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ABSTRACT
The present study was designed to explore the potent actinomycete strains with remarkable antimicrobial and
cytotoxic activities from the high altitude sites of Kashmir – India. A total of 33 actinomycetes were isolated
from the soil samples collected from high altitude Thajiwas and Apharwat glaciers and their ethyl acetate
extracts were screened for cytotoxic activity against a panel of human cancer cell lines. The extracts of isolates
SRP-12, SRP-18, SRP-19, SRP-20, and SRP-23 showed promising inhibition of cervical cancer cell line (Hela).
In vivo studies of the extract of strain SRP-19 showed maximum (77.63 %) tumor growth inhibition in Ehrlich
Ascites Carcinoma mouse model. Further, these extracts were also tested for their antimicrobial studies and
showed promising activity against Gram-positive bacteria with minimum inhibitory concentration (MIC) in the
range of 0.5 - 64 µg/ml. Based on these results the potent strains were identified by 16s rRNA gene sequencing
technique. The results of the present study revealed that the soil actinomycetes of Thagwas and Apharwat
glaciers in Kashmir, India have immense potential as a source of anticancer and antimicrobial compounds.
Keywords: Thajiwas and Apharwat glacier, Actinomycetes, Cytotoxicity, Antimicrobial activity, 16S rRNA
gene

INTRODUCTION
Among the thousands of antibiotics discovered
only few of them are prescribed due to their high
toxicity and rapid emergence of resistance among
pathogens [1]. To overcome this problem extensive
research needed to search for the novel antibiotics.
The microbes have tremendous potential to
provide broad spectrum of structurally diverse
secondary metabolites and are considered as
miniatures of chemical factories. These secondary
metabolites possess diverse biological activities
including antimicrobial, antitumor, and antiparastic
and are therefore potential candidates for drug
discovery [2].
Microbial diversity is one of the largest sources of
novel drugs and potential goldmine for the
biotechnology industry [3]. Among microbes
actinomycetes have a tremendous potential to
produce chemically diverse secondary metabolites
like amino glycosides, anthracyclins, peptides,

polyenes, polyether and tetracycline [4,5]. They
have been the focus of several research efforts
since the discovery of actinomycin by Selman
Waksman in 1940 [6]. Almost 80% of the world’s
antibiotics are known to come from Actinomycetes,
mostly from the genera Streptomyces and
Micromonospora [7].
The Kashmir Himalayas, mostly being nestled
within north western region of India, harbors a rich
microbial diversity of scientific interest and
enormous economic potential. Though scientific
studies on the microbial diversity of Kashmir
Himalayas have already been started about a few
decades ago, yet there is huge scope for the
isolation of some actinomycetes with tremendous
therapeutic potential. Therefore, the present study
was undertaken to explore the high altitudes of
Kashmir valley like Thagiwas and Aparwat glacier
for the isolation of actinomycetes with economic
and biotechnological potential.
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the sequences available from the GenBank database
(NCBI),
using
the
BLAST
program
(http://www.ncbi.nlm.nih.gov/
BLAST/)
to
determine the approximate phylogenetic affiliation.
Similarity analysis was performed using ClustalW
program [16]. Phylogenetic analysis was carried
out by neighbour-joining method using MEGA
software ver. 4.0 [17] as shown in the diagram (Fig
1). The sequences were deposited with NCBI Gen
Bank with the accession numbers (KC355416KC355423).

MATERIALS AND METHODS
Sample collection: Soil samples were collected
from different high altitudes of Thajiwas glacier
(latitude 34º18'11"N, longitude 75º17'57"E, and
altitude 4,745m) and Apparwath Lake located in
Sonamarg region of Kashmir, India. The samples
were collected aseptically from different sites and
depths after removing approximately 3 cm of the
soil surface, transferred to sealed plastic bags and
immediately transported to the laboratory. The
moisture from soil samples was removed and
sieved through a brass sieve with a 2 mm aperture
size and then stored in the refrigerator at 4oC.

Fermentation
and
organic
metabolite
extraction: The well-developed colonies of the
selected isolates were cultured in 250 ml
Erlenmeyer flasks containing 100ml of either
Starch casein (SC) or ISP-2 media. The pH of the
media was adjusted at 7.2 using 1 N NaOH
solution before sterilization. After incubation at 28
ºC for 3-4 days in an incubator with shaking at 180
rpm, these precultures were used to inoculate (5 %
v/v) a total volume of 1L culture media having the
same composition as the precultures (250 ml in
1,000 ml Erlenmeyer flasks). The flasks were
incubated under similar conditions for 10-15 days
depending on the growth rate. The Culture broths
were harvested and centrifuged at 6000rpm for 10
min. The cell free supernants were extracted using
equal volume of ethyl acetate for three successive
times with vigorous shaking for 30 minutes. The
Ethyl acetate fractions were concentrated under
reduced pressure. The crude extracts were then
transferred in pre-weighed vials and then dissolved
in Dimethyl sulfoxide (DMSO) to get a final
concentration of 1 mg/ml, for in vitro antimicrobial
and cytotoxicity evaluation.

Isolation of Actinomycetes: Isolation of
actinomycetes from soil samples was done using
four different media (starch-casein agar medium
(1L distilled water containing 10g soluble starch,
2g potassium phosphate dibasic, 2g KNO3, 2g
NaCl, 0.3g tryptone-I, 0.05g MgSO4, 0.01g FeSO4,
0.02g CaCO3; [8]. ISP medium 1(1L distilled water
containing 5g casein and 3g Yeast Extract; [9].
KMM (IL distilled water containing dextrose 1g,
KH2PO4 0.1g, NaNO3 0.1g, KOH 0.1g and
MgSO4.7H2O 0.1g) and actinomycete isolation
agar medium (22g/L water containing 5ml
glycerol). An aliquot of each soil sample was
suspended in sterile distilled water (1g in 9ml) and
homogenized by vortexing [10]. The supernatant
was diluted serially to final dilution of 10-6 with
sterile water and 100 μ1 of each dilution was
spread on the isolation plates. The plates were
incubated at 28oC and observed for 3-4 weeks for
the growth of colonies. All media were
supplemented with cyclohexamide (50μg/ml) and
nystatin (25μg/ml) to prevent fungal growth and
Gram-negative bacteria [11]. The stock cultures of
selected strains were preserved in 50% glycerol
(v/v) at -20 oC [12].

In Vitro Antimicrobial activity
Bacterial and fungal cultures used: Bacterial
strains used for this study comprised of three
Gram-positive bacteria: Staphylococcus aureus
(ATCC
29213),
methicillin-resistant
Staphylococcus aureus (MRSA, ATCC 15187) and
Vancomycin-resistant Enterococcus faecalis (VRE;
Clinical isolate); two Gram-negative bacteria:
Escherichia coli (ATCC 25292) & Pseudomonas
aeruginosa (ATCC 27853). Fungal cultures Candida albicans ATCC 90028 & Aspergillus
fumigatus (MTCC 1811). All ATCC strains were
procured from the American Type Culture
Collection (ATCC, Manassas, VA, USA). They
were maintained on agar slant at 4°C and
subcultured on a fresh appropriate agar plates 24
hrs prior to any antimicrobial test. The Mueller
Hinton Agar (MHA) and Sabouraud dextrose Agar
(SDA) were used for the activation of bacteria and
fungi respectively. The Mueller Hinton Broth
(MHB) and RPMI 1640 were used for the MIC
determinations.

Molecular Identification and Phylogenetic
Analysis: Genomic DNA from the selected isolates
with remarkable activity was prepared by using
modified CTAB method [13]. The 16S rRNA
genes were selectively amplified by PCR using
universal primers 27F and 1525R. The PCR
reaction mixture (50 μl) contained 25 μl of PCR
master mix (Genei, Bangalore, India), 1 pmoll−1 of
each primer and 100 ng of template DNA. Thermal
cycling conditions were as follows: initial
denaturation (5 min at 95 °C), followed by 35
cycles of denaturation (95 °C for 20 s), annealing
(52 °C for 30 sec), and primer extension (72°C for
1min.), followed by final extension step for 5 min
at 72 °C. The sequence determination of the PCR
amplified product was carried out using ABI
genetic analyser 3130XL [14, 15]. The 16S rRNA
gene sequences of the strains were compared with
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Inoculum preparation: Suspensions of bacteria
and yeasts were prepared in sterile normal saline
(0.85%) from 24 h growth on MHA & SDA
respectively. The turbidity of the bacterial
suspension was adjusted with a densitometer to 0.5
McFarland standard (equivalent to 1.5 × 108
CFU/ml), 1.0 McFarland standard (equivalent to
1.5 × 108 CFU/ml) for fungal strains and 0.9
McFarland standard (equivalent to1.5 × 107
CFU/ml) for yeast. Inoculum suspensions of
Aspergillus species were prepared from fresh,
mature (5 to 7 days old) cultures grown on
Sabouraud dextrose agar or potato dextrose agar
slants. The colonies were covered with
approximately 5 ml of distilled water containing
5% Tween 20. The inoculum size was adjusted to
1.5 × 106 spores/ml by microscopic enumeration
with a cell-counting hematocytometer. Inocula
were verified for each assay by plating onto agar
plates for colony enumeration.

incubated at 37°C for 24 hrs whereas the plates of
P. aeruginosa were kept in anaerobic jar at 37oC
for 48 hours and fungal cultures at 28oC for 48 hrs.
The plates were read visually for the absence or
presence of turbidity and the minimum
concentration of the compound showing no
turbidity were recorded as MIC.
In Vitro Anticancer activity
Cell lines, growth medium and chemicals:
Human leukaemia cancer cell line (THP-1), Human
cervical cancer cell line (Hela), Human prostate
cancer cell line (PC-3) and colon cancer cell line
(Caco-2) were procured from National Center for
Cell Science, Ganeshkhind, Pune - 4111007 (India)
and from National Cancer Institute, Frederick
Cancer Research and Development Center, (USA).
Cells were cultured in complete media and
maintained at 370C in CO2 incubator (New
Brunswick, Galaxy 170R, eppendroff) with an
internal atmosphere of 95 % air and 5 % CO2 gas.
The media was stored at low temperature (2-8oC).
A stock solution of 20,000μg/ml was prepared in
100% DMSO. The working solutions of test
samples were prepared in the complete growth
medium, which were filtered by using sterilized
0.2μ syringe filter, before testing on human cancer
cell lines. Growth medium (RPMI-1640 and
Minimum Essential Media, MEM), fetal calf
serum, trypsin, penicillin, streptomycin, DMSO,
trichloroacetic
acid,
Sulphorhodamine,
5florouracil, Adriamycin and Paclitaxel were
obtained from sigma.

Primary screening; Stock solutions of the extracts
were prepared in 100% dimethyl sulfoxide
(DMSO; Sigma) & were initially screened at a
fixed concentration of 250µg/ml for Antimicrobial
activity, by using broth method. This screening was
carried out in 96-well U-bottom microtiter plates
and each extract was tested in triplicate to confirm
the Antimicrobial activity. The idea behind the
primary screening is to check and filter out the
extracts showing Antimicrobial activity from the
non-active
ones.
Mueller-Hinton
broth
supplemented with calcium (25 mg/ L) and
magnesium (12.5 mg/L) was used for bacterial
strains whereas RPMI 1640 medium buffered to a
pH of 7.0 with 0.165 M MOPS was used for fungal
strains.

Cell cytotoxicity assay by Sulphorhodamine B
Dye (SRB): This assay was carried out as
described by [21]. The anticancer activity was
determined by the cytotoxic potential of the test
material using human cancer cell line, which was
allowed to grow on tissue culture plate in the
presence of test material. Viable cell density was
adjusted to 5,000 - 40,000 cells/100μl into each
well of 96-well plates (Iwaki) and exposed to test
material (SRP-1-33) in the culture medium (RPMI1640) and also with known cytotoxic agent e.g
adriamycin and 5-florouracil (Sigma–Aldrich, UK),
which were used as positive controls [22]. The cells
with the samples were Incubated for 48 hrs. The
cells attached to the bottom of the wells were fixed
with ice-cold Trichloroacetic acid (TCA, 50%) for
1 h at 40C to produce a final concentration of 10%.
The plates were washed five times with distilled
water to remove TCA, growth medium, serum
proteins, low molecular weight metabolites etc.
The plates were allowed to dry in the air and stored
until further use. Now, 0.4% sulphorhodamine
(SRB) solution was added to each well of the dried
96-well plates and allowed staining at room
temperature for 30 minutes. The SRB solution was

MIC determination: MIC was determined by
broth microdilution method in accordance with the
guidelines of Clinical and Laboratory Standards
Institute (CLSI) (formerly the National Committee
for Clinical Laboratory Standards) [18, 19, 20].
Two fold serial dilutions of the extracts were
prepared in the respective test medium in amounts
of 100 μl per well in 96-well U-bottom microtiter
plates. The above mentioned microbial suspensions
were further diluted to 1:100 in media, and a 100 μl
volume of this diluted inoculum was added to each
well of the plate, resulting in a final inoculum of
1.5 × 106 CFU/ml for bacteria, 1.5 × 104 CFU/ml
for A. fumigatus and 1.5 × 105CFU/ml for yeasts.
The final concentration of samples ranged from
0.12-256 μg/ml. The medium without the agents
was used as a growth control and the blank control
used contained only the medium. Ciprofloxacin &
Amphotericin B were served as the standard drug
controls for bacterial & fungal cultures
respectively. All the microtiter plates were
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removed by washing the plates quickly, five times,
with 1% v/v acetic acid, to remove unbound dye.
The bound SRB dye was then solubilised by adding
100μl of 10 mM unbuffered Tris Base (pH 10.5) to
each well and shaking for 5 minutes on a shaker
platform and finally the absorbance of the plates
was taken at 540nm wavelength.

Evaluation: The experiment was evaluated on day
12. Animals in each group were sacrificed by
cervical dislocation. The ascitic fluid from each
animal was collected in a pre-weighed graduated
centrifuge tube with the help of funnel. Thus,
volume and weight of ascitic fluid from each
animal was recorded. Number of tumour cells in
ascitic fluid was counted with the help of
Neubauer’s chamber and the total number of
tumour cells present in the ascitic fluid of each
animal was arrived at.

In vivo anticancer activity against Ehrlich
Ascites Carcinoma
Propagation of EAC cells: For propagation of
EAC cells, ascitic fluid from an animal bearing 810 days old Ehrlich Ascites Carcinoma was
withdrawn and diluted with normal saline. Cell
number per ml of diluted ascitic fluid was
determined with the help of Neubauer’s chamber
and the volume of ascitic fluid containing
1x107cells was arrived at. This volume of ascitic
fluid was injected intraperitoneally in non-inbred
swiss mice (4-5 nos.). When the ascites grew 8-10
days old, again peritoneal fluid was collected and
EAC cells were transplanted in the peritoneal
cavity of fresh non-inbred swiss mice.
Experimental Animals: Non-inbred swiss mice
weighing
18-23
gms
were
used
for
experimentation. All the animals used in a single
experiment were of the same sex and clinically free
from any disease.
Protocol: For induction of tumour in experimental
animals, the ascitic fluid collected from an animal
harbouring 8-10 days old EAC was diluted with
normal saline in such a way that 0.2 ml of fluid
contained 1x107 EAC cells. All animals selected for
conducting the experiment were injected
intraperitoneally with 0.2 ml of ascitic fluid
containing 1x107 EAC cells on day 0.
On day 1, all animals injected with EAC cells were
randomized and divided in different treatment and
control groups. Tumour bearing control group
contained 15 animals and all other groups
(treatment and positive control) contained seven
animals each. Animals in each group were weighed
and an average body weight of animals in each
group was worked out. Based on the body weight,
test drugs were prepared for four days’ daily
administration in such a way that each dose was
contained in 0.2 ml volume. Positive control group
was treated with 5-Fluorouracil (20 mg/kg i/p).
Tumour bearing control group was administered
normal saline (0.2 ml i/p). Animals in the
treatment and control groups were treated with
respective test drugs at a fixed time (2.00 PM).
On day 5, animals in each group were again
weighed and based on the average body weight for
each group, test drugs were prepared for the next 5
days. Animals in the treated & control groups were
treated with respective test solution at a fixed time
from day 5 to day 9.

RESULTS AND DISCUSSION
Isolation and Identification of Actinomycetes:
Actinomycetes from under explored habitats are
proving to be a rich source of new bioactive
compounds, including antibiotics [23, 24]. The
exploration of extreme habitations and unstudied
areas are considered important approaches for
discovering potent actinomycete strains of
tremendous bioactive potential. It is well known
that actinomycetes are one of the major
components of microbial population present in soil.
As soil is the major repository of microorganisms,
therefore soil samples were collected from high
altitude cold regions of Thajiwas glacier located in
Sonamarg
(latitude
34º18'11"N,
longitude
75º17'57"E, and altitude 4,745m) and Apharwat
glacier located at higher reaches of Gulmarg
(latitude 34° 3' 0"N, longitude 74° 22' 48"E and
altitude 2,690m) in Kashmir.
During the entire study a total of 33 pure strains of
actinomycetes were isolated using four different
selective media. All the isolates were
morphologically characterized and molecular
characterizations of 08 strains showing significant
activity were carried out by 16S rDNA approach
using universal forward and reverse primers. The
amplicons obtained after PCR were sequenced
using ABI genetic analyser 3130XL and the
sequences thus obtained were submitted to NCBI
Genbank with the accession numbers (KC355416KC355423).
Antimicrobial Activity: The in vitro antimicrobial
activities of the isolates were tested on a group of
clinically significant Gram-positive, Gram-negative
bacteria (data not shown), yeast as well as fungal
pathogen. The selected isolates were active against
bacterial pathogens, however activity was limited
to Gram-positive bacteria only, as its MIC was
>256μg/ml against E. coli ATCC 25922, P.
aeruginosa
ATCC
27853
(Gram-negative
pathogens used in this study) and C. albicans
ATCC 90028 and A. fumigatus (MTCC 1811). The
antibacterial activity of 5 strains (SRP-13, SRP-15,
SRP-18, SRP-22, and SRP-23) was quite promising
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with an MIC in the range of 0.5-32 µg/ml. M (Fig.
2). The antibacterial potential of SRP-13 and SRP22 against S.aureus, MRSA and VRE warrant
further investigation for its use as an appropriate
source that may produce novel potent antimicrobial
agents of biological importance.

promises that some good anticancer molecules
could be isolated on large scale fermentation. The
anticancer activities of SRP-19 and SRP-18 need
further investigation for its use as an appropriate
source to produce anticancer agents of biological
importance.

Evaluation of the cytotoxic activity: Evaluation
of in vitro cytotoxic activity have shown significant
anti-cancer potential against a panel of cancer cells
among 8 streptomycetes strains out of 33 under
study(Fig-3). The increased growth inhibition was
found in leukemia (THP-1), cervix (Hela), prostate
(PC-3) and colon (Caco-2) cancer cell lines.
Interestingly cervical cancer has shown promising
inhibition in case of SRP-12, SRP-18, SRP-19,
SRP-20, and SRP-23. In general, anticancer
activity of the selected isolates demonstrated that
streptomycetes are a reliable source for natural
anticancer active compounds.

CONCLUSION
In conclusion, it is believed that potent microbial
strains with a tremendous potential of anticancer
and antimicrobial activities may be obtained from
high altitude unexplored sites of Kashmir
Himalayas. The preliminary screening of these
actinomycetes in this study revealed their potential
as a source of potent bioactives for drug discovery
programme.
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extracts more than 50% tumor growth inhibition
was observed in SRP-04, SRP-12, SRP-18, SRP-19
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SRP-19 (77.63%) followed by SRP-18 (69.68%)

Conflict of Interest: The authors declare that there
is no conflict of interest to reveal.

Figure – 1: Dendrogram showing Phylogenetic relation among selected strains
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Figure – 2 MIC of active isolates against gram +ve bacteria

Figure – 3: In vitro cytotoxicity against human cancer cell lines of varied tissue origin
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Figure – 4: Graph indicating percentage tumour growth and treatment groups at doses SPR-04 (60mg/kg), SPR-12 (70mg/kg), SPR-13
(100mg/kg), SPR-15 (100mg/kg), SPR-18 (100mg/kg), SPR-19 (100mg/kg), SPR-20 (100mg/kg), SPR-23 (100mg/kg), SPR-26 (60mg/kg)
and 5FU (20mg/kg). All doses were given through intraperitoneal route.
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