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Abstract:The present study was conducted to evaluate the antimicrobial and antitumor activities of
bioactive compounds produced from locally isolated actinomycetes (KH14), and analyzing these
compounds by TLC, bioautograhgy and HPLC-MS. The isolate KH14 showed significant inhibition of
human microbial pathogens, both Gram positive, Gram negative bacteria and yeast with an inhibition
zone of 30, 13 and 12 mm, respectively. The MICs potential against Staphylococcus aureus,
Escherichia coli and Candida albicans were 64, 500 and 500 pl/ml, respectively. The antimicrobial
compound was analyzed by TLC, which indicated the presence of four spots while only one of them
exhibited antimicrobial activities and their position was determined by bioautography, via different
solvents exhibiting different R¢values. HPLS-MS analysis of scraped active spot from the TLC indicated
the presence of a large number of compounds when determining their mass chromatogram, while UV
absorbance indicated the presences of only two peaks with UV absorbances 221.85and 264.85nm. The
antitumor activity by 3-(4, 5-dimethylthiazol- 2-yl) -2, 5-diphenyl-tetrazolium bromide (MTT) assay
indicated that KH14possesses a powerful effect against using cancerous cell lines, especially against
Breast cancer cells (MCF-7) by inhibiting 75.84% with (400 pg), while against the rest of other cell
lines, Human Prostate cancer cells ( PC3)and Human malignant melanoma, skin cancer (A375), were
shown moderate activities.
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Introduction

Actinomycetes are categorized by a
multipart life cycle, filamentous Gram-
positive bacteria fitting to the phylum
Actinobateria that denotes one of the
major taxonomic elements among the
18 main ancestries currently
documented within the domain bacteria

(1). Actinomycetes are broadly spread
in most environment state, especially in
terrestrial and aquatic ecosystems,
particularly in soil, which play a vital
role in the recycling of intractable
biomaterials by decaying complex
mixes of polymers in animal and fungal
materials and dead plant. They are
important in soil degradation and humus
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formation by the reprocessing of
nutrients related to intractable polymers
such as lignocelluloses, keratin and
chitin and yields numerous volatile
materials like geosminliable of the
characteristic “wet earth odor”. They
also display varied metabolic and
physiological properties, such as the
production  of  extracellular and
intracellular enzymes (2, 3, 4).
Actinomycetes  produces  bioactive
compounds with angiogenic or wound
healing properties, and new bioactive
complexes of anthraquinone nature with
powerful antimicrobial, antitumor, anti-
inflammatory and antiviral activities
have also been reported from soil
actinomycetes and its antitumor activity
has been reported (5, 6). Currently,
there are little published and predictable
evidence on the actinomycetes and their
bioactivity for potential production of
antimicrobial compounds and antitumor
in Irag, in addition the main objectives
of this study are to characterize
produced bioactive compounds, by TLC
and HPLC-MS, and to investigate
antimicrobial and antitumor properties
of these compounds from isolated
actinomycetes (KH14).

Materials and Methods
Actinomycetes Strain

The locally isolated actinomycetes
strain (KH14) was obtained in a
previous study (unpuplished paper),
which characterized with optimum pH
8, NaCl salt tolerance 5%, and
production of diffusible pigment
(orange in color) and heavy mycelia
growth with white and yellow color of
aerial and substrate (reverse) mycelium
color when grown on yeast extract malt
extract agar (ISP2) (2).

Microbial Pathogens Used for
Antimicrobial Activities

The human pathogenic microorganisms
were used for testing antimicrobial
activities such Staphylococcus aureus
ATCC 25923, Escherichia coli ATCC
25922 and Candida albicans ATCC
10231.

Fermentation Condition (Secondary
Screening)

Secondary screening (fermentation) for
production of antimicrobial metabolites
was carried out by inoculating 150ml of
production media (yeast extract, malt
extract agar ISP2) in an Erlenmeyer
flask with 1.5 ml of prepared stock
suspension cultures then incubated at
29+1°C, 150rpm for 7days in shaking
incubator. The broth was filtered with
sterile Whatman No. 1 filter paper, and
treated as extracellular crude extract (7).

In vitro Antimicrobial Activities of
Isolated Actinomycetes (KH14)

Agar well diffusion method was done to
screen antimicrobial activities against
tested microbial pathogens.  Using
sterile swabs, Mueller Hinton agar
plates inoculated with  microbial
pathogens, and dug wells of 6mm
diameter using Pasteur pipette, 60 all of
the extracts were loaded into the wells
and the plates were incubated at 37°C
for 24 hours. The plates were observed
for the inhibition zone, which recorded
by a metric ruler (8).

Minimum Inhibitory Concentrations
(MICs)

MIC was determined by taking 1ml of
nutrient broth into 13 test tubes, with a
negative control and positive control
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tube, then antimicrobial compounds
(extracellular crude extract) were added
into the first test tube and made a serial
dilution to obtain a final concentration
(1, 2, 4, 8, 16, 32, 64, 125, 250, 500,
600, 700, 800 ul /ml), 50ul of testing
microbial pathogens were added into
each test tube (except negative control)
and they were incubated at 37° C for 24
hours. MICs were determined by naked,
clear tubes were considered as MIC
when compared with both positive and
negative controls, adapted from (9) with
little modification.

Bacteriostatic and Bactericidal
Properties of Extracellular Crude
Extract

To determine whether the bioactive
compound IS bactericidal or
bacteristatic, a sample from the area of
the inhibitory zone around the well was
taken by the means of sterilized swab
then inoculated into nutrient agar. If
bacteria grow in the nutrient agar, the
action of the extracellular crude extract
was probably being bacteriostatic, while
it will be bactericidal if there was no
any growth, after 24 hours of incubation
at 37 ° C (10).

Comparison  between  Synthetic
Antibiotic  Discs  with  Crude
Extracellular Extract (KH14)

Ten synthetic antibiotic  discs(E
Erythromycin, CTX Cefotaxime, TE
Tetracycline, CN Gentamicin, ST
Streptomycin, AZM  Azithromycin
AMC Amoxicillin/clavulanic acid, ME
Methicillin, AX  Amoxicillin, VA
Vancomycin) were used for comparison
of antimicrobial activity against tested
microbial pathogens with extracellular
crude extract metabolites especially
against studied pathogen

(Staphylococcus aureaus ATCC 25923,
and Escherichia coli ATCC 25922),
samples were spread on plates
containing Mueller Hinton agar then the
antimicrobial discs were placed on the
media by the means of sterilized
forceps, three discs per plates were used
and incubated at 37°C for 24 hours.
After that, plates were observed for the
zone of inhibition using metric ruler to
measure the zone of inhibition from
(11) with slight modification.

Partial Purification by Thin Layer
Chromatography (TLC)

The extracellular crude extract was
dissolved in ethyl acetate and spotted by
means of capillary tubes on TLC plates
(TLC 20x20 cm, silica gel 60F ;s4,
Merk co, USA) and using different
mobile phase solvents such Ethyl
acetate  100%, methanol  100%,
chloroform100%, water 100%, n-hexan
100%, toluene 100%, acetone 100%,
ethanol 100%, n-butanol 100%, acetic
acid 100%, ethyl acetate :methanol:
water (10:1.5:1), toluene: ethyl acetate
(93:7), methanol : water (6:4), Ethyl
acetate : Chloroform : Water (95:5:5),
Methanol : Chloroform ( 6:4), Ethyl
acetate: Toluene: Methanol:
Chloroform: Water (1:1:1:1:1) in order
to determine the best solvent system
that separates bioactive compounds
then determining the retention factor
(R¢ value) of active compounds After
running the TLC plates, the plates were
dried andTLC plates were observed
visually under UV light, to detect the
spot position according to (12). The
retention factor (Ry), which is defined as
the distance traveled by the compound
divided by the distance traveled by the
solvent, as follows

R¢ = distance traveled by the compound
/ distance traveled by solvent
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Detecting the Antimicrobial
Metabolites Position (Bioautography)

Bioautography assay follows the thin
layer chromatography to determine the
active antimicrobial metabolites
position, after the TLC plates running.
Plates were seeded with microbial
pathogens and the TLC strip containing
the separated active spots were placed
on the surface of agar media, then,
incubated at 37°C for 24 hrs. After
completing incubation period, inhibition
zone around the active spot of
antimicrobial metabolites were
observed by eyes. The clear zone on the
media indicated the presence of active
antimicrobial compounds which inhibit
the growth of the tested pathogens as
described by (13). The active spot was
visualized by UV, then scraped from the
TLC plates by sterilized Scrapple and
collected in a clean disposable test tube
for ~ High  Performance  Liquid
Chromatography (HPLC) analysis.

High-Performance Liquid
Chromatography (HPLC) Aanalysis
and Partial Purification of Scraped
Spot

The solution for HPLC were prepared
by using 100 mg of spot scraped were
dissolved in 1ml of methanol and shake
well, then filtered by passing through a
Millipore micro filter (0.2 um pores) via
disposable syringe. Separation was
carried out with a HPLC-MS (Waters
2545-USA) quaternary gradient module
equipped with system fluidics organizer
(waters-SFO) coupled with SQ detector
and operated in positive ionization
mode at range from m/z = 200-900 with
2 scan/min, combined with photodiodes
array detector (Waters 2998) with
sampling rate 2 points/Sec (Lambda
range 190-800 NM). A C18/4.5 x 155

mm RP column (X Bridge) was used for
separating with a solvent system
consisting of A: deionized water, B:
methanol, each contain 0.1% formic
acid. The following gradient was
applied: 0-2 minutes 30% A, and 70%
B, 2-10 minutes A linear from 30 to
95%, B linear from 70% to 5%. Ten
microliter of the extract was injected
using an auto - sampler (Waters 2767),
and run with flow rate 1 ml/min using
an auto - sampler (Waters 2767) from
(14) with slight modification.

Cytotoxicity Activity of Extracellular
Crude Extract

Cancer Cell Lines

Three cell lines MCF-7 (Breast cancer
cells), PC3 (Human Prostate cancer
cells) and A375 (Human malignant
melanoma, skin cancer) obtained from
Pharmacology  Department/Medicine
College/Malayia University, were used
in this study to determine the cytotoxic
activity of extracellular crude extract
(KH14).

In vitro Evaluating the Cytotoxic
Activity of Extracellular Crude
Extract of KH14

Cytotoxic properties were determined
by MTT assay for KH14 according to
(15,16) with little modification against
different cell lines. Cell lines were
seeded in 96-well tissue culture plates
(5000  cells/well)  using  Eagles
Minimum Essential Medium (EMEM).
A serial dilution (400, 200, 100, 50, 25,
12.5ug/m) was  prepared  from
lypholized stock  solutions of
extracellular crude extract. All samples
were done in triplicates.

The cells were cultivated at 37°C with
5% CO, and 95% air in 100% relative
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humidity in (Thermo Forma Series Il
Water Jacketed CO, incubator). After
72 hours of incubation the solution in
the medium was removed. An aliquot
amount of 100 pul of medium containing
1 mg/ml of 3-(4, 5-dimethylthiazol- 2-
yl) -2, 5-diphenyl-tetrazolium bromide
(MTT) was loaded to the plate. The
cells were cultured for 4 hours in a
dark chamber for the conversion of
MTT to formazan, and then the solution
in the medium was removed, each well
were loaded an aliquot amount of 100
pl of DMSO were added to the plate,
then measuring the absorbance of the
converted dye at 570 nm in a (Hidex
Candida albicans ATCC 10231 (13 and
12 mm inhibition zone respectively),
this was in agreement with (17) that
most of the  bioactive compounds
extracted from actinomycetes were
performed  against ~ Gram-positive
bacteria with strong activity, against
Gram-negative bacteria with moderate
activity and against yeasts with weak
activity.

The data presented in Table (1)
summarizes minimal inhibitory
concentration (MIC) against microbial
pathogens, the MIC for tested microbial
pathogens  (Staphylococcus  aureus
ATCC 25923, Escherichia coli
ATCC25922 and Candida albicans
ATCC 10231, were exhibited 64 ul /ml,
500 ul /ml and 500 ul /ml respectively.
It reveals that the extracellular crude
extract was very strong against
Staphylococcus aureus, as well as
having a moderate activity against both
Escherichia coli and Candida albicans.
Our results were in agreement with that
described by (18, 19, 20, 21, 22 and 23)

Chameleon plate reader). Cytotoxicity
of each sample was expressed as % cell
variability, as follows

Cell viability % = (mean OD control x
mean OD treated) / (mean OD control)
*100%

Results and Discussion

As shown in Figure (1), in vitro
antimicrobial activities of isolated
actinomycetes (KH14) has been studied,
the highest results achieved against
Staphylococcus aureaus ATCC 25923
(30mm) inhibition  followed by
Escherichia coli ATCC25922 and
for their activities of the active
substance in case of antimicrobial
activities against both gram positive and
negative bacteria, while in the study of
(24, 25) they reported the activity of
their isolated actinomycetes against
only  Staphylococcus aureus and
Candida albicans without obtaining any
activity against Escherichia coli.
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Figure 1: in vitro antimicrobial activities of isolate (KH14)

Table 1 minimum inhibition concentrations (MICs), bacteriostatic and bactericidal assay of isolated
strain (KH14), + :growth, - :No growth

Extracellular Crude
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Figure 2 summarized comparison
between synthetic antibiotic discs with
in vitro antimicrobial activities of
extracellular extract (KH14) against
Escherichia coli ATCC25922 among all
used antibiotics disc the highest result
was exhibited by Cefotaxime 30 ug
(30mm inhibition  zone),  while

Erythromycin,  Amoxicillin/clavulanic
acid, Methicillin, Amoxicillin and
Vancomycin  don’t showed any
activities, in contrast our strain
exhibited the zone of inhibition
(13mm), which meaning better than
50% of all used antibiotic discs.
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Figure 2: Antibiotic synthetic discs compared with (KH14) antimicrobial activity
(E Erythromycin, CTX Cefotaxime, TE Tetracycline, CN Gentamicin, ST Streptomycin, AZM
Azithromycin , AMC Amoxicillin/clavulanic acid, ME Methicillin, AX Amoxicillin, VA Vancomycin)

synthetic antibiotic discs activities
compared with in vitro antimicrobial
activities of (KH14). The extracellular
extract (KH14) against Staphylococcus
aureus ATCC 25923, among all used
antibiotic discs result only Tetracycline
30 ug gave better results (35mm

inhibition zone) than our isolate activity
as shown in Figure (3) , that KH14
exerted was 30mm inhibitory zone,
which is similar as Azithromycin and
Amoxicillin -~ whereas other tested
antibiotic showed lower activities.
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Figure 3: Antibiotic synthetic discs compared with (KH14) antimicrobial activity

The result in Figure (4 A) shows the
separation of bioactive materials on
TLC plates. It has been shown that four

separate spots with different R¢ values
were chosen, after applying
bioautography, only one spot exhibited
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antimicrobial activity against tested
microbial pathogens Figure (4B).The
data in Table (2) summarized the ability
of different solvents for separating the
active spots, all used mobile phase was
able to separate the active spots with
different R; values except n-Hexan
100%, Toluene 100% and Toluene:
Ethyl acetate (93:7) which they fail for
separating the bioactive compounds.
Our results were in agreement with that

A

described by (26, 14 and 27), they
reported a single active spot in their
isolated actinomycetes with different Ry
values using different organic solvents
in the mobile phase, after applying
direct  bioautography  assay  for
determining  their  position, (28)
obtained three spots on TLC plate also
only one of them showed antimicrobial
activity against Staphylococcus aureus.

Figure 4: A separations of bioactive compounds, B bioautography

Table 2 Ryvalues of bioactive spot, exhibited antimicrobial activities by bioautography

Solvents (mobile phase) R¢ value (cm)
Ethyl acetate 100% 0.81
Methanol 100% 0.84
Chloroform100% 0.14
Water 100% 0.3
n-Hexan 100% 0.0
Toluene 100% 0.0
Acetone 100% 0.9
Ethanol 100% 0.92
n-Butanol 100% 0.6
Acetic acid 100% 0.87
Ethyl acetate: Methanol: Water (10:1.5:1) 0.69
Toluene: Ethyl acetate (93:7) 0.0
Methanol: Walter (6:4) 0.65
Ethyl acetate : Chloroform : Water (95:5:5) 0.40
Methanol: Chloroform (6:4) 0.38
Ethyl acetate: Toluene: Methanol: Chloroform: Water (1:1:1:1:1) 0.59
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The results presented in Figure (5.A)
represents the mass chromatogram of
scraped spot extract exhibited different
peaks at a different retention time
(where the overall time for separation
were only 10 minutes) most of the
peaks appear to be interacting together,
however, the highest signal intensity
was appeared at retention time 5.46
minutes.

The results presented in Figure 5.B
summarized all compounds that having
UV absorbance potential at these peaks,
Scraped spot extract possessing two
sharp peaks appeared at 221.85nm and
264.85nmUV absorbance. Our results
were in agreement with that obtained by
(29 ) that the bioactive compound of
them isolated strain with ethyl acetate
extract  exhibited a maximum UV
absorption at 217-221 nm, exactly for
the first peak of spot scraped, in
addition (31 and 32), they reported that
the maximum UV absorbance for most
of peptide antibiotics exhibited at 210-
230 nm and 270-280 nm, further more
(22) also described that that maximum
absorption UV as a spectroscopic
characteristics for their bioactive
compound shown at 269 nm., in
addition, (33) obtained maximum
absorbance at 210 -260 nm.

The results presented in Figure (6)
summarize the effects of different
extracellular crude extract concentration
on PC3 (Human Prostate cancer cells),
the concentration (400ug/mL) was

showed the highest results that
(30.84%) of the PC3 cells was
inhibited, However, 69.18% of the cells
remained viable during the entire
incubation process, on the other hands,
the lowest results were recorded by 12.5
ug/mL that means only 3.69%of the
cancerous PC3 were inhibited during
the incubation process.

The results shown in (Figure 7)
represent the anticancer activity of
extracellular crude extract (KH14) on
the MCF7 (Breast cancer cells), the
highest cell inhibition (75.84%) was
recorded by 400ug/mL exactly of MCF-
7 Dbreast cancerous cells after 72hr
incubation which reveals that only
24.16% of MCF-7 were able to form
insoluble formazan products and the
remaining cells were viable. On the
other hands, the 12.5ug/mL
concentration was shown the lowest
results that only 13.71% was inhibited
of the breast cancer cells. Our results
were better than that of (34) since they
obtained 56% inhibition of MCF-7 cell
line by the activity of them isolated
strain of actinomycetes El-4 after 72
hours incubation via MTT assay, while
our extracts inhibited75.84% of MCF-7
cell line after 3days of incubation, also
our obtained results confirmed higher
inhibitory effects than (35). They
reported that the actinomycetes strain
HP411 only inhibited 39.8% of MCF-7
cell line.
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Figure 5. A: mass chromatogram of scraped spot, B UV absorbance of peak (5.25 min)

The results shown in Figure (8)
represents the anticancer activities of
extracellular crude extract (KH14) on
the A375 (Human malignant melanoma,
skin cancer), the highest result (cell
inhibition) was recorded by 400ug/mL
exactly 53.1% of A373 skin cancerous
cells were inhibited after 72hr
incubation which meaning only 46.9%
of A375 were able to form insoluble
formazan products and the remaining as
viable cells, as well as, the lowest

result was only 2%inhibition of the skin
cancerous cell which was produced by
12.5 ug/mL. Our results were in
agreement with that obtained by (16) in
case of the effect of extracellular crude
extract was in a concentration -
dependent manner (dose dependent and
they obtained the highest activity with
500 pg/ml  of ethyl acetate extract
against A549 lung adenocarcinoma
cancer cell line which inhibited 84.9%
of the lung cancer cells.
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Figure 6: Anticancer activities of extracellular crude extract (KH14) against PC3 cell lines

The antitumor activities of extracellular
crude extracts (KH14) among all cancer
cell lines were used, the MCF-7 (breast
cancer cells) was the most one that
highly responded to extracellular crude
extract (KH14) through inhibiting the
metabolically active cancer cells,
while, A375 and PC3 cancerous cell
lines become as second and third
responded respectively. Increasing the
extracellular crude extract concentration
from 12.5 to 400 pg/ml against PC3,
MCF-7 and A375 cell lines the
cytotoxicity value was increased as well

as the cell viability decreased. Our
results were in agreement with that
obtained by (36) from their study for
screening new bioactive compounds
against MCF-7 and A549 cell lines
from crude extract fraction in which the
effect was dose dependent. (37 and 38)
they described that the antitumor
antibiotics  (anticancer  antibiotics
/cytotoxic) are medications that prevent
and fighting the growth of tumors, and
the  antitumor  antibiotics  which
produced by Streptomyces species are
precious in the medical field.
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Figure 7: Anticancer activities of extracellular crude extract (KH14) against MCF-7 cell lines
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Figure 8: Anticancer activities of extracellular crude extract (KH14) against A375 cell lines

Conclusion
Our isolate, KH14, was exhibited
numerous bioactive metabolites
properties, which emphasized its
importance as a potential antimicrobials
activities against numerous human

microbial pathogens, and can be
compared with different synthetic
antimicrobial discs, as well as which
might offer a basis for additional
improvement of novel compounds,
furthermore, these are attractive
biological features especially for their
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powerful  antitumor

activity against various cancerous cell
lines and for the development of
potential anticancer drugs with precise
cellular objectives, this requiring more

research to

identify its importance

therapeutic properties to occur in the
instant prospect

References

1.

Ventura, M.; Canchaya, C.; Tauch, A;
Chandra, G.; Fitzgerald, G.F.; Chater, K.F.
and van Sinderen, D. (2007).Genomics of
Actinobacteria: Tracing the evolutionary
history of an ancient phylum. Microbiol.
Mol. Biol. Rev., 71:495-548.

McCarthy, AJ. and Williams, S.T. (1992).
Actinomycetes as agents of biodegradation
in the environment-a review. Gene, 115:
189-192.

Schrempf, H. (2001) Recognition and
degradation of chitin by streptomycetes.
Antonie van Leeuwenhoek, 79: 285-289.
Stach, J.E. and Bull, A.T. (2005). Estimating
and comparing the diversity of marine
actinobacteria. Antonie van Leeuwenhoek,
87: 3-9.

Janardhan, A.; Praveen, KA.; Reddi, PM.;
Sai GDVR, and Narasimha, G. (2012).
Wound healing property of bioactive
compound from  actinomycetes.  Der
Pharmacia Sinica 3 (5): 542-545.

Wu ZY, Fang W, Shi LQ, Wan ZY and
Min, Y. (2014). New cytotoxic alkylated
anthraquinone analogues from a soil
actinomycete Streptomyces sp. WS-13394.
Chem Pharm Bull (Tokyo), 62 (1): 118-121.
Pallavi, S.; Manasa, M.; Kambar, Y.; Asha,
M.; Chaithra, M.; Vivek, M. and
Mallikarjun, N. (2013). Anti-Staphylococcus
aureus and  Anti-yeast activity of
Streptomyces  species  isolated  from
rhizosphere soil of Sahyadri Science
College, Shivamogga, Karnataka. Asian
Journal of Biomedical and Pharmaceutical
Sciences, 3 (24): 7-11.

Kekuda, P.T.R; Rakesh, K.N. ; Syed J. and
Dileep, N (2013). Antibacterial and
antioxidant activities of  Streptomyces
species SRDP-HO03 isolated from soil of
Hosudi, Karantaka, India. Journal of Drug
Delivery & Therapeutics, 3(4): 47-53 47.
Andrews, J.M. (2001). Determination of
minimum inhibitory concentrations. The

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Journal of antimicrobial chemotherapy, 48
(1): 5-16.

Sokmen, A.; Gulluce, M.; Akpulat, H.A,;
Daferera, D.; Tepe, B.; Polissiou, M. and
Sahin, F. (2004). The in vitro antimicrobial
and antioxidant activities of the essential oils
and methanol extracts of endemic Thymus
spathulifolius. Food Control, 15 (8): 627-
634.

EUCAST. (2000). Terminology relating to
methods for the determination  of
susceptibility of bacteria to antimicrobial
agents. Clin. Microbiol. Infect., 6: 503-508.
Attimarad, S.L.; Ediga, G.N.; Karigar,
A.A.,; Karadi R.; Chandrashekhar, N. and
Shivanna, Ch. (2012). Screening, isolation
and purification of antibacterial agents from
marine actinomycetes. International Current
Pharmaceutical Journal, 1(12): 394-402.
Hozzein, W.N.; Rabie, W. and Ali, M.A.
(2011). Screening the Egyptian desert
actinomycetes as candidates for new
antimicrobial compounds and identification
of a new desert Streptomyces strain.  Affri.
Jou. Of Biote., 10 (12): 2295-2301.
Boudjelal, F.; Zitounil, A.; Mathieu, F.;
Lebrihi, A. and Sabaou, N. (2011).
Taxonomic study and partial
characterization of antimicrobial compounds
from a moderately halophilic strain of genus
actinoalloteihus.  Brazilian Journal of
Microbiology, 42: 835-845.

Mosmann, F.R. (1983) Colorimetric assay
for cellular growth and survival: Application

and cytotoxicity assay. J. Immunol.
Methods, 65 (55): 63.
SaravanaKumar,  P.;  Al-Dhabi, N,

Duraipandiyan, V.; Balachandran, C.;
Praveen Kumar, P. and Gnacimuthu, S.
(2014). In vitro antimicrobial, antioxidant
and cytotoxic properties of Streptomyces
lavendulae strain SCAb. BMC
Microbiology, 14:291.

Chawawisit, K.; Bhoopong, P.; Phupong, W.
and  Lertcanawanichakui, M. (2015).
Antimicrobial and cytotoxic activities of
bioactive =~ compounds  produced by
Streptomyces Sp. KB1. I. J. PH. PH. S,
7:11.

Pandey, B.; Ghimire, P. and Agrawal, VP.
(2004). Studies on the Antibacterial Activity
of the Actinomycetes Isolated from the
Khumbu Region of Nepal. J. Biol.
Sci.23:44-53.
Mukai, A.;

Ishikawa, J.;
Harada, K-I.

Fukai, T.; Matsumoto, Y.;
Hoshino, Y.; Yazawa, K.
andMikami, Y. (2006).



Iragi Journal of Biotechnology 64

Transvalencin Z, A New Antimicrobial
Compound with Salicylic acid Residue from
Nocardiatransvalensis IFM  10065. J.
Antibiot., 59(6):366-369.

20. Xie, Y., Chen, R., Si, S., Sun, CH. and Xu,
H. 2007. A New Nucleosidyl-peptide
Antibiotic, Sansanmycin. J. Antibiot., 60 (2):
158-161.

21.Gurung, T.D.; Sherpa, Ch.; Prasad, V.A.
and Lekhak, B. (2009). Isolation and
Characterization of Antibacterial
Actinomycetes from Soil Samples of
Kalapatthar, Mount Everest Region Nepal J.
of Sci. and Techn., 10: 173-182.

22. Ababutain, I.M.; Abdul Aziz, Z.K. and AL-
Meshhen, N.A. (2012). Lincomycin
antibiotic  biosynthesis ~ produced by
Streptomyces sp. Isolated from Saudi Arabia
soil  Il-extraction , separation and
ourification of lincomycin  Canadian
Journal of Pure and Applied Sciences.6 (2):
1905-1911.

23.Gebreyohannes, G.; Moges, F.; Sahile, S.
and Raja, N. (2013). Isolation and
characterization of potential antibiotic
producing actinomycetes from water and
sediments of Lake Tana, Ethiopia. Asian
Pac J Trop Biome., 3(6): 426-435.

24. Kumar, P.; Preetam, R.J.; Duraipandiyan, V.
and Ignacimuthu, S. (2012). Antibacterial
activity of some actinomycetes from Tamil
Nadu, India. Asian Pac J Trop Biomed
2(12): 936-943.

25.Nanjwade, B.K.; Chandrashekhara, S.;
Goudanavar, P. S.; Shamarez, A.M. and
Manvi, F. V. (2010). Production of
Antibiotics from Soil-1solated
Actinomycetes and Evaluation of their
Antimicrobial Activities. Tropical Journal
of Pharmaceutical Research, 9 (4): 373-377.

26. El-Naggar, M.Y.; El-Assar, S.A. and Abdul-
Gawad, S.M. (2006). Meroparamycin
Production by Newly Isolated Streptomyces
sp. Strain MARO1: Taxonomy,
Fermentation, Purification and Structural
Elucidation. J. Microbiol,44: 432-438.

27.Rana, S. and Salam, M.D. (2014)
Antimicrobial Potential of Actinomycetes
Isolated from Soil Samples of Punjab, India.
J Microbiol Exp, 1(2).

28.Maataoui, H.; Ilraqui, M.; Jihani, S.;
Ibnsouda, S. and Haggoud A. (2014).
Isolation, characterization and antimicrobial
activity of a Streptomyces strain isolated
from deteriorated wood. African Journal of
Microbiology Research. 8(11):1178-1186.

29.Pervez, M.R.; Mohammed, M.; Prashant,
V.T. and Ashutosh K.(2015).
Characterization of Bioactive compound
isolated from Myrothecium spp. with UV,
FTIR and HPLC Analysis, Indian J. Pharm.
Biol. Res., 3 (1): 1-5.

30. Kurusu, K.; Ohba, K. (1987) New peptide
antibiotics LI-FO3 and characterization. J
Antibiot. 40 (11): 1506-1514.

31.Motta, A. and Brandelli D. (2006)
Characterization of an antimicrobial peptide
produced by Brevibacterium linens. J
Applied Microbiol, 52 (6): 357-63.

32.Sudha, S. and  Masilamaniselvam, M.
(2013). Invitro cytotoxic activity of
bioactive metabolite and crude extract from
new actinomycetes. Streptomyces avidinii
strain SU4. Int J Pharm PharmSci.,
5(3):612-616.

33.Saadoun, I.; Hameed K.M. and Moussauui,
A. (1999) Characterization and Analysis of
Antibiotic Activity of Some Aquatic
Actinomycetes. Microbios, 99 (394): 173.

34. Abd-Elnaby, H.; Abo-Elala, G.; Abdel-
Raouf, U.; Abdelwahab, A. and Hamed, M.
(2015). Antibacterial and anticancer activity
of marine Streptomyces parvus: optimization
and  application  biotechnology  and
biotechnological equipment.

35. Huyen. T.; Pham, Nhue P.N.; Tien Q.; Phi,
P.T. and Hy G.L. (2014).The Antibacterial
and Anticancer Activity of Marine
Actinomycete Strain HP411 lIsolated in the
Northern Coast of Vietnam. International
Journal of Medical, Health, Biomedical,
Bioengineering and Pharmaceutical
Engineering., 8 (12).

36. Mohsen, M.S.A. Osama, H.; El-Sayed
Seham, M. S. and Shimaa R.H.(2015).
Isolation,  Structure  elucidation  and
Biological Activity of Di- (2-ethylhexyl)
phthalate  Produced by  Penicillium
janthinellum 62 .Int.J. ChemTech Res. 8(1):
58-66.

37.Mueller, U.G. and Nicole, G. (2002).
Fungus farming insects: multiple origins and
diverse evolutionary histories. Section of
Integrative Biology, 99: 15247-15249.

38. Azambuja, E.; Fleck, J.F.; Batista, R.G. and
Barreto, S.S.M. (2005). Bleomycin lung
toxicity: who are the patients with increased
risk?  Pulmonary  Pharmacology and
Therapeutics, 18(5): 363-366.



