
important saponins. C. borivilianum has
therapeutic applications in ayurvedic system of
medicine (4,3,7). Fasciculate roots of C.
borivilianum are used as tonic and constitute
important ingredient of many ayurvedic and unani
preparations. Roots are used for the preparation
of nutritional tonic used in general sexual
weakness and enhanced antioxidant property.
Further, plant cell/organ cultures are restricted/
altered by the environmental, ecological and
climatic conditions hence cells can proliferate at
higher growth rates in comparison to the
conventional methods. The ability to produce
morphologically and developmentally normal
embryos and whole plants from undifferentiated
somatic cells in culture, through the process of
somatic embryogenesis are the potential models
for studying early events in plant embryo
development. Somatic embryos are induced from
in vitro grown callus cultures by a relatively simple
manipulation of the culture conditions. In this
technique limited initial explants and space for
multiplication was used through phenomenon
based on totipotency concept. This research work
was undertaken to study the secondary
metabolite production under in vitro condition in
C. borivilianum from cultures of various
differentiation stages.

Materials and Methods
Chemicals and Reagents: MS media, Indole-
3-Butyric acid, agar were from Himedia, India.
Methanol of analytical/ HPLC grade, Acetic acid

of HPLC grade were procured from Merck.
Standard stigmasterol was supplied by Tokyo
chemical industry Co. Ltd, Japan and hecogenin
by MP Biochemicals, LLC, France.

Plant material: Plant material of Chlorophytum
borivilianum- santapau and fernandes was
collected from Agro farms of Nandan Biomatrix
ltd., Hyderabad.

In vitro culture establishment : Different
explants (viz, leaf tip, leaf sheath, rhizome)  were
cleaned and surface sterilized with 0.1% mercuric
chloride for 7 minutes and then rinsed with sterile
distilled water thoroughly. The sterile explants
were cultured onto Murashige and Skoog (MS)
agar medium supplemented with different
concentrations of 2, 4-D (0.5, 1.0, 1.5, 2.0 mg/l).
The pH of this media was adjusted to 5.88 before
autoclaving (121°C for 15 min at 15 lbs pressure).
The cultures were incubated under controlled
environmental conditions at 25±2° C with 16/8
hrs light/dark regime at 3,000 lux. These cultures
were sub-cultured at an interval of 28 days.

Estimation of saponins: Samples of
undifferentiated callus, differentiated callus and
regenerated plant from callus were collected at
different stages of development and the amount
of stigmasterol and hecogenin (8).

Phytoconstituent extraction from
Chlorophytum borivilianum : The dried tissue
samples were ground and extracted in methanol
using a soxhlet apparatus. The extract was
filtered, dried and the dried powder was extracted
with 1ml of HPLC grade methanol. The samples
were filtered using (0.22µm) Millipore filters,
followed by quantification. Two major saponins
stigmasterol and hecogenin were quantified using
HPLC (8).

Quantitative estimation of stigmasterol and
hecogenin : HPLC analysis was carried out
using the Shimadzu—LC-10AT VP series HPLC
system equipped with a Supelco column (250x4.6
mm, C18, ODS with particle size of 5 µm) with a
flow rate of 1ml/min.

Gayathri Bathoju and Archana Giri
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The mobile phase for stigmasterol was methanol,
water and Acetic acid in the ratio of 70:30:1, and
for hecogenin methanol and water in the ratio of
90:10. Stigmasterol was detected at 254 nm and
hecogenin was detected at 210 nm (8).

Statistical analysis: The experiments were done
in triplicate. Statistical analysis of data was carried
out using ANOVA. The data was compared by
the least significance difference (Pd”0.05).

Results and Discussion
Initiation of callus: Different explants viz : leaf,
leaf sheath, rhizome were tried for callus initiation
on MS media supplemented with different
concentrations of 2,4-D (0.5—2.0mg/l). Only leaf
sheath explant responded for callus induction rest
of the explants did not show any sign of
dedifferentiation (Table-1). Among different
concentrations of 2,4D, 1mg/l proved to be the
best (Fig. 1, 2a  and 2b).

The callus was further maintained on the
same media for few subculture (4-5) passages.
When transferred to media devoid of 2, 4-D the
callus gave rise to somatic embryos after 21 days
of inoculation. These somatic embryos on further
growth gave rise to plantlets on MS basal media
(Fig. 3a and 3b).

Production of Stigmasterol at different
stages of development in Chlorophytum
borivilianum: Stigmasterol a pharmaceutically
important saponin of Chlorophytum borivilianum
was quantified at different stages of differentiation
from callus to regenerated plant. Maximum
amount of stigmasterol was observed from plants
regenerated from somatic embryos (3.265 ±0.13
mg/gDCW) whereas (0.6±0.1mg/gDCW) was

Production of Saponins

Fig. 1. Formation of callus from leaf sheath, explant
on MS medium supplemented with 1mg/l 2,4-D.

Fig. 2b
Fig. 2 a and 2b. Somatic embryogenesis from callus
on MS basal media devoid of 2,4- D.

Fig. 2a

Table 1. Response of different explants and 2,4 –D
concentrations for callus induction.

Phytohormone Concentration Explants % response
(mg/l)

2,4 – D 0.5 -- Nil
1.0 Leaf sheath 43.6± 0.45
1.5  Leaf sheath 46.9 ± 0.30
2.0  Leaf sheath 45.2 ±0.35
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obtained from early callus and (0.92±0.1 mg/
gDCW) from differentiating callus (Fig. 4).

Production of Hecogenin at different stages
of development in Chlorophytum borivilianum:
Hecogenin a pharmaceutically important saponin
of Chlorophytum borivilianum was estimated at
different stages of differentiation from callus to
regenerated plant. Among the callus extracts
tested for the presence of hecogenin, a maximum
of 43.55±0.52 mg/gDCW was observed in plants
regenerated from somatic embryos when
compared to the early callus (1.56±0.49 mg/
gDCW) and differentiating callus (3.28±0.32 mg/
gDCW) (Fig. 5).

 This is the first report of production of
stigmasterol and hecogenin at different stages
of differentiation from callus cultures of
Chlorophytum borivilianum. The amount of
stigmasterol and hecogenin was found to be very
low in case of young (Undifferentiated) callus
(0.6±0.2 mg/gDCW stigmasterol and 1.56±0.07
mg/gDCW of hecogenin), which increased with
further differentiation of callus to plantlets. Callus
after 48 days accumulated 0.92±0.03 mg/gDCW
stigmasterol and 3.28±0.12 mg/gDCW
hecogenin. However, maximum stigmasterol
(3.265±0.02 mg/gDCW) and hecogenin
(43.55±0.41 mg/gDCW) could be observed from
plants regenerated from somatic embryos. The
stigmasterol content from regenerated plants was
5.4 fold higher (P < 0.05) when compared to the

Gayathri Bathoju and Archana Giri

Fig. 3a      Fig. 3b
Fig.3a and 3b. Plant regeneration from somatic embryos on MS basal media devoid of 2,4-D.

Fig. 4. Production of stigmasterol at various stages
of differentiation

Fig. 5. Production of Hecogenin at various stages of
differentiation
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early callus and that of hecogenin is found to be
27.91 fold higher (P < 0.05) when compared to
the early callus.

The first product shikonin of tissue culture
produced from Lithospermum erythrorhizon
which was economically viable (1).  Ansari and
Asghari (8) in 2008 reported on the production
of gingerol and zingiberene along the
differentiation process. This study indicates that
accumulation of secondary metabolites result
from complex metabolic changes accompanying
the differentiation of cells in plants wherein
biosynthetic pathways are initiated.

 The positive role of 2,4-D for callus
induction has been reported in other species
(9,10,11). In Ceropegia candelabrum L. 2,4-D and
BAP/Kn combinations were efficient in callus
induction from internode and leaf explants (12).
Higher concentrations of NAA and BAP
stimulated callusing at basal end in case of
Clitoria ternatea L. (13). Moreover, the
regenerated plantlets obtained via the callus
phase were shown to accumulate higher
amounts of secondary metabolites in
comparision to the normal in vitro multiplicated
shoots and the in vivo plants (14)

This shows that different plant species
exhibit differences towards phytohormones and
explants for the callus induction.
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Abstract
Background: Traditional systems of medicine are
often a valuable source of novel antimicrobials.
Dima Hasao Hill district is endowed with rich
cultures of traditional system of medicine and this
study is the first of its kind from the area.  The
aim of the study is to to assess the antimicrobial
efficacy of Trema orientalis Blume (Ulmaceae)
on six selected bacterial strains. The minimum
inhibitory concentrations were determined with the
aqueous extract to validate the application of the
plant species in traditional medicine.

Methods: Plant materials were collected after prior
informed consent and processed using standard
herbarium technique. Antimicrobial activity was
determined by Kirby-Bauer Agar Disc Diffusion
method with slight procedural modifications.
Minimum inhibitory concentration of the aqueous
extract was determined with standard antibiotics
as positive control.

Result: The selected bacterial strains were highly
susceptible to the test material. Aqueous extracts
showed fairly good activity. The zones of inhibition
of all the test materials ranged from 11 to 15 mm.
MIC of aqueous extract showed inhibition of
bacterial growth at a concentration as low as
0.625 mg/ml.

Conclusion: T. orientalis is a potentially good
source of antibacterial agent. The efficacy against
the selected bacterial strains and the resultant
MIC values corroborates with its application in
traditional medicine.

Keywords: Antimicrobial; Dima Hasao Hill
district; Trema orientalis; plant extracts.

Introduction
According to the World Health Organization

(WHO), infectious diseases are the primary cause
of deaths worldwide and they account for more
than 50 % of the death in tropical countries (1).
To combat such diseases, a number of antibiotics
have been produced by pharmacological
industries worldwide, but the resistance of
microbes has also increased in parallel. Further,
bacterial strains are becoming increasingly
resistant to most of the antibiotics available in the
market. This has resulted in multiple drug resistant
microbial strains, and to combat them, copious
number of synthetic drugs especially in the
developing countries (2). Moreover, some
antibiotics have serious undesirable side effects
that limit their application.

There is a resurgence of interest in herbal
medicines due to the increased awareness of the
limitations of synthetic drugs and their undesirable
side effects and the need to discover new
molecular structures as lead compounds from
plants. The potential of higher plants as source
for new drugs is still largely unexplored. Among
the estimated 250,000-500,000 plant species,
only a small percentage has been investigated
phytochemically and the fraction submitted to
biological or pharmacological screening is even
smaller. Thus, any phytochemical investigation of
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given plant will reveal only a very narrow spectrum
of its constituents (3).  Historically,
pharmacological screening of compounds of
natural or synthetic origin has been the source of
innumerable therapeutic agents. Random
screening as tool in discovering new biologically
active molecules has been most productive in the
area of antibiotics (4, 5). Even now, contrary to
common belief, drugs from higher plants continue
to occupy an important niche in modern medicine.
On a global basis, at least 130 drugs, all single
chemical entities extracted from higher plants, or
modified further synthetically, are currently in use,
though some of them are now being made
synthetically for economic reasons (6).  Many
efforts have been made to discover new
antimicrobial compounds from various kinds of
sources such as micro-organisms, animals, and
plants. One of such resources is traditional
medicines. Systematic screening of them may
result in the discovery of novel effective
compounds (7).

Dima Hasao Hill district, a small district of
Assam, North-East India, located between 92º37

/

E - 93º17
/
E longitudes and 23º30

/
N - 25º47

/
N

latitudes, lies in one of the world’s 12 mega
biodiversity hotspot regions. It is a living
anthropological museum of many ethnic tribes,
such as Dimasa, Zeme-Naga, Hmar, Kuki, Biate,
Hrangkhol, Khelma, Jaintia, Karbi, Vaiphei etc.,
each with their own unique cultures and traditional
system of healing. The small hill district has a
total population of 1, 86,189 with a density of 38
persons per square kilometer, the lowest in the
state of Assam (2001 census). The tribal villagers
have considerable knowledge on the use of both
conventional and non conventional plants for
curing many common as well as severe ailments.
The use of plant extracts and phytochemicals,
both with known antimicrobial properties, can be
of great significance in therapeutic treatments. In
the last few years, a number of studies have been
conducted in different countries to prove such
efficiency (8-12). Much work has already been
done in India also (13-19) but very few reports
exist from North-East India and such works has

never been taken up from Dima Hasao Hill district
of Assam.

A perusal of the available literature reveals
that although reports on the application of plants
from the northeastern region of India has
exceeded 1350 species with ethnomedicinal
uses, 665 as food plants and 899 species for
miscellaneous uses (20), the small hill district still
remains virtually unexplored except some
sporadic reports by Tamuli et al., Sajem et al.,
and Rout et al (21-26).   Set in this backdrop,
Trema orientalis Blume., (Fig. 1), an evergreen
tree, commonly found in the district, has been
selected for antimicrobial screening (Table 1). The
present paper describes the antibacterial activity
of the bark extracts of Trema orientalis Blume.,
against six different bacterial strains viz.,
Klebsiella pneumoniae, Pseudomonas
aeruginosa, Proteus vulgaris, Staphylococcus
aureus, Bacillus subtilis and Escherichia coli.

Methodology
Plant material: The plant species (Fig. 1) was
selected on the basis of its reported use against
cuts and infected wounds by the Hmar and Zeme
Naga tribes (Table 1) from the study area. Plant
materials were collected from the traditional
healers after prior informed consent. The species
is identified using relevant literature (27-29) and

Fig. 1. Trema orientalis plant used by the Hmar and
Zeme tribes of North Cachar Hills district of Assam
for the treatment of infected cuts and wounds.
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in consultation with the Botanical Survey of India,
BSI/APC (ARUN Herbarium,) Itanagar and BSI
(Kanjilal Herbarium), Eastern circle, Shillong.
The voucher specimen has been processed
through standard herbarium techniques (30-31)
and submitted in the Department of Ecology and
Environmental Science, Assam University,
Silchar, Assam, India.

Preparation of Extracts: Barks of healthy plants
were collected from the study sites, washed
thoroughly in tap water and dried in a dark room
at normal temperature for 15 days. They were
then grounded to fine powder using an electric
blender. The powdered samples were then
extracted following standard procedures with
slight modification (32). An amount of 5g of
powdered material were soaked separately in
40 ml each of four different solvents namely
distilled water, ethanol, methanol and acetone
by keeping in a shaker for 3 days. The extracts
were filtered with Whatman filter paper no.1 and
reduced to 10 percent of their original volume
by concentrating in vacuum using a rotary
evaporator.

Inoculums: The test microorganisms namely,
Klebsiella pneumoniae ATCC-13588,
Pseudomonas aeruginosa ATCC-1037, Proteus
vulgaris ATCC-128, Staphylococcus aureus
ATCC-0016, Bacillus subtilis ATCC-9372 and
Escherichia coli ATCC-0127, were obtained from
the Department of Biotechnology, Assam
University, Silchar. The organisms were
inoculated in to Mueller Hinton broth and
incubated at 37ºC overnight to bring them into
their mid-logarithmic phases of growth. The
bacterial cells were harvested by centrifuging at
500g for 15 minutes. The pellets formed were
washed twice with phosphate buffer saline (PBS)
and the cells were counted by a haemocytometer
(33). The bacterial cells were then diluted at
approximately 105 CFU (colony forming unit) per
milliliter before use (33).

Determination of antibacterial activities:
Determination of the antibacterial activity of the
extracts was performed by Kirby-Bauer Agar Disc
Diffusion method with slight procedural

Antibacterial efficacy of Trema orientalis
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modifications (34). The agar plates were prepared
by pouring 15 ml of molten Mueller Hinton agar
media into sterile petriplates. The plates were
allowed to solidify for 5 minutes and the agar
medium was inoculated with test microorganisms
by pour plate method. Discs (5mm diameter) were
punched in Whatman number 1 filter paper. The
dried and sterilized disc was then impregnated
with known amount of the plant extract (50mg/
disc). The loaded disc was placed on the surface
of the medium and the compound was allowed
to diffuse for five minutes. The plates were then
kept for incubation at 37ºC for 24 hours. The
antibacterial activity was assessed by measuring
the diameter of zone of inhibition of the respective
extracts with the help of a transparent ruler in
millimeter (Table 1).

Minimum Inhibitory Concentration (MIC):
Minimum inhibitory concentration of the aqueous
extract was determined as described by Kabir et
al (35).  The test was performed by serially diluting
the extracts to various concentrations ranging
from 10 mg/l to 0.02 mg/l. Each volume of each
extract and nutrient broth were mixed in a test
tube and the inoculum size was adjusted so as to
deliver a final inoculum of approximately 10

5
 CFU

per ml. Triplicates were maintained along with two
control tubes for each test batch-tubes containing
the growth medium, physiological saline and the
inoculum (organism control) and tubes containing
extract and the growth medium without inoculum
(antibiotic control). The tubes were inoculated at
37°C for 24 hours. The lowest concentration of
extract that produced no visible bacterial growth
(no turbidity when compared with control tubes
was regarded as MIC. Minimum inhibitory
concentrations of standard antibiotics  against the
bacterial strains taken were also determined as
positive control.

Results and Discussion
The profile of the plant used in this study

is shown in Table-1.  The Table-2 demonstrates
the antibacterial activity of the plant extracts in
different solvents. The study showed that all the
bacterial strains used in the present study were
highly susceptible to the test material. Ethanolic

and methanolic extracts against S. aureus
showed maximum activity against the
microorganisms studied. The zones of inhibition
of all the test materials against the gram positive
bacteria ranged from 12 to 15 mm and that of the
Gram negative bacteria ranged from 11 to 14 mm
showing that Gram negative bacteria is marginally
more resistant in agreement with previous reports
(36-40).

Table-3 shows that the aqueous extract
of the test material presented similar MIC’s
against Pseudomonas aeruginosa and Proteus
vulgaris at a concentration of 1.25 mg/ml. S.
aureus and E.coli were found to be inhibited at
an MIC of 2.5 mg/l. Lowest MIC (0.625 mg/ml)
was observed against K. pneumoniae and B.
subtilis. However no significant trend was
noticeable for the different solvents.

The present finding on the antibacterial
activity of the present test material against
different strains validates the traditional use of
these species by the two tribes against infected
wounds. Pertinent here is to mention that the
traditional use of the plants by the tribes always
involve aqueous extracts. The study showed that
aqueous extracts also showed fairly good activity
against the bacterial strains. Considering the
inherent toxicity of the non aqueous solvents, the
aqueous extract holds significant promise for
useful phytochemicals. Infections caused by
P.aeruginosa especially those with multi drug
resistance are among the most difficult to treat
with conventional drugs (39). In the present study,
growth of P.aeruginosa was inhibited by the
aqueous extract of the test material at a
concentration as low as 1.25 mg/ml (Table 3).

Choudhury and Islam (40) worked on the
antimicrobial efficacy of ethyl acetate, n-hexane
and methanolic extracts of the root of T. orientalis
and found that no extract was active against
Klebsiella sp, P. aeruginosa, B. subtilis and S.
aureus even at a dose of 500 mg/disc. Only
methanolic extract showed significant activity
against E. coli. Our present study on the aqueous

Jayashree Rout  et al
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extract of bark of the same plant species, on the
other hand is in contrast to the above report. Our
test material showed significant activity against
all the bacterial strains at a dose of 50 mg/disc
giving an inhibition zone ranging from 11 to 14
mm against K. pneumoniae, 12 to 13 mm against
P. aeruginosa, 12 to 14 mm against B. subtilis,
and a the best zones ranging from 14 to 15 mm
against S. aureus (Table-2). MIC of aqueous
extract further revealed that the bacterial strains
are inhibited at a concentration as low as 0.625
mg/ml (Table-3).

Conclusion
The results of the present study have

shown that T. orientalis Blume is a potentially good
source of antibacterial agent. Significant efficacy
against the selected bacterial strains and the

resultant MIC values of aqueous extract
corroborates the traditional medicinal application
of the plant species. The study area with its vast
ethnobotanical wealth deserves extensive
exploration of their potentials in the discovery of
newer active principles which could lead to the
development of newer and safer drugs.
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Abstract
Allele specific polymerase chain reaction

(Standard PCR) is being widely used to amplify
Wolbachia DNA from arthropods. Preliminary
tests with Wolbachia allele-specific polymerase
chain reaction suggested that the assays were
prone to false negative results in insects.
Standard PCR frequently produced false negative
results, perhaps due to low titer Wolbachia DNA
mixed with host genomic DNA. On the other
hand, another PCR protocol, Long PCR which
uses proof reading enzyme consistently amplified
Wolbachia DNA and revealed that 49% of 35
arthropod species tested positive for Wolbachia
which is considerably higher than the rate of 31%
obtained in Standard PCR. An attempt has been
made in this study to compare both Standard and
Long PCR and to evaluate Long PCR as a
technique for amplifying Wolbachia DNA from a
diverse array of arthropods.

Key Words: Polymerase Chain Reaction (PCR),
Long PCR, Standard PCR, Wolbachia, Proof
reading, Insects.

Introduction
Numerous invertebrate species form long

lasting symbiosis with bacteria (1). One of the
most common of these bacterial symbionts is
Wolbachia pipientis which has been estimated
to infect anywhere from 15-70% of all insect
species (2-3). Wolbachia have an impressive

host range. Infections have been detected in all
major orders of insects, arachnids, terrestrial
crustaceans and filarial nematodes (4-5). This
extreme diversity of hosts makes Wolbachia one
of the most ubiquitous intracellular symbiont yet
described. In most arthropod associations,
Wolbachia act as reproductive parasites
manipulating the reproduction of their host to
enhance their own vertical transmission. There
appears to be little direct fitness cost to the
infected host besides the cost arising from the
reproductive manipulations. However instances
have been reported where Wolbachia can be
either deleterious (6-7) or beneficial to their hosts
(8-12).

Endosymbiotic bacteria of the genus
Wolbachia are wide spread in insect species. The
success of Wolbachia is best explained by the
variety of phenotypes they induce, which ranges
from mutualism in nematodes to various
reproductive alterations in arthropods, such as
cytoplasmic incompatibility (13), parthenogenesis
(10), feminization of genetic males (7), male
killing (14), and its obligations for the oogenesis
of certain insect species (15). The molecular
targets used by Wolbachia and the mechanisms
involved in their effects are not known, and the
absence of any correlation between Wolbachia
phylogeny and effects they induce in hosts have
led several authors to speculate on the evolution
of Wolbachia induced phenotypes (16-17).

 A Comparative analysis of Long PCR and Standard PCR
technique in detecting the Wolbachia Endosymbiont
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Previous work have indicated that the
Standard PCR produced a high frequency of false
positive detection of Wolbachia endosymbiont in
arthropods (18). The Long PCR protocol has
been shown to more consistently amplify DNA
than Standard PCR because two DNA
polymerases (Taq and Pwo) are integrated, one
of which has proof-reading activity (19). Long
PCR improves the probability of detecting
Wolbachia DNA  when mixed with host insect
DNA, a condition comparable to the situation in
which plant, psyllid, or parasitoid DNA would be
mixed with greening DNA. They found that the
Long PCR protocol was approximately six orders
of magnitude more sensitive than Standard PCR
when amplifying Wolbachia DNA (18).

Wolbachia cannot be cultured in defined
media and detection within infected gonad cells
may be time consuming. Therefore detection of
Wolbachia infection has been based largely by
amplification of Wolbachia DNA using allele
specific polymerase chain reaction (PCR) using
standard techniques. The failure of standard PCR
analysis prompted the need to evaluate a
different PCR based procedure called Long PCR.
The Long PCR is a technique for amplifying
Wolbachia DNA from a diverse array of
arthropods (18). Present analysis is also used to
compare the relative efficiency of the Long PCR
and Standard PCR protocols.

Materials and Methods

Insects collection and preservation: Insect
pests collected from various regions of country
were frozen at –80oc (Table 1) until further use
for DNA isolation and subsequent screening for
Wolbachia allele specific polymerase chain
reaction.

DNA Isolation: The DNA from a minimum of an
individual insect was extracted following the
standard phenol: chloroform: isoamyl alcohol
(24:24:1) extraction and purification method
(20).The isolated genomic DNA were subjected
to RNAase-A treatment and quantified on 0.8%
agarose gel.

Wolbachia diagnosis in Standard PCR: A PCR
assay based on the amplification of the published
Wolbachia specific sequence primers, were used
to detect A and B supergroup Wolbachia in
individual insect and pests. The ftsZ sequence
of the A supergroup is ftsZ Adf 5’-CTC AAG CAC
TAG AAA AGT CG-3’; ftsZ Adr5’-TTA GCT CCT
TCG CTT ACC TG-3’; and ftsZ sequence of the
B supergroup is ftsZ Bf 5’-CCG ATG CTC AAG
CGT TAG AG-3’; ftsZ Br 5’-CCA CTT AAC TCT
TTC GTT TG-3’. These primers were designed
for the detection of Wolbachia which amplifies
the gene from 940 bp. Standard PCR was carried
out with PTC 200 of MJ Research Thermocycler
in reaction mixture containing 2.5ìl of 10X PCR
buffer, 0.5ìl of dNTP’s (10mM each), 2.5 ìl of
25mM MgCl

2
 and 0.5 Units of Taq DNA

polymerase, 1ìl of 26 ìM forward primer and 1ìl
of 35 ìM reverse primer, 30 ng template DNA,
millipore water was added to a final volume. PCR
was carried out with a cyclic condition of initial
denaturation step at 94oC for 5 minutes (min)
followed by 35 cycles with denaturation step at
95oC for 1 min, primer annealing at 59oC for 1min
and primer extension in the presence of Taq DNA
polymerase at 72oC for 1min and final extension
at 72oC for 10 mins for both the primers.

Wolbachia diagnosis in Long PCR: The Long
PCR was carried out using three linked profiles
over 35 cycles; (1) 1cycle of denaturation at 940

C for 2 mins, (2) 10 cycles each consisting of
denaturation at 940 C for 10 s, annealing at 590

C for 30 s and extension at 680 C for 1 min, and
(3) 25 cycles each consisting of denaturation at
940C for 10 s, annealing at 590 C for 30 s and
extension at 680 C for 1 min, plus an additional
20 s added for every consecutive cycle between
11 and 36 for both the primers. The amplified
PCR products were separated on a 1.5% agarose
1X TBE gel stained with 0.5ìg/ml of Ethidium
bromide. Documentation was done with the gel
documentation system.

Results and Discussion
Comparing  the sensitivity  of  Standard  PCR
and  Long PCR  protocols in  detection of
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Sl.        Amplification of           Amplification of

No.        fts Z-A primer            fts Z-B primer

Std PCR Long PCR Std PCR Long PCR
results results  results results

1 Exorista  sorbillans , Wiedemann,(Tachinidae),(Laboratory population) + + + +
2 Exorista  sorbillans, Wiedemann,( Tachinidae)(Bangalore population) + + + +
3 Exorista  sorbillans, Wiedemann,( Tachinidae)(Tumkur population) + + + +

4 Exorista  sorbillans,  Wiedemann,( Tachinidae)(Mandya population) + + + +
5 Exorista  sorbillans, Wiedemann, (Tachinidae)(Kolar population) + + + +

6 Exorista  sorbillans,  Wiedemann, (Tachinidae)(Kollegal population) + + + +

7 Exorista  sorbillans,  Wiedemann, (Tachinidae)(Tamilnadu population) + + + +
8 Exorista  sorbillans,  Wiedemann, (Tachinidae)(Andhra population) + + + +

9 Bombyx mori  Linnaeus,  (Bombycidae)( Nistari) - - - -

10 Maconellicoccus hirsutus. Green ( Pseudococcidae) - + - +
11 Bombyx mori  Linnaeus,  (Bombycidae)(Mysore princes) - - - -

12 Bombyx mori  Linnaeus, (Bombycidae)(Tamilnadu white) - - - -

13 Bombyx mori  Linnaeus, (Bombycidae)(Pure mysore) - - - -
14 Diacrisia oblique, Walker,  (Arctidae) - - - -

15 Margaronia pulverulentalis, Hampson, ((pyrallidae) - - - -

16 Diaphania pyloalis  Walker (Pyraustidae) - + - +
17 Myllocerus discolor Boheman,  (Curculionidae) - - - -

18 Baris deplanata Roelofs (Curculionidae) - + - +
19 Dermestid ater, ( Dermestidae) - - - -

20 Nesolynx thymus Girault, ( Eulophidae) - + - +

21 Osmia lignaria propinqua Cresson, ( Megachilidae) - - - -
22 Adalia decempunctata Linnaeus, ( Coccinellidae) - - - -

23 Empoasca Spp. Walsh, ( Jassidae) - - - -

24 Sitophilus oryzae - - - -
25 Saissetia nigra Nietm, (Coccidae) - - - -

26 Pluvinaria maxima, Green, ( Coccidae) + + + +

27 Udonga montane, Distant, ( Pentatomidae) + + + +
28  Empoasca Spp. Walsh, ( Jassidae) + + + +

29 Neorthacris acuticeps  nilgiriensis Uvarov, (Acrididae) - - - -

30 Acanthacris spp.,( Acrididae) - - - -

31 Tetigonia viridissima, Savignone( Tettigoniidae) - - - -

32 Aleyrodicus disperses, Russel ( Aleyrodidae) - + - +

33 Hierodulla spp.,( Mantidae) - - - -

34 Neoperla spp, ( Perlidae) + + + +

35 Tetranychus Spp, ( Tetranichidae) + + + +

36 Lasioderma sericorne - - - -

37 Ephestia cautella - - - -

38 Tribolium confusum - - - -

Table  1. Wolbachia infection status in insects and insect pests of sericulture based on ftsZ A and B gene primer.

Comparative analysis of Long and Standard PCR

Name of the insects and pests
of sericulture and their  family
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Factors affecting the failure of Standard PCR:
The following some of the factors could be
responsible for the failure of Standard PCR to
amplify Wolbachia DNA consistently. It is likely
that relatively small amounts of Wolbachia DNA
are mixed with large amounts of arthropod
genomic DNA, which could result in a non optimal
primer and DNA template ratio. Further prolonged
denaturation could cause breakage of the DNA
template and depurination of bases, which could
stop the extension by Taq (24). Low buffer pH
(8) also can enhance depurination (25).
Compared to other DNA polymerases such as
T4, Taq is more error-prone. Introducing one
base-pair substitution for every 9000 bases
amplified. In contrast, T4 DNA polymerase

Wolbachia: Standard and Long PCR were used
to amplify Wolbachia DNA from the insects
associated with sericulture (Table 1). The
Standard PCR sometime produced false
negatives. However, Long PCR assays based
on specific amplification of the ftsZ-A and B super
group Wolbachia gene fragments, showed that
49% of the insects were positive for a Wolbachia
infection (Fig. 2). In contrast, 31% of the insects
were positive for Wolbachia infection when
Standard PCR was used (Fig. 1).

Although standard allele specific PCR has
been widely accepted as an efficient method for
amplifying Wolbachia DNA, very little information
is available regarding the frequency of false
negatives and false positive results. Researchers
compared Standard PCR and cross-breeding
tests with Wolbachia-infected and -uninfected D.
simulans lines. They were able to detect Standard
PCR positive individuals using 16S rDNA primers
from infected lines identified by the cross-
breeding test (21). When attempts were made
to amplify Wolbachia DNA by Standard PCR from
single individual of T. urticae, M. occidentalis and
A. suspense known to be infected with Wolbachia
(22), few produced PCR products, suggesting
that false negatives were obtained frequently
(23).

On the contrary, the Long PCR procedure
consistently amplified Wolbachia DNA from
insect DNA even when there were as few as 100
copies of the plasmid DNA present. The
differences in the two PCR protocols could be
the reason for the increased sensitivity. Long
PCR uses long primers (30-mers recommended
minimum); template denaturation for only 10 s;
a buffer with higher pH (9.2), a slightly higher
Mg2+ ion concentration (1.75 mM), higher
concentrations of dNTPs (350 mM each), a
mixture of two different DNA polymerases at a
higher concentration (5 units of Taq and 1 of Pwo)
in a 50ml reaction volume, lower annealing (65
°C) and extension (68 °C) temperatures, and a
linked PCR profile for thirty-five cycles with each
of the last twenty-five cycles having an additional
20 s added to each  extension segment (19).

Fig. 2. Long PCR successfully amplified ftsZ-B
sequences from the same insects of sericulture used
for Standard PCR. (Lane M-50bp ladder,Lane1 to 35-
insects of sericulture) .

Fig. 1. Standard PCR product amplified from the 35
insects of sericulture Using  ftsZ –B sequences. (Lane
M-50bp ladder,Lane1 to 35-insects of sericulture).

Sumithra et al



476Current Trends in Biotechnology and Pharmacy
Vol. 6 (4) 472-478 October 2012, ISSN 0973-8916 (Print), 2230-7303 (Online)

introduces one substitution for every 160000
bases  (26). Taq has terminal deoxynucleotidy
ltransferase activity and adds the nucleotide ‘A’
to the 3’ end of the amplified DNA (27). If
incompletely synthesized DNA strands containing
mismatches or with added A’ s at the 3’ end can
accumulate during early PCR cycles. These
incomplete products (also called as ‘mega
primers’) could interfere with the annealing of the
primers to the DNA template during subsequent
PCR cycles. Additionally, Taq completely lacks
any DNA editing ability and cannot correct
mismatches or remove the added A from mega
primers (28). The mega primers also could
sequester and deplete the Mg2+ ions from the
reaction buffer. The long PCR procedure utilizes
both Taq and a thermostable DNA polymerase
(e.g. Pfu, Vent or Deep Vent) which exhibits a 3’-
to 5’-exonuclease activity (19). The Pwo DNA
polymerase from Pyrococcus woesei shares
100% DNA sequence identity with Pfu from P.
furiosus and exhibits similar exonuclease activity
(29). The successful amplification by the long
PCR may be due to the exonuclease activity of
the Pwo polymerase. Evidence for this was
provided by Barnes (19). When he showed
successful amplification of the 1500 bp CryV
insecticidal protein gene sequence from Bacillus
thuringiensis by long PCR using a 384 bp mega
primer with an added A on the 3’ end and a 43-
mer primer. The sequence obtained indicated
that the added A was indeed removed from the
mega primer by Pfu. All the above results indicate
that long PCR could detect Wolbachia infections
within individuals of arthropod population.

Conclusion
From the results we can conclude that

only long PCR which includes a proof reading
enzyme to correct errors in copying the DNA and
gives consistent results. These results shows that
the long PCR is not only more sensitive than the
standard PCR but also provide a wealth of
information to exploit this endobacterium for the
management of insect pests and vectors of
agriculture, veterinary, medical  and also to
explore the possibility of Wolbachia as a vector

to transfer the gene of interest. Long PCR might
be used to confirm that antibiotic or heat-treated
individuals are actually free of Wolbachia.
Detection of Wolbachia from so many arthropod
species by Long PCR also suggests that some
infections with Wolbachia might be ancient,
involving mutualistic relationships with the host.
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Abstract
The study aimed to develop a standard

ELISPOT protocol for the evaluation of T cell
responses in mice to HPV 16 E7. C57BL/6
female mice had been immunized with the HPV
16 E7 recombinant S. typhi Ty21a, a candidate
therapeutic vaccine for HPV associated cancer.
A commercial ready-to-use (RTU) IFN ELISPOT
kit (supplied with pre-standardized capture and
detection antibodies) was chosen; hence the
effort in this study lay on the standardization of
non-kit components (appropriate splenocyte and
antigen concentration). The optimum splenocyte
concentration determine by the assay using
normal, non-immunized, mice splenocytes
(stimulated with con A) was  0.5 million cells/well/
100µl (373.3± 30.6 SFCs/million). Affinity purified
recombinant protein (GST-E7) was chosen for
stimulation of splenocytes. Despite using an RTU
kit, initial assays were plagued with high
background that hindered interpretation of data.
Apparently, the heterogeneous immunogen
(recombinant bacteria), the choice of
heterogeneous antigen for stimulation
(recombinant protein) and most importantly, the
enzyme-conjugate/chromogenic substrate
combination influenced the background.
Streptavidin-ALP and its substrate (BCIP/NBT)
but not the kit provided, Avidin–HRP and its
substrate (TMB) showed vivid spots, reduced

background and improved readability on
development of the assay. Changing the enzyme-
substrate combination enabled determination of
the appropriate concentration (1.0µg/well) of
GST-E7 for antigenic stimulation of splenocytes
(290.67±8.1 SFCs/million cells). The ALP
enzyme/BCIP NBT substrate seems a more ideal
developing reagent for ELISPOT assays involving
heterogeneous immunogens (S. typhi Ty21a) or/
and stimulating antigens (recombinant whole
proteins). The protocol with optimized splenocyte
and recombinant antigen concentrations is of
acceptable precision as determined in the intra
assay %CV ranging from (7.3 to 14.1) and inter
assay % CV of nearly 13%.

Keywords: RTU ELISPOT kit, enzyme-
conjugate and substrate combination,
Recombinant protein, SFCs..

Introduction
Human papilloma virus (HPV) infection in

women can lead to the cancer of the reproductive
tract mainly the uterine cervix (1). The HPV16
genotype is associated with nearly 70% of the
cervical cancer cases (2, 3). A salient feature of
the HPV infected epithelial cells, precancerous
cells and tumorigenic cells is the constitutive
expression of the viral oncoproteins E6 and E7
(4). Hence both E6 and E7 are candidate target
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antigens for therapeutic vaccines (5). In this
backdrop, the recombinant S. Typhi Ty21a
expressing HPV16 E7 was constructed as an
intended oral therapeutic vaccine against HPV16
associated cancers.

The live-attenuated Salmonella enterica
serovar Typhi strain Ty21a has been widely
studied for efficacious oral delivery of
heterologous antigens (6, 7, 8). Serovar Typhi is
extremely species specific infecting only the
human gut. It can however establish a transient
infection in the nasal passage of mice. Intra nasal
immunization of mice with Typhi strain Ty21a is
an established animal model for studying immune
response to foreign antigens expressed in the
bacteria (9). Our aim was to develop a standard
ELISPOT protocol to evaluate the HPV16 E7
specific T cell response in mice intra nasally
immunized with HPV16 E7 recombinant Ty21a-
the candidate therapeutic vaccine against HPV16
associated cancers.

ELISPOT was originally developed to
quantify antigen specific B cells (10). But the
modified version to quantify the IFN secreting
antigen specific T cells has found wider
application (11). ELISPOT is conceptualized on
the antibody sandwich format of the enzyme
linked immunosorbant assay (ELISA) and is
based on antibody pairs for capture and detection
(12, 13). The two assays however differ
functionally; while ELISA reports the presence
and concentration of physiologically relevant
soluble substances (eg. antibodies, cytokines,
chemokines) ELISPOT is a cell-based assay that
quantifies cells secreting the soluble molecule.
The property of antigen specific T cells to secrete
IFN on ex vivo stimulation with the respective
antigen has been ingeniously adopted in
ELISPOT assays to determine the T cell
response. In recent years ELISPOT has become
a mainstay in evaluating cell mediated immune
(CMI) response to vaccines owing to its
sensitivity, simplicity and reliability (13, 14, 15).

ELISPOT assays require detailed
standardization procedures to arrive at a

reproducible protocol for evaluating the T cell
response in an immunogenicity study. The
performance of the assay depends on the
following standard components in the assay viz.,
(a) The affinity of capture and detection
antibodies, (b) The choice of enzyme conjugates,
(c) chromogenic substrates and (d) the antibody
binding surface (membranes) in the wells of the
plate (12). The standardization procedures,
especially the selection of the best capture and
detection antibody pairs, are laborious and time
consuming. The pre-standardized commercial
ready- to-use (RTU) ELISPOT kits offer a good,
often validated alternative (12).

ELISPOT is a highly sensitive assay and
therefore are also susceptible to minor variations
(16). Even when an RTU kit is used, considerable
effort is expected to go in to the standardization
of the non–kit assay components. Lymphocyte
concentration per well, either the splenocytes or
peripheral blood mono-nuclear cells (PBMCs),
and the antigen concentration used for ex vivo
stimulation of T cells influence readability of the
assay. The effect of antigen concentration is more
acute when recombinant whole proteins rather
than synthetic peptides of high-purity are used
for lymphocyte stimulations. The choice of either
a protein or peptides depend on factors such as
cost, availability, knowledge of specific T cell
epitopes and the assay design. We chose the
recombinant fusion protein, glutathione-S-
transferylase – HPV16 E7 (GST-E7) expressed
in E.coli BL21, for the stimulation of splenocytes
so as  to determine  the  comprehensive profile
of   E7 specific T cell response (all possible
epitope specificity).   Apart from optimizing the
splenocyte concentration, the article details the
standardization of the IFN Elispot assay with
respect to the antigen concentration for
splenocyte stimulation and the choice of enzyme-
conjugate/substrate to arrive at a reproducible
ELISPOT protocol.

Materials and Methods
Recombinant Salmonella typhi and Mice: The
live-attenuated Salmonella typhi Ty21a was
provided by Dr. Denise Nardelli-Haefliger, CHUV,
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Laussane, Switzerland. Recombinant Ty21a
expressing HPV16 E7 constitutively was
generated by electroporation with pFS14nsd-E7.
Mice experiment was conducted at the
Laboratory Animal Research Services (LARS)
facility, Reliance Life Sciences Pvt. Ltd, Mumbai.
Four to six week old C57BL/6 strain female mice
were intranasally immunized with the
recombinant Ty21a. Non-immunized, control,
female mice of the same strain were also housed
at LARS until the completion of the immunization
schedule.

Reagents for splenocyte isolation and
ELISPOT assay: RPMI-1640 medium and sterile
fetal bovine serum (FBS) was procured from Life
Technologies Corp., USA. The sodium diatrizoate
and polysaccharide mixture, Lymphorprep™ for
density gradient centrifugation was obtained from
Axis-Shield PoCo, Norway. The Red Blood Cell
Lysing Buffer (RBC Lysis buffer) and Tween-20
were from Sigma-Aldrich Chemical Co. GST-E7
was purified by glutathione affinity
chromatography using the Glutathione
Sepharose 4B matrix from GE, USA from E. coli
BL21. Streptavidin conjugated with alkaline
phospatase (Streptavidin –ALP) and chromogen
solutions -Tetramethylbenzidine (TMB) and
bromo-4-chloro-3-indolyl phosphate p toludine
salt and Nitroblue tetrazolium chloride (BCIP/
NBT) were procured from Mabtech AB.

Isolation of Splenocytes: Isolation and
separation of splenocytes were performed in
aseptic conditions according to the standard
techniques (17). Briefly, Splenocytes were
extracted by gentle disruption of the spleens
placed in a 70 µm Nylon mesh (Cell Strainer from
Becton  Dickinson Corporation, USA)  with a
sterile syringe plunger into Petri-dish containing
RPMI-1640. The splenocyte suspension was
centrifuged at 300g for 7 min. Red blood cells
were removed by incubation in the RBC lysis
buffer. Cells were duly washed with RPMI-1640
(centrifugation at 300g/7min), resuspended and
subjected to density gradient centrifugation with
Lymphoprep™ (density- 1.77g/ml; 1:2 v/v to the

cell suspension). The lymphocyte enriched fuzzy
layer at the junction of Lymphoprep™ and RPMI-
1640 was retrieved, washed twice with RPMI-
1640, resuspended in FBS containing 10%
DMSO; aliquots transferred into cryo-vials and
stored in liquid nitrogen until further use.

ELISPOT assay for determination of optimum
splenocyte concentration: The ELISPOT
assays were performed with the Mouse IFN
gamma ELISPOT Ready-SET-Go!® kit from
eBiosciences® according to the manufacturer’s
instructions. Briefly, the PVDF backed plate
(Sterile 96 well MultiScreen HTS™ IP plate,
Millipore), after brief ethanol activation was
coated with IFN capture antibodies overnight.
Plates were washed with sterile phosphate buffer
saline (PBS, pH 7.4) and blocked with 10% FBS
in RPMI-1640 (cRPMI-1640). Cryo vial containing
splenocytes (from non-immunized mice) were
thawed at 37ºC, 2min, enumerated and viable
splenocytes of counts 0.25 X 106, 0.5 X 106 or
1.0 X 106 in 100µl cRPMI /well were seeded in
triplicate wells (three wells per specified count).
The T cell mitogen, Concanavallin A (Con A), 2µg/
100µl/well was added for non-specific T cell
stimulation and  IFN  secretion.  During
stimulation plate was incubated in the humidified
CO

2
 incubator (Hera Cell 240 from Heraeus) for

24h at 37ºC.  Plates were then washed with PBS
containing 0.05% Tween-20 (PBST). The rest of
the assay steps - addition of IFN detection
antibodies, washing and addition of enzyme
conjugate, Streptavidin conjugated with horse
radish peroxidase (Streptavidin-HRP; kit reagent)
were carried out as per the instructions in the kit.
After the final wash the wells were developed
with filtered TMB for 2 min. Wells in the plate
were then washed thoroughly with copious water,
air dried and the spots were analyzed and
enumerated in the automated ImmunoSpot®

Series 5 UV Reader (Cellular Technology Limited
(CTL), USA) using Immunocapture® Version 5.0
software tool according to the recommended,
default, user-independent SmartCount® settings.
The antigen specific IFN secreting T cells were
presented as spot forming cells (SFCs).

ELISPOT protocol for HPV16
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ELISPOT assays for determination of
optimum antigenic concentration: The assays
were performed as above except for the changes
mentioned. All wells were added 0.5 X 106 viable
splenocytes from either immunized or non-
immunized mice. Triplicate wells were added with
GST-E7 at concentrations- 10g, 5g, 2g, or
1g per well for splenocyte stimulation. The assay
plates were either developed with TMB or BCIP/
NBT substrate. For the latter, prior to
development the wells were incubated with
Strepatavidn-ALP at 1:1000 dilution in PBST plus
10% FBS at 100l/well. Positive and media
controls were maintained in all assays.

Assays for determination of precision: Elispot
assays with viable immunized mice splenocytes
at 0.5 X 106cells/well were performed in
triplicates. Splenocytes were stimulated with
GST-E7 at a concentration1µg/well. Wells were
developed with the Streptavidn-ALP/ BCIP/NBT
enzyme substrate combination. The assays were
performed on three different days. Assays
performed on day 1 and day 2 involved
splenocytes from the same batch of immunized
mice. Assay on day 3 was performed with
splenocytes from a different batch of mice. The
immunization procedure and immunogen were
identical. The age, strain, sex and body weight
of the animal were also similar. Assay positive
and media controls were maintained in all assays.

Determination of the linear fit of the assay
protocol: ELISPOT assay of triplicate wells
containing splenocyte concentrations, viz., 0.25
X 106, 0.5 X 106 or 1.0 X 106 cells/well were
performed as before. Wells were developed with
Streptavidin-ALP and BCIP/NBT enzyme
conjugate/ substrate combination.

Statistical Analysis: The Microsoft excel
spreadsheet was used for all statistical
calculations. The precision of the assay protocol
was analyzed with respect to intra assay
repeatability as percentage of coefficient of
variability (Standard error/Mean X 100) across
the wells in the ELISPOT assay performed in a
day (3 wells in a day). For determination of inter

assay precision the percentage of coefficient of
variability was analyzed in the Elispot assays
performed over the three different days (day 1,
day 2 and day 3. i. e, 3wells X 3days=across 9
wells). For determination of the linearity of the
protocol the linear regression analysis of SFCs
over a range splenocyte concentrations were
performed using the Origin 8 software tool.

Results and Discussion
Optimum splenocyte concentration: Murine
Elispot assays are generally performed in the
range of 0. 25 million splenocytes to 1.0 million
cells per well (16, 18). Significant, mostly
personnel and equipment (Elispot reader etc.)
introduced variations can creep in an Elispot
procedure due the elaborate steps involved from
splenectomy, isolation, enumeration and seeding
of splenocytes to analysis of spots (18). It is
deemed necessary therefore that the optimum
cells per well for an Elispot procedure is
standardized for each laboratory before
embarking on a specific study (16. 18). Besides,
it is found that the readability of ELISPOT is
influenced by the cell numbers. Too many cells
are known to cause over-crowding and give rise
to un-resolved spots and too little cells tend to
exaggerate variations across replications; both
interfering with accurate enumeration and
interpretation of data (16)

Generally, splenocytes from immunized
mice are limited and are required for various
immunological analyses.  Standardization of
certain components of the ELISPOT assay such
as splenocytes per well can readily be carried
out with non treatment samples. Titration of
splenocytes from normal, non-immunized mice
would not be limiting and are enough to arrive at
the appropriate concentration (16). Fig. 1
illustrates the result of standardizing the optimum
splenocyte concentration per well using normal
mouse splenocytes followed by stimulation with
con A.  Plating splenocytes at 0.5million cells/
well returned, well resolved enumerable spots
with the least variation (373.3 SFCs/million ±
30.6) while the splenocyte concentration of
1million cells/ well was overwhelming (TNTC=
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too numerous to count) and beyond the resolution
of the ELISPOT reader (~600 cells/ well is the
upper limit). At 0.25 million per well the number
of enumerable spots were low (102.7) and varied
across triplicate wells (std. error,  ± 54.6).

Optimum concentration of GST-E7 for
stimulation: Synthetic oligo-peptides of ~95%
purity are the preferred reagents for stimulation
of T cells. The advantage of using oligopeptides
is the less possibility of non-specific stimulation
and shorter stimulation times than with the whole
antigen (16). But prior knowledge of T cell
epitopes is necessary if the limited peptides are
used for stimulation. Besides it limits the strength
of the assay in reporting only the T cell response
specific to the epitopes. In the event of little
knowledge on T cell epitopes, synthesizing the
complete range of overlapping peptides
encompassing the whole antigen substantially
adds to the cost.

Recombinant proteins purified to near
homogeneity are a practical and economical

alternative to synthetic oligo-peptide pools (16,
22, 23). They naturally comprise the entire set of
T cell epitopes in the antigen. The presentation
of full-range of epitopes is likely to stimulate the
entire repertoire of T cells specific to the antigen.
Therefore, the T cell response deduced from an
ELISPOT assay involving recombinant antigen
is more comprehensive than that derived from
oligo-peptides. However stimulation of T
lymphocytes requires the presence of APCs- the
activated macrophages and dendritic cells, and
longer incubation times for processing and
presentation of epitopes (16, 22). Another
frequently encountered problem is the chance
of non-specific stimulation of T cells that
compromise the specificity of the assay (16).

Considering the availability and the
advantage of assaying the T cell response across
all possible epitopes including the evaluation of
CD4+ T

H
1 response; we made the practical

choice of using GST-E7 for stimulation of
splenocytes from the recombinant Ty21
immunized mice. Splenocytes from both non-
immunized and recombinant Ty21a immunized
mice were stimulated with a range of GST-E7
concentration (10.0µg to 1.0µg per well) to find
the appropriate concentration for use in the
evaluation of T cell response. However, the assay
performed with the mouse RTU ELISPOT kit
according to the kit instructions at the standard
splenocyte concentration (0.5 million cells/well)
was inconclusive and showed enormous
variation making data interpretation impossible
(Fig.2). Even at the least concentration of GST-
E7 (1.0µg per well) the deviations among
triplicates were too high ( ±182.2); besides a
much higher number of SFCs were recorded than
in wells where splenocytes were stimulated with
higher GST-E7 concentration (2 and 5µg). The
coefficient of variability (% CV), of 101.0 depicts
the zero agreement in the data. High background
staining in the wells of immunized splenocytes
were seen in the scanned pictures of wells.
However the corresponding picture in the non-
immunized mice splenocytes showed neither
appreciable number of spots (SFCs/million cells=

Fig. 1. Determination of optimal concentration of
splenocytes. Elispot assay was performed in triplicate
wells; Splenocytes were stimulated with 2.0µg/ well of
Con A and developed with Avidin-HRP and TMB.
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Fig. 2. Determination of optimal antigen (GST-E7) for stimulation of splenocytes. Splenocytes (from
immunized or non-immunized mice) were plated at 0.5 million cells/ well; Plates were developed using
Streptavidin-HRP and TMB.

Fig. 3. Determination of optimal antigen (GST-E7) for stimulation of splenocytes. Splenocytes (from
immunized or non-immunized mice) were plated at 0.5 million cells/ well; Plates were developed using
Streptavidin-ALP and BCIP/NBT.
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10.67) nor a high background which meant that
the high background is not due to non-specific
stimulation of splenocytes by GST-E7. On close
observation of the scanned ELISPOT well
pictures of immunized mice splenocytes (data
not shown) it was apparent that using the  least
concentration of GST-E7 (1.0µg/well) showed
relatively better resolution of  spots. However the
readability was still compromised in at least  one
well in which spot counts  failed validation in the
ELISPOT reader. These results were significant
pointers to conclude that -

• The high background in the wells are not
due to  non-specific development of
spots (Since a similar picture was not
seen in wells of non-immunized
splenocytes).

• A high portion of spots developed due to
cross-stimulation of splenocytes by the
residual E.coli proteins in the antigen
(GST-E7) preparation; causing  variation
across triplicate wells.

Cross-stimulation of T cells: It is relevant to
note that the immunogen in this study is the E7
expressing Salmonella strain Ty21a. The
corollary that follows is that the immune response
directed against the immunogen would comprise
T cells against both the bacterial components as
well as E7. Salmonella and E. coli share
significant homology (21) alluding that remnants
of E. coli proteins in the recombinant antigenic
preparation although, seemingly devoid of
contaminants, would cross-stimulate the T cells
specific to Ty21a antigens hence accentuating
the background staining in the ELISPOT assay.
As observed, this would  mean GST-E7 at higher
concentrations show a higher background due
to the corresponding increase in the E. coli
contaminants it was surprising that even at a low
concentration of GST-E7 (1.0µg/well) the
background reduced only marginally, as seen in
the scanned output of the readers (data not
shown)

We reasoned that an enzyme substrate
combination with a temporal linearity in colour

development and adequate sensitivity might
return lesser background than seen for HRP/
TMB (12, 24). This view was bolstered by the
past experiences for bovine lymphocyte
ELISPOTS in the lab where assays returned well
resolved spots with low background in the wells
(20). The horse radish peroxidase enzyme
mediates a high-turnover reaction. HRP is known
to effect rapid development of spots by the H

2
O

2

mediated oxidation of chromogenic substrates
but has a propensity for higher back ground
staining (12, 24). This prompted us to attempt
optimizing the GST-E7 concentration using the
RTU kit but developing with an ALP enzyme
conjugate.

Effect of the enzyme conjugate reagent on
background: The assay to determine the
appropriate concentration of GST-E7 for
stimulation was performed as before using the
RTU kit but was developed using the
Streptavidin-ALP and BCIP/NBT instead of
Avidin-HRP reagent provided in the kit.
Developing the assay with Strepatavidin-ALP had
a dramatic effect on the readability of the assay
(Fig. 3).

The background was significantly low at
decreasing concentrations of GST-E7 used for
stimulation of splenocytes from immunized mice.
Although at higher concentrations (10µg, 5µg,
2µg) significant deviations were observed among
triplicates (Std. error,  ± 45.21, 21.63, 30.00
SFCs) respectively, the least variation among
triplicates and statistically acceptable deviation
( ± 8.02) was observed at the lowest antigenic
concentration of 1.0µg/well of GST-E7 (Fig. 3)
The mean SFCs/million for triplicates were
290.67 (Fig. 3). Well-spaced, uniform spots were
observed in scanned outputs of the ELISPOT
reader, especially for the wells with 1.0µg/well of
GST-E7. The %CV across 9 wells of the
ELISPOT was 22.1% (Fig. 3); showing better
agreement across antigenic concentrations in the
wells. The assay indicated that GST-E7 at 1.0µg/
well can readily be used for evaluation of E7
specific T cell response avoiding tedious efforts
to purify it further.

ELISPOT protocol for HPV16



486Current Trends in Biotechnology and Pharmacy
Vol. 6 (4) 479-488 October 2012, ISSN 0973-8916 (Print), 2230-7303 (Online)

Precision of the assay protocol after
optimized splenocyte and antigen
concentration: Reproducibility of an ELISPOT
protocol may be ascertained by determining the
extent of intra assay variability. Assays performed
on three different days in triplicates showed
%CVs, 14.1, 10.8 and 7.3 on day 1, day 2 and
day 3 (Fig.4). The intra assay precision was
therefore acceptable for ELISPOT assay. An intra
assay variability of < 20.0% for the highly
sensitive ELISPOT assay is generally considered
acceptable (23, 24). The assays here showed
CV of less than 15% which we consider
acceptable for inbred mice. The inter assay
variability that accords reproducibility over
multiple assays also showed good agreement.
The %CV of the three assays was 12.7 (Fig. 4),
under 15% much lesser than a general
acceptability limit of < 25.0% (23, 24) a in at least
triplicates.

Linear fit of the assay protocol: Linear
relationship of SFCs to the concentrations of
serially diluted cells in an assay is a statistically
accepted criterion for declaring ELISPOT results
as positive for a T cell response (18). Having
optimized the splenocyte and antigen

 Fig. 5.  Linear fit of spot forming cells in the two-fold serially diluted (row-A to C) ELISPOT of immunized
mice splenocytes. Splenocytes were stimulated with 1.0µg/well of affinity purified GST-E7; Plates were
developed using Streptavidin-ALP and BCIP/NBT. ?= Inconclusive number of spots.

 Fig. 4.  Intra assay and inter assay variability of the
standardized ELISPOT protocol.  Immunized mice
splenocytes were plated at 0.5 million cells/ well;
splenocytes were stimulated at 1.0µg/well of affinity
purified GST-E7; Plates were developed using
Streptavidin-ALP and BCIP/NBT.

concentration in the assay we sought to probe
whether the standard ELISPOT protocol using
the RTU kit along with the streptavidn-ALP
enzyme conjugate would be statistically relevant.
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Therefore an ELISPOT assay was performed
with two-fold serial dilutions of splenocytes while
the cells were stimulated with 1µg/well of GST-
E7. The least variation among replicates at the
concentration of 0.5 million cells/well and well
resolved spots lends further credence to
optimization of splenocytes for use in the
evaluation of immune response (Fig. 5). The
results confirm the linearity of the assay to the
serial dilutions of splenocytes.

Conclusion
The study entailed standardizing an

ELISPOT protocol for evaluation of immune
response to HPV16 E7 delivered by recombinant
Salmonella Typhi Ty21a. The choice of purified
recombinant protein expressed in a bacterial host
for ex vivo antigenic stimulation of splenocytes
in combination with the heterogeneous
immunogen, the S.Typhi Ty21a- contributed to
background spots and interpretation of data. This
was far more accentuated with the sensitive
developing reagent, HRP/TMB. Developing the
ELISPOT assay with Streptavidin-ALP enzyme
conjugate showed marked difference in spot
development, reduced background and improved
readability compared to Avidin –HRP provided in
the kit. The ALP enzyme and its substrates seem
a better choice for ELISPOT assays in studies
with heterogeneous immunogens and
recombinant protein for ex vivo stimulation of T
cells. The protocol with the necessary
optimizations for concentrations of splenocytes
and the antigen for stimulation is reproducible
as determined by the intra and inter assay
coefficients of variability.
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Abstract
A new alkalophilic variety of Streptomyces

albus capable of growing up to pH 10 is described.
It was isolated from the soil sample collected from
MIET campus,  Meerut, India.

Key words: Streptomyces albus var. alkalis. Soil,
MIET Campus, Meerut.

Introduction
Streptomyces albus the type species of

Streptmyces is ubiquitous in nature and has been
isolated from various substrates including soil,
contaminated building materials (1) as
hypermycoparasite on Nectrea inverta (2), as a
causative agent of actinomycetoma (3) and
marine sediments (4). An alkalophilic variety of
S. albus var. indicus was reported from
kothagudem coal mine soil (5).

No published data on microbial diversity of
Meerut region is available, except the recent
publications on rare thermophilic fungi (6, 7).
Hence, an attempt has been made to study the
microbial flora in this region.

The present isolate significantly differs from
S. albus var. indicus in carbon utilization and few
other characters and hence it is described as new
variety .The name signifies its ability to grow under
highly alkaline conditions.

Materials and Methods
Soil samples were collected into sterile

vials and the samples were heated at 80°C for

ten minutes. Serial dilutions were made and a
loop full of diluted samples were streaked on
Bennetts agar and incubated at 37°C. When
small,discrete colonies appeared, each colony
was transferred on to a fresh agar plate by
streaking across the plate. Pure colonies were
isolated and maintained on Potato dextrose agar.

Media used in culture characterization were
those recommended by ISP (8) and were
incubated at 37°C. Carbohydrate utilization was
studied by using ISP medium 9   supplemented
with 1% carbon source (9). Liquefaction of gelatin
was investigated by the method of Waksman (10)
Hydrolysis of starch was studied by the method
of Gordon et al (11).

Culture Characters
Bennetts agar: Growth profuse; colonies off
white and powdery; substrate mycelium brown;
aerial mycelium well developed; reverse colony
snuff colored in the center and brown towards
periphery; diffusible pigment none; sporulation
abundant.

Cellulose agar: Growth poor and thin; substrate
mycelium white; aerial mycelium thin, white and
poorly developed or scanty; reverse colony
colorless; diffusible pigment absent.

Czapeks agar: Growth poor and transluscent;
substrate mycelium white; aerial mycelium thin,
white and poorly developed; reverse colony
colorless; diffusible pigment not produced.

Emerson’s agar: Growth excellent; substrate
mycelium well developed and pale brown in color;
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aerial mycelium off white, moderately developed;
reverse colony dark brown; diffusible pigment
dark brown.

Glucose asparaine agar: Growth moderate;
substrate mycelium white; aerial mycelium off
white  but turns light brown with age and
sporulation; reverse colony woody brown;
diffusible pigment none.

Glucose peptone agar : Colonies well developed
with good growth; substrate mycelium white;
aerial mycelium moderately developed, white but
changes to light brown with age; reverse colony
pale  brown; diffusible pigment pale yellow.

Glycerol asparagine agar : Moderately growing
colonies dull white and powdery; substrate
mycelium light brown; aerial mycelium dull white
to white; reverse colony pale brown; diffusible
pigment none.

Potato dextrose agar: Colonies compact and
white; aerial mycelium white to begin with, but
turns pale brown with age: reverse colony
colorless; diffusible pigment none.

Tyrosine agar: Growth poor; tyrosine utilization
poor to none

Yeast extract and Malt extract agar: Colonies
thick and profusely growing; substrate mycelium
white; aerial mycelium thin, white and moderately
developed; reverse colony colorless; diffusible
pigment none.

Carrot plug: Growth moderate; aerial mycelium
white; diffusible pigment none.

Potato plug: Aerial mycelium abundantly
developed, chalky white; diffusible pigment cream
colored.

Casein hydrolysis: Strong

Gelatin liquefaction: Rapid and strong

H2S production: Negative

Melanin production: Negative

Nitrate reduction: Negative

Starch hydrolysis: Strong

Carbon utilization
Arabinose +

Dextrose +++

Dulicitol +

Galactose +/-

Glycerol ++

Inulin +

Lactose -

Levulose +/-

Maltose ++

Mannitol +

Mannose -

Soluble starch +++

Sarbose -

Sorbitol +/-

Xylose ++

Control -

pH relations: It grows well in the pH range of 8-
10 with an optimum at 9.0

Temperature relations: It grows from 24-40°C
with 37°C optimum temperature.

Habitat: Soil, MIET Campus, Meerut, UP.

The culture is deposited at MIET culture bank,
Meerut.

Isolation number: S55

Date of isolation: 23 September 2010

Identity: It is assigned to Streptomyces albus
group due to the presence of white aerial
mycelium bearing more or less oval spore chains
on most of the growth media (12). It resembles
S. albus in several respects including the
utilization of carbon substances but differs from
it in its ability to grow in alkaline conditions.
Significant differences observed between S. albus
var. indicus and S. albus var. alkalis are presented
in Table 1.
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Table 1.  Difference between S. albus var. indicus
(SAI) and S.albus var alkalis (SAA)

SAI SAA
Potato plug
Diffusible Pale Cream
pigment green colour
Gelatin liquefaction Negative Rapid and

Strong
Tyrosinse utilization Strong  Poor to none
Optimum pH  8.O 9.0
Optimum
temperature 24-28oC 37oC
Arabinose ++ +
Dulicitol - +
Galactose ++ +/-
Glycerol +++ ++
Inulin ++ +
Lactose ++ -
Maltose +++ ++
Mannitol ++ +
Mannose + -
Laevulose ++++ +/-
Sorbitol + +/-
Control - - -
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Help India leapfrog in the future: Prime Minister
Manmohan Singh tells scientists

Benyon, who is representing UK at Hyderabad at the
11th meeting of countries signed up to protecting
biodiversity targets. He said that the high level political
ambitions come at a time when there is financial
scepticism among the wider population. But every
pound spent yields enormous economic dividends. Mr
Benyon said that India is taking a clear leadership role
in biodiversity protection, and working closely with the
other government on various sectors. India and UK
have jointly financed the high level panel, whose job it
is to estimate the cost of biodiversity protection, and
which will submit its preliminary findings at Hyderabad,
giving governments and the international community
some idea of what is needed in funding. Mr Benyon
told that they are very much involved with the
international community on protecting biodiversity. The
main aim of the Hyderabad meeting is pragmatic, to
outline the next practical steps for the global
community to help protect biodiversity.

Nuclear energy is clean: Abdul Kalam
Former President A.P.J. Abdul Kalam said

that the country needs nuclear energy as it is a clean
energy unlike energy generated by burning fossil fuel.
Dr. Kalam, a strong advocate of nuclear power, said
about safety of nuclear power plant and that every
watt of electricity was important for the country. He
said that generation of electricity by burning the fossil
fuel was not environmentally sensible as every one
litre fossil fuel used for generating energy produces
two kilograms of carbon dioxide. He told that Nuclear
plants generates clean energy. About the safety
concerns in the wake of the Fukushima nuclear plant
accident in Japan last year, the former President said
that that there are 546 nuclear reactors currently
operating in different countries in the world and he
added that the country had to focus on alternative
energy sources such as wind and solar energy. Dr.
Kalam said that in India all the nuclear reactors are
Uranium-based. India is blessed with thorium as one-
third of the total world thorium reserve is in the country,
he said. Thorium, however, is not a fissile material, he
said adding that the country needed fast breeders to
convert thorium into a fissile material.

Need for high quality national health system
used by poor, rich alike: President

President Pranab Mukherjee emphasized on
the need to craft a high quality national health system
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Inaugurating the new campus of CSIR’s
Institute of Genomics and Integrative Biology (IGIB)
in south Delhi, Prime Minister of India, Manmohan
Singh asked scientists to seek newer frontiers of
research, match capabilities of peers around the world
and help India leapfrog. Pointing out that India has
been overtaken in scientific research by other
emerging powers, he asked scientists to redouble
efforts in research and development, a field where
India has been overtaken by other rapidly emerging
powers. He added that India needs a new leap forward
in science and had the good fortune of investing in
science long before other developing countries did.
Singh also said that it was the patriotism of the
generation represented by scientists like C V Raman
and J C Bose that had enabled the political leadership
to help build research capabilities across the country.
He asked the scientists to rediscover the patriotism of
an earlier generation, match the enterprise and
capability of peers around the world and help the
country leap frog in the future.

Biodiversity still the key in difficult economic
times: UK minister, Richard Benyon

Despite very difficult economic times and
wider financial scepticism among the wider population,
it is more important than
ever to protect biodiversity,
and at the same time
allowing for economic
growth and poverty
reduction, said UK’s
minister of state for
environment, Richard



that is used by the poor and rich alike. Addressing the
40th annual convocation of All India Institute of Medical
Sciences, the President expressed deep concern over
the impoverishing impact of health and medical
expenses on the vulnerable sections of the society.
He said that it is unacceptable that almost 80 per cent
of the expenditure on healthcare by our people is met
by personal, out of pocket, payments and as many as
four crore people plunge into poverty each year due
to expenses on medical treatment. The President
stressed on the health services for the poor. Progress
in the health sector is key to India’s future place of
prominence in the world. He said that the nation’s
productivity depends on the health and well-being of
its citizens and Economic growth that does not go hand
in hand with reduction in avoidable mortality and ill
health is neither sustainable nor desirable. Mr
Mukherjee said the time had come for India to aim at
attaining Universal Health Coverage in the next two
to three Plan periods.

World should commit resources to meet
biodiversity goals: Jayanthi Natarajan

The global community should agree to interim
commitments and targets on resource mobilisation,
failing which implementation of the biodiversity
protection agenda would be severely impacted
considering its time-bound nature, said Environment
and Forests Minister of India, Jayanthi Natarajan.
Speaking at opening of the 11th Conference of the
Parties (CoP 11) to the Convention on Biological
Diversity (CBD), she said resource mobilisation was
the most important unfinished agenda inherited and
was adopted for funding the means to achieve
biodiversity targets. she said that we have been
provided with another singular opportunity to
collectively decide on committing resources to infuse
confidence and generate momentum for
implementation of biodiversity targets and If we miss
this, it will be our collective failure to achieve the targets

by 2020. Natarajan stressed the need to adopt new
approaches and mechanisms, leveraging resources
from existing sources through mainstreaming,
adjusting economic instruments and further engaging
the business sector.

SCIENTIFIC NEWS
Can Vaccines Be Delivered Via the Lungs Instead
of by Injection?

Researchers from University of Groningen
and National Institute for Public Health and the
Environment (Bilthoven), Netherlands described the
unique physiology and immune responsiveness of the
respiratory track that make pulmonary vaccine delivery
such an attractive alternative to traditional injections.
Although pulmonary vaccination is still a young field,
with much more research needed, evidence suggests
administration of a vaccine to the lungs can induce a
local immune response more effectively than
conventional types of vaccine delivery, in addition to
stimulating antibody production throughout the body.
This could be especially important for combating
pathogens that cause pulmonary diseases. In addition
to the obvious benefit of eliminating the need for an
injection, new vaccine delivery methods via the lungs
offer particular advantages for protecting against
infectious agents that enter the body through the
respiratory track.

T.Ravali

Strengthening a Billion-Dollar Gene in Soybeans
Crop sciences researchers at the University of Illinois
and the University of Wisconsin have found a way to
strengthen plant resistance. Soybean cyst nematode
(SCN) does hundreds of millions of dollars’ worth of
damage each year. An area on chromosome 18 called
Rhg1 (Resistance to H. glycines) is known to be the
location of the main source of SCN resistance. Rhg1
disrupts the formation and maintenance of potential
nematode-feeding sites on plant roots. Using fine
mapping, which is a technique that involves mapping
genes in a very constrained area, researchers
narrowed the search down to a few gene candidates.
They found that nearly every soybean variety that is
known to be SCN resistant has more than one set of
these genes. The Wisconsin researchers used a
technique called Fiber-FISH to show that the genes
make soybeans nematode-resistant. . It allowed them
to look into the DNA molecule and count the number
of genes in a row. They also found that levels of
expression of these genes were higher where there

Current Trends in Biotechnology and Pharmacy
Vol. 6 (4) i-v October 2012, ISSN 0973-8916 (Print), 2230-7303 (Online)

ii



were more copies of the genes. The results are
interesting from a scientific point of view because
having several genes next to each other that control
the same trait is unusual in multicellular organisms.
So is having an effect that is clearly due to multiple
repeats of a stretch of DNA. The practical implication
of the study suggests a way to engineer artificial
resistance that is stronger than natural resistance.

B.Suraghavi

Scientists Use New Method to Help Reduce Piglet
Mortality

Scientists from U.S. Department of
Agriculture (USDA) have developed a new method
that predicts animals’ mortality and nursing ability
which helps to increase the survival of newborn piglets.
The measuring technique  is called the “immunocrit,”
which determines whether preweaning piglets receive
adequate colostrum from the sow. The colostrum
produced by a sow after giving birth contains
immunoglobulins, or antibodies, which help build
immunity against bacteria, viruses and other foreign
elements. Piglets that fail to nurse and receive enough
colostrum from their mother within the first 24 hours
after birth usually die. The immunocrit measures
newborn piglet serum immunoglobulin in blood
samples. Immunocrit results also show that the
average measurement of piglets in a litter reflects the
sow’s ability to produce colostrum. In addition,
scientists have found a connection between
immunocrit measurements, piglets’ weight and
mortality. Pigs that weighed more were more likely to
survive the challenge of not getting colostrum within
the critical timeframe, as opposed to those that
weighed less. The immunocrit recognizes piglets within
a litter that have not eaten or had the chance to nurse.
This provides an opportunity to save at-risk piglets by
using intervention strategies.

E.Manoj Kumar

Even Our Fat Cells Need Sleep, According to New
Research

Researchers from University of Chicago have
found that not getting enough shut-eye has a harmful
impact on fat cells, reducing by 30 percent their ability
to respond to insulin, a hormone that regulates energy.
Body fat, also known as adipose tissue, stores and
releases energy. In storage mode, fat cells remove
fatty acids and lipids from the circulation where they
can damage other tissues. When fat cells cannot
respond effectively to insulin, these lipids leach out
into the circulation, leading to serious complications.

Sleep deprivation has long been associated with
impaired brain function, causing decreased alertness
and reduced cognitive ability. The researchers
performed a biopsy, removing abdominal fat cells and
measured how these fat cells responded to insulin.
The researchers assessed insulin sensitivity at the
molecular level by measuring the phosphorylation of
a protein called Akt within fat cells. Akt phosphorylation
is a crucial early chemical step in the cell’s response
to insulin. The insulin sensitivity of fat cells decreased
by 30 percent.  They found that the sleep-deprived
study participants had a decreased response to a
range of doses of insulin. This study is “a valuable
contribution to the understanding of the causal
pathways by which reduced sleep duration may directly
contribute to diabetes and obesity. These results point
to a much wider influence of sleep on bodily functions,
including metabolism, adipose tissue, cardiovascular
function, and possibly more. The study suggests that
sleep’s role in energy metabolism is at least as
important as it is in brain function.

K.Manideeep

EDUCATION

PhD/Post Doctoral Programs
Admission to Ph.D. in Biomedical Sciences:
Applications are invited for admission to Ph.D
programmes in Institute of Liver & Biliary Sciences
(ILBS), D-1, Vasant Kunj, New Delhi, India in the in
the field of Liver and Biliary diseases and allied
disciplines. The selection is made on the basis of
interview only. Candidates with M.Sc./M.B.B.S/ MS/
MD/DNB are eligible. Candidate should submit their
application online at the ILBS website (http://
www.ilbs.in). Application form duly filled in with all
necessary documents attached should be submitted
in person or sent by post to the Associate Dean,
Institute of Liver & Biliary Sciences, D-1, Vasant Kunj,
New Delhi-110 070, India on or before 30-11-2012.
Application form must be accompanied by the
application fee in form of Demand Draft for Rs. 2500,
payable at New Delhi, in favour of the Director, ILBS
New Delhi. All applications would be screened for
eligibility and only the eligible candidates would be
called for the entrance test. The schedule of entrance
test is Written Examination at New Delhi on 09th
December, 2012 and Departmental assessment on
10th December, 2012.

Admission to Post Doctoral Fellowships:
Applications are invited from the eligible candidates
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to pursue Post-Doctoral (PDF) / Doctoral
Research(JRF) in the areas of Health and allied
subjects including Life / Bio Sciences at Yenepoya
University, University Road, Deralakatte, Mangalore -
575 018, India. The candidate have Written test
followed by personal interview. The filled-in
applications for the JRF and Curriculum Vitae with
Research proposal (for PDF) should reach to The
Registrar, Yenepoya University, University Road,
Deralakatte, Mangalore - 575 018, India on or before
01-11-2012. Email : reachus@yenepoya.org. Web:
www.yenepoya.edu.in.

OPPORTUNITIES
CSIR-Indian Institute Of Chemical Technology,
Hyderabad - 500 607, India. Applications are invited
from eligible candidates for position of Junior Research
Fellow (JRF) to pursue AcSIR PhD Program at CSIR-
IICT in the areas of Organic Chemistry (35 vacancies),
Analytical Chemistry (2), NMR (1), Molecular Modelling
(1), Polymers & Functional Materials (7), Chemical
Engineering /Technology (1), Inorganic & Physical
Chemistry (23), Biology/ Chemical Biology (12),
Bioengineering and Environmental Sciences (1).
Candidates with First class M.Sc. degree or equivalent
in Chemistry/ Biology/ Physics or allied sciences with
i) a valid rank in CSIR/UGC-NET JRF Examination,
OR ii) a valid DST INSPIRE/ICMR/ Fellowship are
eligible. Also candidates with First class BE/B.Tech in
Chemical Engineering /Chemical Technology/
Biochemical/ Biotechnology/ Environmental Sciences
with a valid GATE score / CSIR-UGC-NET rank are
eligible. Candidates may apply online for PhD
Admission to CSIR- IICT at www.iictindia.org on or
before October 28, 2012. In addition, the candidates
must also submit on-line applications for PhD
registration in AcSIR at http://acsir.res.in on or before
October 28, 2012. A soft copy of the receipt/
acknowledgement of AcSIR should be mailed to
phdatiict@gmail.com. The interviews/written test  are
conducted on November 29 & 30, 2012.

Jawaharlal Nehru University, New Delhi, India.
Applications are invited from eligible candidates for
one Senior Research Fellow (SRF) position to work
in a research project entitled “Study of Antiangiogenic
and Anti-tumor Effects of Fisetin in Lung Cancer:
Implications for Intervention of Cancer” sponsored
ICMR. Candidates with M.Sc. in any branch of Life
Sciences and had Qualified National Eligibility Test
(CSIR / UGC / ICMR) with experience in Cancer
Biology are eligible. The application on plain paper

indicating name, date of birth / age, photo, address,
essential / technical / professional qualifications,
experiences, research work, list of published papers,
should reach to Dr. Rana P. Singh, (Project Director),
104/105, Cancer Biology Laboratory, School of Life
Sciences, Jawaharlal Nehru University, New Delhi-
110067, on or before 5th November 2012.

Annamalai University, Annamalai Nagar – 608 002,
Tamil Nadu, India. Applications are invited from
eligible candidates for one post of Project Fellow to
work in UGC-Special  Assistance  Program  awarded 
to  the Department of Zoology, Annamalai University
funded by UGC, New Delhi, India. Candidates with
M.Sc. in Zoology with at least 55% marks (50% in case
of SC/ST/PH) at post-graduate level or M.Phil. in the
subject concerned are eligible. NET/GATE qualified
candidates will be given preference. The interested
candidates can send their applications to
Dr.Mrs.).Selvisabhanayakam, Co-ordinator, UGC-SAP,
Professor and Head, Department of Zoology,
Annamalai University, Annamalai Nagar – 608 002,
Tamil Nadu, India and attend the interview on
31.10.2012. Mobile: 9442441018, E-mail:
drselvisabha@gmail.com.

Banaras Hindu University, Varanasi, India.
Applications are invited from eligible candidates for
the one Position of Research Associate (RA) for 3
years to work on a project entitled “Thrombus
modulation by metallic nanoparticles” funded by DST,
New Delhi. Candidates with PhD in any branch of
science with research experience/specialization in
area of nanotechnology as evidenced from
publications in peer-reviewed international journals are
eligible. Application on plain paper giving biodata along
with qualifications supported by attested documents
should reach to Principal Investigator, Department of
Biochemistry, Institute of Medical Sciences, Banaras
Hindu University, Varanasi-221005, India.

Jawaharlal Nehru Technological University,
Hyderabad, India. Applications are invited from
eligible candidates for one Junior Research Fellow
(JRF) position to work in a research project entitled
“Inventory and bioprospecting of spirochetes of marine
habitats of India” sponsored by the Department of
Biotechnology, New Delhi, India. Candidates with
Masters degree in any branch of Life/Chemical
Sciences(Env. Biotech.)/PlantSciences(Botany)/
AnimalSciences (Zoology) /Microbiology/
Biotechnology/Genetics/Biochemistry/Env. Sciences/
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Org. Chemistry are eligible. Candidates with UGC/
CSIR-JRF/NET  or  GATE are desirable. Candidates
interested are requested to send their applications to
the Principal Investigator and appear for an interview
before the selection committee on 5-11-2012, 10.00
AM at the office of the Head, Centre for environment,
Institute of science and Technology, JNTUniversity,
Hyderabad. For further details contact: Prof. (Mrs). Ch.
Sasikala, Principal Investigator, DBT project, Centre
For Environment, IST, Jnt University Hyderabad,
Kukatpally, Hyderabad – 500085. Telephone: [O] +91-
40-23158661(3480). [R]: +91-40-27535462. [M]:
09000796341. Fax: +91-40-27531563. E_mail:
sasi449@yahoo.ie, sasikala.ch@gmail.com.

SEMINARS/WORKSHOPS/CONFERENCES
International Conference on Environmental Impact
on Human Health  and Therapeutic Challenges
(ICEHT - 2012) & 6th Annual Convention of
Association of Biotechnology and Pharmacy
(ABAP): An International Conference on
“Environmental Impact on Human Health  and
Therapeutic Challenges” (ICEHT - 2012) & 6th Annual
Convention of Association of Biotechnology and
Pharmacy (ABAP) was going to held on December
20-22, 2012 at Sri Venkateswara University, Tirupati,
India organized by Department of Virology, Sri
Venkateswara University, Tirupati, India. Abstract can
be sent through Email: iceht2012@gmail.com on or
before November 30th, 2012. Many Gold medals and
awards like Lifetime Achievement award in
Biotechnology and Pharmacy, Talented Industrial
Biotechnologist award, ABAP-Senior Scientist Awards,
ABAP-Young Scientist Award (Below 30 years and
above 30 years category), ABAP-junior Scientist Award
(for poster presentation) are available. For further
details contact: Prof.DVR Sai Gopal, Chairman, ICEHT
- 2012, Department of Virology, Sri Venkateswara
University, Tirupati - 517502, A.P, India.

The Fifth AP Science Congress - 2012: The Fifth AP
Science Congress - 2012 with a focal theme of
“Innovations in Science, Technology & Mathematics”
was going to held on 14th- 16th November, 2012 at
Acharya Nagarjuna University, Guntur, A.P, India
organized by Acharya Nagarjuna University and
Andhra Pradesh Akademi of Sciences, India. Abstract
can be submitted online by clicking the hyper link

Abstract Submission on the home page http://
www.apsc2012.in on or before October 25th, 2012.
The abstracts also need to be submitted through email
- apas1963@yahoo.co.in. For further details contact:
Prof.K.R.S.Sambasiva Rao, Organizing Secretary,
APSC-2012, Department of Biotechnology, Acharya
Nagarjuna University, Guntur, A.P, India.
Mobile:9440869477. Email: 2012apsc@gmail.com.

International Conference on Bioengineering (ICBE
- 2012): An International conference on Bioengineering
(ICBE - 2012) was going to held on January 2nd - 4th,
2013 at Rajalakshmi Engineering College organized
by Department of Biotechnology, Rajalakshmi
Engineering College, Rajalakshmi Nagar, Thandalam,
Chennai – 602105, Tamil Nadu, India. Abstract can
be submitted through E-mail: mohamedali.s@
rajalakshmi.edu.in or icbe2013@rajalakshmi.edu.in on
or before December 5th, 2012. For further details
contact: Dr. S. Mohamed Ali, Organising Secretary,
Department of Biotechnology, Rajalakshmi
Engineering College, Rajalakshmi Nagar, Thandalam,
Chennai – 602105, Tamil Nadu, India.
E-mail to: mohamedali.s@rajalakshmi.edu.in. Phone
No: +919791186168, 9381981008.

International Conference on Advances in Free
radicals, Redox Signaling and Translational
Antioxidant Research & XII Annual Meeting of the
Society for Free Radical Research, Lucknow, India:
An International Conference on Advances in Free
radicals, Redox Signaling and Translational Antioxidant
Research & XII Annual Meeting of the Society for Free
Radical Research was going to held on January 30 –
February 1, 2013 at Hotel Clarks Awadh, Lucknow,
India organized by CSIR- Indian Instiute of Toxicology
Research (CSIR-IITR), P.B. 80, M.G. Marg, Lucknow
– 226001, Uttar Pradesh, India. Abstract can be
submitted online through E-mail: sfrrstar2013@
gmail.com on or before November 30, 2012. For further
details contact: Dr. Poonam Kakkar, Organizing
Secretary, SFRR-STAR- 2013, CSIR-Indian Institute
of Toxicology Research, Post Box No. 80, M.G. Marg,
Lucknow-226001, (U.P.) India, E. mail: sfrrstar2013@
gmail.com, Tel: (+91)-0522-2213786, 2627586 extn.
269; Fax : (+91)- 0522-2628227/2611547, Mob:
+919335902630. Conference website: www.sfrrstar
2013.org.
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About Alliance

Alliance, located conveniently in the heart of Hyderabad, trains industry-ready graduates by
bridging education with industry needs in pharmaceutical sciences. Alliance’s visionary
management built state of the art facilities and laboratories to provide quality education meeting
national and international standards.

Collaboration with JNTUH, India
Alliance is having collaboration with Jawaharlal Nehru Technological University, Hyderabad
(JNTUH), which is a premier institution with academic and research–oriented programs, offered
through the constituent and affiliated colleges. Alliance’s syllabi, academic regulations and
course structure are approved by the JNTUH.  JNTUH awards the degrees after fulfilling
the degree requirements.

Collaboration with University of the Pacific, USA
University of the Pacific, ranks in the top 100 among the 3000 national universities in the
United States. Alliance has entered into research collaboration with Thomas J Long School of
Pharmacy and Health Sciences, University of the Pacific.

Alliance students have an option to do research work at the University of the Pacific to fulfill
requirements for MS degree in India. Pacific faculty teaches Alliance students via live online
classes. Pacific is also interested to offer admissions to Alliance students based on their
performance at Alliance.

Programs offered
*· MS in Industrial Pharmaceutics

* MS in Pharmaceutical Analysis & Quality Control

* MS in Drug Development & Regulatory Affairs

For admissions, application forms and additional information visit online at
 www.jntuh.ac.in/alliance or www.allianceinstitute.org.

  ALLIANCE INSTITUTE OF
ADVANCED

PHARMACEUTICAL AND
HEALTH SCIENCES

#604A, Aditya Trade Centre, Ameerpet,
Hyderabad – 500 038, India

Phone: 040-66663326 / 23730072, Website:
www.allianceinstitute.org
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