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ABSTRACT

Background and Objectives: Annual incidence of infection with S. Typhi is estimated to be about 17 million cases
worldwide. A systematic search among actinomycete isolates from soil of Iran aimed at finding active actinomycetes against
the causative agent of typhoid fever, Salmonella Typhi was carried out during this study.

Materials and Methods: Our anti-Salmonella screening program resulted in nine highly active actinomycete isolates. All
nine antibiotic producing strains showed broad-spectrum antibacterial activity, as five strains showed antifungal activity as
well. Based on microscopic morphology and cell wall analysis, all nine active actinomycete strains were representatives of
the genus Streptomyces. Three of the producing strains including the isolates HG87, HG116 and HG443 with inhibition zone
of >20 mm, were selected for further identification and investigation of cytotoxic effects.

Results and Conclusion: None of the producing strains showed cytotoxicity on HEK and USSC cell lines, while strain HG116
showed excellent antitumor activity on T47D cancer cell lines. Isolates HG87, HG116 and HG443 can be distinguished from
the related species by some phenotypic and biochemical characteristics. Our results demonstrate the broad-range biological
activity exhibited by bioactive compounds of soil actinomycetes from Iran.
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INTRODUCTION Typhi was first isolated in 1980s which showed
resistance to chloramphenicol, ampicillin, and

Worldwide mortality due to infection with S. cotrimoxazole and currently its treatment is limited
Typhi is estimated at about 600,000 annually (1). to fluoroquinolone, mostly ciprofloxacin (2). When
Typhoid is common in less-industrialized countries, fluoroquinolone resistance is observed, extended-
principally owing to the problem of unsafe drinking- spectrum cephalosporins and macrolide antibiotics
water and inadequate sewage disposal. Multidrug- are administered as appropriate alternatives (3).

resistant  Salmonella enterica (MDR) serovar However, extended-spectrum [B-lactamase (ESBL)-
producing Salmonella spp. are reported in Iran and
neighboring countries (4-5).

Actinomycetes, especially Streptomycetes, have
proven their potential in discovering new antibiotics
(6). One of the effective ways in confronting
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the biodiversity hotspot of the world. On the other
hand, Iran’s natural resources are not highly explored
for bioactive microorganisms. Recently some new
species of actinomycetes having antimicrobial
activities (7-10, 11) and new antibiotic compounds
(12) have been reported from Iran. However, few
screening efforts were done to find actinomycetes
active against Gram negative pathogenic bacteria (13,
14). In this work, a screening program on isolation
and selection of actinomycetes active against S. Typhi
is carried out.

MATERIALS AND METHODS

Microorganisms. Salmonella enterica serovar
Typhi NCTC 5761, Bacillus subtilis ATCC 6633,
methicillin resistant Staphylococcus aureus UTMC
01401, Klebsiella pneumoniae UTMC 01405,
Escherichia coli NCTC 11954, Pseudomonas
aeruginosa ATCC 9027, Candida albicans UTMC
00076 and Aspergillus niger ATCC 16404 were used
as test strains in antimicrobial assays.

Sample collection and isolation of actinomycetes.
Thirty seven soil samples were collected from different
regions of Iran since 2008 to 2009. The habitats were
the rhizosphere of plants, river sediments and various
virgin soils including desert, mountain and forest
soils. The soil samples were collected from 10-15 cm
depth, air-dried for one week at room temperature,
grinded and eventually sieved. Enrichment of
actinomycetes was done by addition of 10% CaCO,
to 1 gram of air dried soil sample. UV pretreatment
at 257 nm for 5 minutes was also used to isolate
actinomycete strains and to minimize the growth of
undesired microorganisms (15). Serial dilutions up to
103 were prepared using sterile physiological serum.
An aliquot of 100 ul of each dilution was taken and
spread evenly over the surface of two selective culture
media including glucose asparagine agar and glycerol
arginine agar (16). The plates were incubated at 28°C
for 14 days. Actinomycete isolates were purified
on Yeast Extract-Malt Extract Glucose (ISP2) agar
medium and incubated at 28°C for two weeks.

Anti-S. Typhi activity screening from liquid
production media. Well-agar diffusion method was
employed for screening of anti-S. Typhi activity.
A loopful spore of each actinomycete isolate was
inoculated into a 100 ml flask containing 20 ml of ISP2
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broth. The flasks were incubated at 220 rpm, 28°C,
for 120 hours. The fermentation broths were then
centrifuged at 4000 rpm for 10 minutes. Antimicrobial
activity of the supernatant was examined using well
(8 mm in diameter) agar diffusion assay against
selected test strains on Muller-Hinton agar plates.
After incubation for 18 hrs at 37°C, the diameter
of inhibition zone of active broth was measured in
millimeters using a slide caliper with an accuracy
of 0.1 mm. The activity was assessed in triplicates
for positive isolates and the un-reproducible isolates
were removed from the study.

Initial extraction of bioactive principles from
anti-S. Typhi activity strains. For confirmation of
anti-S. Typhi activity, detection was done using disk-
agar diffusion method. The amount of 2% (v/v) of
ISP2 broth seeding medium was used to inoculate
the fermentation medium of 200 ml ISP2 in 1000
ml Erlenmeyer flasks. The cell-free supernatant was
extracted by equal volume of ethyl acetate and stirred
vigorously for 1 hour. This procedure was repeated
twice. The organic phase was separated and evaporated
to dryness under reduced pressure and temperature.
Sterile filter paper discs (6 mm in diameter) were
impregnated with extracts, dried and placed onto
Muller Hinton agar freshly seeded with S. Typhi. In
order to prevent losing highly polar agents, bioactivity
of 100 pl of aqueous phase was also examined by
disk-agar diffusion test. The biological activity assays
were performed using NCCLS (National Committee
for Clinical Laboratory Standards) protocols (17).

Effect of incubation period on antibiotic produc-
tion. Effect of fermentation period was assessed in
250 ml flasks containing 50 ml ISP2 broth. Samples
were taken at 24 hrs interval and the biological activity
of the cell-free supernatant against S. Typhi and other
test microorganisms was determined by well-agar
diffusion method (wells of 6 mm in diameter).

MTT colorimetric cytotoxicity assay. The cyto-
toxic effect of the anti-S. Typhi activity crude
extracts were evaluated against three human cell lines
including normal kidney cells (HEK 260), unrestricted
somatic stem cells (USSC) and breast cancer cells
(T47D). To prepare, 600 ml of the supernatant was
extracted with ethyl acetate and the weight of dry
residue was determined. Afterwards, it was dissolved
in 10 pl of DMSO solvent and 0.5 pl of the solution
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Fig. 1. Anti-S. typhi activity of some actinomycetes isolates; the numbers of potent strains are presented on the images.

was added to 2500 pl of cells culture medium. The
used ratio of the solvent to medium (2 micromolar)
has been determined to be non-toxic on cell lines.
First the cells were trypsinized to dissociate from
flasks and inoculated into complete culture medium
of Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 10% of fetal calf serum at a
density of 10° cells per well. The cells were incubated
at 37°C in a humidified atmosphere with 5% CO, for
24 hrs. Then the medium was removed and replaced
with the medium containing crude extract. Thiazole
tetrazolium (MTT) colorimetric assay was carried
out to assess the cell proliferation or inhibition (18).
Medium and the DMSO solvent were used as control.
The absorbance was measured at 580 nm using ELISA
plate reader. Cell cytotoxic activity was expressed as
the mean concentration of the extract in pl required
to inhibit 50% of the cell population (IC, value). The
cell inhibitory rate was calculated according to the
following formula:

Cell inhibitory rate=1 — (oD oD_,.,) x 100

/
sample

Statistical and data analysis. All of the assays were
calculated as an average of at least three independent
experiments. One-way analysis of variance (ANOVA)
was used at p value <0.05. The rate of microbial cell
growth (r_= d. /dy), the rate of antibiotic production
(rp = d» /d;), maximum specific growth rate (m, = 7 /X),
maximum specific production rate (qp e = 10 1X)
and yield of product to biomass (IC) .= A /Ax) were
calculated, where ¢ is time, x is biomass concentration
and p is product concentration. The diameter of the
inhibition zone (mm) which is indirectly indicative
of antibiotic production was considered as p. The
estimated time was calculated between 7, and ¢__ .

Phenotypic  characterizations. ~ Morphological
features of all of the producing strains and the
diaminopimelic acid (DAP) type, were determined.
Selected strains were characterized morphologically
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and physiologically using the instructions of the
International Streptomyces Project (ISP) (19) and
Bergey’s Manual of Systematic Bacteriology (20).

Molecular identification. Genomic DNA was
extracted as described previously (21). Amplification
of the 16S rRNA gene of the selected strains was
performed using two universal primers 27F: 5'-
AGAGTTTGATCCTGGCTCAG-3' (22) and
1541R: 5-AAGGAGGTGATCCAGCC-3’ (23). The
sequenced 16S rRNA genes were blasted via EzTaxon
and GenBank database to estimate the degree of
similarity. The phylogenetic tree was constructed
with the neighbor-joining (NJ) method of MEGA 5.0
software for analysis of evolutionary relationships
(24).

Culture preservation. The selected strains were
deposited in the University of Tehran Microorganisms
Collection (UTMC) and maintained using deep
freezing (at -70°C) method.

RESULTS

Anti-S. Typhi activity and range of antimicrobial
effectiveness. From 37 soil samples collected from
different regions of Iran, 522 colonies were isolated
and screened for their bioactivity against S. Typhi.
Nine of the isolated strains had potent antibiotic
activity against S. Typhi (Fig. 1). The activity of
these isolates was also assayed against other Gram
negative and Gram positive representatives. All of
the nine active strains exhibited broad spectrum
antibacterial activities. Activity against S. Typhi and
other Gram negative test strains was less than that
of against Gram positive test strains (Table 1). The
morphological characteristics and the type of the
diaminopimelic acid (L-DAP) of all of the bioactive
strains were consistent with their classification in the
genus Streptomyces (20).

The bioactivity of the crude extracts was evaluated

http:/ijm.tums.ac.ir
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Table 1. The antimicrobial activity of the active actinomycete strains against test microorganisms expressed as inhibition

zone diameter (data accuracy is 0.1 mm).

Test microorganisms

Strains
S. Typhi B. subtilis MRSA E. coli P. aeruginosa C. albicans A. niger

HG42 19 23 20 16 12 13 13
HG87 21 24 23 18 18 0 0
HGl116 16 40 38 12 14 0 0
HG134 17 16 20 14 15 12 12
HG180 14 17 15 12 12 20 VY
HG335 16 33 30 0 0 0 0
HG442 21 21 18 13 0 26 23
HG443 21 20 16 13 0 25 22
HG512 16 25 20 12 0 0 0

by disk-agar diffusion assay. The crude extracts of
all of the nine bioactive strains mentioned in Table 1,
showed activity against S. Typhi. The isolates HG87,
HGI116 and HG443 which showed inhibition zone
of >20 mm against S. Typhi in disk or well diffusion
methods, were selected for further analysis.

Time course of antibiotic production of the selected
strains against S. Typhi was studied. The maximum
antibiotic production obtained by the selected strains
HG87, HG116 and HG443 were after 192 hrs, 120 hrs
and 48 hrs, respectively. The fluctuations in concentration
of antibiotic and biomass and pH value are exhibited
by Fig. 2. These parameters are the important para-
meters to monitor the antibiotic production.

To find a relation between pH value, concentration of
biomass and antibiotic production (in order to use them
as rapid indicator of the process), the regression line
equations betweenthemwere calculated. The coefficient
(R?) between pH and antibiotic for HG87, HG116 and
HG 742 were 0.71, 0.66 and 0.44, respectively. The
coefficient (R?) between pH and biomass for HG87,
HG116 and HG 742 were 0.007, 0.44 and 0.55,
respectively. As seen, there is no significant correlation
(p < 0.05) between the pH and biomass and antibiotic
concentration. The related parameters to the rate and
yield of product formation and biomass concentration
are calculated and presented in Table 2.

Table 2. Data analysis of growth and production parameters
of antibiotic producing actinomycete isolates.

Study of cytotoxic activity. The produced
antibiotics were studied for their cytotoxic activities.
In the issue of cancer, breast cancer has been estimated
to be the second most common death cause among
women. In proportion, kidney cancer encompasses
lower prevalence and mortality rate, with more
incidence cases among men and children (25). Tumor
cell lines associated with the two mentioned cancers
were subjected for evaluation of the cytotoxicity
of the anti-S. Typhi active agents produced by the
selected strains. Table 3 represents inhibitory rate
of the cultured cells due to the crude extracts of the
selected strains. The selected strain HG116, exhibited
cytotoxic activity towards T47D cell lines at crude
extract concentration of 1 pg/ml.

Comparison of an almost complete 16S rRNA
sequence of the selected strains with that of
Streptomyces species deposited in GenBank and
EzTaxon database was done. The 16S rRNA sequence
analysis of HG87 revealed 99.92% similarity
to S. xinghaiensis. The other similar species to
HG87 were S. feralitis and S. tateyamensis sharing
97.91% identity to the strain. HG116 shared 100%
resemblance to S. griseoincarnatus, S. labedae, S.
variabilis and S. erythrogriseus and HG443 was found
to be most similar to S. foxytricini and S. globosus
with a sequence identity of 100%. The selected

Table 3. Cell inhibitory rate of the extracted bioactive
metabolites against normal and tumor cell lines.

Parameters
Strains
P xmax Hrinax ¥ prmax Dpmax pix
HGS87 1.87 0.019 2.6 0.026 1.4
HGl116 29 0.262 32 0.029 0.11
HG443 22 0.212 10 0.097 2.09

. Cell lines
Strains
HEK UssC T47D
HGS87 4.96% 4.83% 4.53%
HG116 20% 13.23% 87/97%
HG443 0.621% 12.72% 12.34%
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Taxonomical characterization of selected isolates
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Fig. 2. Growth and antibiotic production relationship of the
selected strains A, HG87 B, HG116 and C, HG443 against
S. Typhi.

strains HG87, HG116 and HG443 were deposited as
Streptomyces sp. UTMC 01390 (GenBank accession
JX291534), sp. UTMC

number Streptomyces
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01392 (GenBank accession number JX291533) and
Streptomyces sp. UTMC 01397 (GenBank accession
number JX291535), respectively and are accessible
in University of Tehran Microorganisms Collection.
The phylogenetic trees of the selected strains depict
the evolutionary relationships between different
Streptomyces species and the selected strains of this
screening program (Fig. 3).

Streptomyces is the largest bacterial genus (26).
16S rDNA-based similarity levels of more than 99%
and even 100%, has been described between different
Streptomyces species (27-28). Despite the high degree
of 16S rRNA identity, the selected strains showed
some distinctions with respect to their morphological,
physiological and biochemical properties to their
similar strains which increase the probability of
being novel species. The comparison of the cultural,
morphological and physiological features of the
selected bioactive strains and the close Streptomyces
species are summarized in Tables 4, 5 and 6.

The strain Streptomyces sp. UTMC 01390,
produced white aerial spore mass and yellow substrate
mycelium with no distinct diffusible pigments as for
S. xinghaiensis. Colony margins were ruffled in S.
xinghaiensis, while the macroscopical characteristic
for Streptomyces sp. UTMC 01390 was smooth. This
strain produced melanoid pigments on ISP6 medium
whereas S. xinghaiensis did not. The aerial mycelium
of the isolate Streptomyces sp. UTMC 01390 formed
short spiral hyphae (Fig. 4A) whereas S. xinghaiensis
formed long straight or flexuous hyphae. S. xinhaiensis
failed to use arabinose sugar as its sole carbon source
whereas Streptomyces sp. UTMC 01390 strongly
utilized it. The other next obvious difference was the
range of the temperature for growth. S. xinghaiensis
had the ability to grow at 10°C but Streptomyces sp.
UTMC 01390 could hardly grow at 20°C (29).

The next selected strain, Streptomyces sp. UTMC
01392 developed spiral gray aerial mycelium (Fig.
4B). However, the available phenotypic characteristics
of the similar species show clear distinctions with
Streptomyces sp. UTMC 01392. From available
data, it was evident that S. erythrogriseus differed in
urease activity with Streptomyces sp. UTMC 01392.
The representative strains of the related species of
S. labedae and S. variabilis were positive for H,S
production, but Streptomyces sp. UTMC 01392 gave
negative result for the reaction. Moreover, positive
response to production of diffusible pigments
was not observed in ISP2 culture of S. variabilis.

http://ijjm.tums.ac.ir
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Table 4. Comparison of the cultural and morphological characteristics of strains Streptomyces sp. UTMC 01390 (HG87),
Streptomyces sp. UTMC 01392 (HG116) and Streptomyces sp. UTMC 01397 (HG443) with their closest related species.

Characteristic HG87 S xinghaiensis HG116 S. labedae S. variabilis S. erythrogriseus S. griseoincarnatus HG443  S. toxytricini  S. globosus
Color on ISP2 agar White White Gray Gray Gray Gray Gray White Red Gray
Spore chain morphology S? RF¢ S RF S or RA® S S or RA RF RF RF
Spore Surface Smooth Smooth Spiny Smooth Spiny Spiny Spiny Smooth Smooth Smooth
Soluble pigments b - 4 - - +or — + + - +
Melanoid pigments + - - - - - - + + +

@ Spiral, ®*Negative, ¢ Recti-flexibilis, ¢ Positive, ¢ Retina-culaperti

Table 5. Comparison of the physiological properties of strains Streptomyces sp. UTMC 01390 (HG87), Streptomyces sp.
UTMC 01392 (HG116) and Streptomyces sp. UTMC 01397 (HG443) with their closest related species.

Characteristic HG87  S. xinghaiensis  HG116  S. labedae  S. variabilis ~ S. erythrogriseus  S. griseoincarnatus ~ HG443  S. toxytricini ~ S. globosus
Hydrolysis of starch + — + NA NA NA + + ++ NA
Degradation of tween 80 + NA® + + d NA NA + d NA
Caseinase + + + NA NA NA + + + NA
Chitinase + NA — NA NA NA NA + NA NA
Urease + NA + + NA - + + NA -
Lecithinase activity - NA - de - NA NA + + NA
Liquefaction of gelatin + + + + NA + A+ + we w
Nitrate reduction + NA - d d NA + - d -
H,S production ND* NA - + + - - + d -
Tyrosinase reaction - NA + NA NA NA \ + NA NA
Blood hemolysis - NA + NA NA NA NA + NA NA
Growth temperature C*25-40 C°10-45 C°15-50 NA NA NA C°Growth at 45 C°20-40 NA NA
pH range 7-12 7-9 6-12 NA NA NA NA 7-10 NA NA
NaCl tolerance 0-7.5% 0-9% 0-9% 0-7% 0-7% 0-5% 10%-~7 0- 0-4% NA 0-5%

*Not detected, ® Not available, ¢ 11-99% of strains are positive, ¢ Strong activity, ¢ Weak activity

Table 6. Carbon source utilization patterns.

Carbon source  HG87  S. xinghaiensis HG116  S.labedae  S.variabilis  S. erythrogriseus 8. griseoincarnatus ~ HG443  S. toxytricini  S. globosus

Glucose - + + + + + + + + +
Inositol - - ++ d + + + - d w/+
Cellulose it NA + + NA - - - NA -
Mannitol + + ++ d + + + - - -
Raffinose - - - d d - - - - w/+
Galactose - + ++ + NA NA + - + +
Rhamnose - + ++ d + + d - d -
Inuline - NA + NA NA NA NA ++ NA NA
Arabinose ++ - ++ + + + + - + +
Lactose + NA ++ NA NA NA NA - NA NA
Ribose - + + NA NA NA NA - NA NA
Sorbitol - - - NA NA NA NA - NA NA
Sucrose ++ + - d d - d + d +
Glycerol - NA + NA NA NA NA + NA NA
Fructose ++ + ++ + + + + + - w/—

2 Doubtful utilization
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S. libani
S. tubercidicus
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0.01
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Fig. 3. Phylogenetic trees of the 16S rRNA sequences of the selected strains A, Streptomyces sp. UTMC 01390, B,
Streptomyces sp. UTMC 01392 and C, Streptomyces sp. UTMC 01397 (Bootstrap values under 50 are not shown).

Finally, considering the last most similar species,
S. griseoincarnatus, the ability to reduce nitrate
possessed, whereas Streptomyces sp. UTMC 01392 was
negative for this important biochemical test (30-31).

Having white aerial spore-mass, the other next
selected strain Streptomyces sp. UTMC 01397,
was mainly distinguishable from its related species
(Fig. 4C). Negative lipolytic activity and absence
of diffusible pigments in S. toxytricini, further
differentiated it from Streptomyces sp. UTMC 01397.
The latter characteristic is regarded as one of the key
diagnostic characters in Streptomyces classification
(32). Arabinose consumption and absence of H,S
production by S. globosus were among distinctive
phenotypic properties which discriminated these
similar strains (20, 33- 35).

DISCUSSION

In the present study, 1.7% of the isolates produced
active compounds against S. Typhi. The isolates
Streptomyces sp. UTMC 01390, Streptomyces sp.
UTMC 01392 and Streptomyces sp. UTMC 01397
were found to have greater potency in inhibition of
our pathogenic test strain; S. Typhi.

Assessingusingwelldiffusionmethod, Streptomyces

362 IRAN. J. MICROBIOL. Vol. 5, No. 4 (December 2013), 356-365

sp. UTMC 01390 was the most active strain against
S. Typhi (the inhibition zone of 21 mm after 192 hrs)
and showed the highest activity towards P. aeruginosa
and K. pneumonia amongst the three potent strains.
After extraction with the organic solvent, the aqueous
phase of the strain Streptomyces sp. UTMC 01390
was able to suppress the growth of S. Typhi with the
diameter of the inhibition zone of 15 mm. The crude
extract of Streptomyces sp. UTMC 01392 showed
the most inhibition activity against S. Typhi by disk
method (21 mm). That can be ascribable to solubility
of produced bioactive metabolite in ethyl acetate.

Higher specific growth rate was seen as the strain
Streptomyces sp. UTMC 01392 subjected to antibiotic
production assessment. The parameter was estimated
to be the least for the strain Streptomyces sp. UTMC
01390. The less the specific growth rate, the easier
would be the process of product recovery in large scale
production programs at future. However, more yield
of product to biomass and specific rate of antibiotic
production were observed for Streptomyces sp. UTMC
01397 (Y, =2.09,q . =0.097). The strain showed
specific potential in antibiotic production reaching to
its maximum level after 48 hrs (» I 10).

Usually, higher growth rate and productivity are the
major characteristics in selection of industrial strains

http://ijjm.tums.ac.ir
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Fig. 4. Scanning electron micrographs of A, Streptomyces sp.
UTMC 01390 strain grown on ISP4 agar, B, Streptomyces
sp. UTMC 01392 and C, Streptomyces sp. UTMC 01397 on
ISP2 agar medium after incubation at 28°C for 14 days.

http:/ijm.tums.ac.ir

(36), therefore Streptomyces sp. UTMC 01397 can
be considered as a promising candidate for further
research.

The level of antibiotic production after 24 hrs was
about 30% higher than the level reached after 72 hrs.
The high production rate is an industrially valuable
factor that might make the production economically
efficient in the next stages.

Inhibition activity against S. Typhi is reported in
some recent researches in bioassays accomplished in
solid media (37-40). But these screenings were done
alongside with other Gram positive and Gram negative
pathogenic bacteria and were not solely directed
towards S. Typhi. This target directed approach
increase the chance of finding more potent strains
and maybe helpful in dereplication of already known
broad range antibiotics that are frequently dispersed
among actinomyctes. To our best knowledge, this is
the first literature in which S. Typhi has solely been the
focus of a screening program of antibiotic producing
actinomycetes.

Taxonomic identification proposed all of 3
selected anti-S. Typhi active strains as new isolates
of Streptomyces genus. Phenotypic differences were
more prominent for the strain Streptomyces sp. UTMC
01390. Streptomyces sp. UTMC 01392, as compared
to its closest producing strains (41-42), could inhibit
the growth of Gram negative pathogenic bacteria.
Streptomyces sp. UTMC 01397 had broader spectrum
of activity and stronger effect on pathogenic fungi
than the producing strains of the assigned species; S.
toxytricini and S. globosus (35). The differences in
antimicrobial spectra can be indicative of involvement
of different compounds.

The produced metabolite by the selected strains
exhibit no cytotoxic activity on human normal cell
lines and had inhibition rate of <50% (42). The
strain Streptomyces sp. UTMC 01392, exposed high
cytotoxic activity towards T47D cell lines (Inhibition
rate of 87% against T47D cell lines). Consistent
with the American National Cancer Institute (NCI)
rules, the criteria for cytotoxic activity of crude
extracts is an IC, value of <30 pg/ml, hence based
on the evidences the effective concentration was in
accordance with the standard range.

Considering the mentioned results, all of the
produced bioactive metabolites by the selected
strains could be considered as candidates in antibiotic
discovery for typhoid. The results lend support to
the notion that in screening programs, the potential

IRAN. J. MICROBIOL. Vol. 5, No. 4 (December 2013), 356365 363
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of Streptomycetes as a source of antibiotic could

be

still worthwhile (6). The findings suggest that

screening unexplored habitats could lead to isolation
of safer and broader spectrum antibiotic producing
actinomycetes with high yield of production not only
against existing and newly emerging drug resistant
pathogens, but for application in treatment of various
life-threatening diseases. More studies are needed to
define the chemical characterization of compound(s)
and genetic of the microorganisms.
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