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Abstract
The present study was aimed for molecular identification of aminoglycoside phosphotransferase (aph)
gene from Streptomyces spp. Six soil samples were collected randomly from different location of
Baghdad city. Nine Streptomyces isolates were selected and purified on Glycerol yeast extract agar
(GYEA). The isolates were identified as Streptomyces spp. based on their morphological, physiological
and biochemical characteristics as described in the International Streptomyces Project. All Streptomyces
isolates were screened for their antibacterial activity on malt extract yeast extract agar medium (ISP2)
using scross-streak technique. A broad spectrum of antibacterial activity was observed in 44.4% (4 out of
9) (A3, A4, A15 and A17) against all tested pathogens. Four isolates were positive in the PCR technique.
Performing PCR reactions using primer pair on DNA from soil isolates produced a single 273 bp band in
all tested isolates. The results of aph gene detection clarify that one isolate (25%) of Streptomyces
isolates gave a positive result and carrying aph gene while 3 (75%) of Streptomyces isolates were lack
the gene and no cross reactivity could be observed with any of the A3, A4 and A15 isolates. A17 isolate
gave DNA bands 1190 bp in length. The results indicated that the A17 isolate is very close to the species
Streptomyces fradiae responsible for producing antibiotic neomycin.
Keywords: aph gene, antimicrobial activity, Streptomyces.
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1. Introduction
Actinomycetes, the ubiquitous and abundant soil organisms that give the characteristic earthy
smell to soil, are Gram positive bacteria rich in G+C content, its life in the soil as non-motile
bacteria (Kieser et al., 2000) [23]. Streptomyces are Gram-positive, production of pigments,
antibiotics and other secondary metabolites is initiated (Kutzner 1986, Williams et al. 1989)
[27, 7-15-16-50]
. Streptomyces are known to be producers of many secondary metabolites, which
have different biological activities, such as antibacterial, antifungal, antiparasitic, antitumour,
and immunosuppressive actions (Sanchez and Damon, 2002, Risan et al., 2017) [43, 36, 40]. The
Streptomyces are responsible for producing 70% of the world's antibiotics. Much is known
about the secondary metabolism of Streptomyces due to the variety of useful compounds that
can be produced; however, much less is known about other aspects of their biology (Hirsch
and McCann-McCormick, 1985) [19]. Secondary metabolites are known to possess
antibacterial, antifungal, antioxidant, anti-cancer and anti-inflammatory activities (Ravikumar
et al., 2011; Amin et al., 2016; Risan et al., 2016) [37, 2-39, 2-39]. Streptomyces species was
considered as major producers of bioactive compounds in the biotechnology industry. They are
the source of most clinically used antibiotics, as well as of several widely used drugs against
common diseases (Bizuye et al., 2013) [5]. The biochemistry of replication is similar in all
bacteria, but linearity of the Streptomyces chromosome brings with it the need for a special
replication strategy. Aminoglycosides are mainly produced by actinomycetes including
Streptomyces, aminoglycosides are a large class of clinically important antibiotics and all are
secondary metabolites from various Streptomyces sp. S. fradiae is carrying the regulatory gene
for aminoglycoside phosphotransferase (aph). (Thompson and Gray, 1983) [45], Feeding
experiment of S. fradiae (Nem producer) culture with [6-14C] -glucose or [1-14C] - glucose
followed by the isolation and periods degradation of Nem revealed the corresponding labelling
pattern in neosamine subunit is without any localisation of C-C bonds (Rinehart et al., 1974)
[38]
. up - aminoglycoside phosphotransferase gene, which responsible for neomycin production
from S. fradiae (Janssen et al., 2017) [21]. The present study was aimed for molecular
identification of aminoglycoside phosphotransferase (aph) gene from Streptomyces spp.
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Materials and Methods
Collection of Soil Samples
Six soil samples were collected randomly from different
location of Baghdad city on January 2017. The samples were
taken at a depth of 5-10 cm (where most of the microbial
activity takes place) from the surface in shaded areas. Soil
samples (50 g each soil sample) were collected by using
clean, dry and sterile polythene bags. Samples were stored in
boxes and transported to the laboratory where they were kept
in a refrigerator at 4°C until microbial assays were performed
on them (El-Shatoury et al., 2006; Qasim and Risan, 2017) [12,
36, 40]
.
Preparation of samples for Isolation of Streptomyces spp
Each soil sample was air dried at room temperature and
sieved through a 2 mm pore size sieve to get rid of large
debris. The sieved soil was used for the isolation purpose.
Sieved soil samples of 1 g were suspended in 100 ml sterile
distilled water and incubated at 28°C with shaking at 180 rpm
for 1 h (Oskay et al., 2004) [34]. Mixtures were allowed to
settle and then serial dilutions of the soil suspensions were
prepared up to 10-4 from each dilution. One ml of each
dilution was spread plated on Glycerol yeast extract agar
(GYEA) (2g Yeast extract, 10ml Glycerol, 20 agar and 1 L
water) supplemented with tetracycline 50 µg/ml and 50 μg/ml
cycloheximide, then incubated at 28°C for 7 days still
Streptomyces colonies appear. (El-Nakeeb and Lechevalier,
1963; Kuster and Williams, 1964) [11, 26]. Purified
Streptomyces isolates were sub-cultured on specific media and
stored at 4 °C.
Isolation, purification and identification of Streptomyces
spp
After incubation, plates were examined for the appearance of
Streptomyces colonies. Colonies of Streptomyces were
recognized by their microscopic characteristics (optical
microscopy, aerial, substrate mycelium colour and Gram’s
stain). The stock cultures were maintained and transferred on
International Streptomyces project Medium slants (ISP-2 ) (4g
Yeast extract, 10g Malt extract, 4g Dextrose, 20 agar and 1 L
water) to obtain pure colonies used for identification (Nonoh
et al., 2010) [33]. Once in four months and stored at 4°C and at
-20°C in glycerol stock (20%, v/v) for a longer period.
Screening of Antibiotic Producing Streptomyces spp.
Primary screening for antimicrobial activities was, according
to (Kumar et al., 2012) [25]. by using cross-streak technique, in
which the Streptomyces isolates were used against four
pathogenic bacteria. The Streptomyces were streaked as
across lines in the center of plates poured with malt extract
yeast extract agar medium (ISP2) and inoculated plates were
incubated at 28°C for 7 days to secrete antibiotics into the
medium. Each streaking was started near the edge of the
plates and streaked toward the Streptomyces growth line. The
positive results were observed by the naked eye.
Antimicrobial activity of Streptomyces isolates were
determined to carry out after the positive results were
obtained from the primary screening by Agar- Well Diffusion
method (Murray et al., 1995) [32], to test the antibiotic activity
of the isolates. Two of them were gram-positive and two were
gram-negative bacteria. Gram positive species were Bacillus
cereus and Streptococcus spp. Gram-negative strains were
Pseudomonas aeruginosa and Escherichia coli. The bacteria
were maintained in nutrient agar at 4°C and sub-cultured
before use. The selected isolates were streaked as parallel line

on nutrient agar plates and incubated at 28°C for 5 days. After
observing a good ribbon- like growth of the Streptomyces sp
on the Petri plates, the pathogen was streaked at right angles
to the original streak of Streptomyces and incubated at 28°C.
The inhibition zones in mili meter (mm) were measured after
24 and 48 hours using an antibiotic zone reader. Further,
Streptomyces isolates were selected for morphological and
molecular identification.
Cultural Characterization
The isolates characterized of by morphological studies
according to Bergey’s Manual of Determinative Bacteriology.
The micromorphology of Streptomyces isolates were carried
out for Gram’s straining type, shape by under a light
microscope (Vimal et al., 2009) [47], where many colonies
with different morphological and cultural characteristics,
growth, coloration of aerial and substrate mycelia
(Goodfellow, 1989 a, b) [15-16-50]. Morphological features of
colonies such as colony pigmentation were used for
preliminary classification of the bacterial population.
Biochemical and physiological Characteristics
Biochemical characterization, various biochemical tests were
performed for the identification of the potent isolate
Streptomyces spp. These tests, including Hydrogen sulphide
production, Catalase production, Nitrate reduction,
Gelatinase, Citrate utilization, Tyrosine degradation, Pectin
degradation, Protease production, Urease production,
Catalase, Oxidase production, Casein hydrolysis, Indole
production, Melanine reaction, Starch, Amylase production,
Cellulase and Lipase. Physiological characterization such as,
the effect of pH (5-9), temperature (25˚-45˚C) and salinity
(NaCl concentrations 2-8%) were also studied. (Lechevalier
and Lechevalier 1967; Cowan, 1974; Gordon et al., 1974;
Elwan et al., 1977) [28, 6, 17].
Molecular identification of Streptomyces spp by
amplification of 16S rDNA gene
Extraction of genomic DNA of Streptomyces spp.
(According to: FavorPrep Tissue Genomic DNA
Extraction Mini Kit)
HINT: Set dry or water baths: one to 37 °C, another to 60 °C
and the other to 95 °C.
1. Transfer 1 ml well-grown bacterial culture to a
microcentrifuge tube (not provided).
2. Descend the cells by centrifuging at full speed for 2 min
and discard supernatant completely.
3. Resuspend the cell pellet in 200 μl lysozyme reaction
solution (20 mg/ml lysozyme; 20 mM Tris-HCI, pH 8.0.
4. (Optional) If RNA-free genomic DNA is required, add 4
μl of 100 mg/ml RNase A (not provided). Mix thoroughly
by vortexing and incubate at room temperature for 2 min.
5. Add 20 μl Proteinase K to the sample, and then add 200
μl FATG2 Buffer to the sample. Mix thoroughly by
pulse-vortexing. Incubate at 60 °C for 30 min and vortex
occasionally during incubation.
6. Do a future incubation at 95 °C. for 15 min.
7. Add 200 μl ethanol (96-100%) to the sample mixture.
Mix thoroughly by pulse-vortexing.
8. Briefly spin the tube to remove drops from the inside of
the lid.
9. Place a FATG Mini Column in a Collection Tube.
Transfer the mixture (including any precipitate) carefully
to the FATG Mini Column. Centrifuge at full speed
(~18,000 x g) for 1 min then place the FATG Mini
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10.

11.

12.
13.
14.

Column to a new Collection Tube.
Add 400 μl W1 Buffer to the FATG Mini Column.
Centrifuge at full speed for 1 min then discard flowthrough.
-Make sure that ethanol has been added into W1 Buffer
when first open.
Add 750 μl Wash Buffer to the FATG Mini Column.
Centrifuge at full speed for 1 min then discard flowthrough.
-Make sure that ethanol has been added into Wash Buffer
when first open.
Centrifuge at full speed for an additional 3 min to dry the
column.
Add 100 μl of preheated Elution Buffer or ddH2O (pH
7.5-9.0) to the membrane of the FATG Mini Column.
Stand the FATG Mini Column for 3 min.
Centrifuge at full speed for 2 min to elute DNA.

1997) [10, 29, 49] used 16S rDNA sequencing to determine those
regions suitable. Amplified by PCR from Streptomyces
isolates (A3, A4, A15 and A17). Tow 16S rDNA genes
primes using, APH-F (5´-TGAGCCTTGTAAGCGTCCAC3´) and APH-R (5´-TTCATGCCGTGCTTCTCCAG -3´). The
expected product size for these primers is 1000-1190 bp using
(aph) gene as the template. The PCR amplification was
performed using for 30 cycles of (94 °C at 1 min)
denaturation step and annealing (53 °C at 1 min), and final
extension (72 °C at 10 min). The PCR products were run on a
1% agarose gel and the product bands were cut out and
extracted using the Extraction Kit as per manufacturer's
instructions and compared with 1-kb ladder DNA ladder.
Table 2. Primer sequences for identification aph gene

Gene

Primer

Nucleotides Sequence (5' – 3')

Table 1: Primers tested in this study
Primer
AM48
AM51
AM52

Nucleotide sequencet (5' – 3')
CCCT(TG)CACTCTGGGACAAGC
CCT
ACATTCCACGT(CT)GTC(GC)GT
GCC
GGCAC(GC)GC(GA)ACGTGGAAT
GT

Aph

Corresponding
region
nt 130
nt 800
nt 800 (comp.)

PCR amplifications
PCR amplifications were as follow
Volumes for PCR mixture
 DNA from step 5 µl
 Primer (1) 1 µl F, 1 µl R
 Primer (2), 1 µl F, 1 µl R
 A Volume of D.D.W. of 11 µl was added for a final
volumes of 20 µl reaction mixture
Amplifications conditions
The PCR was performed in a thermo cycler under the
following conditions according (Volossiouk et al., 1995) PCR
program was conducted with an initial 5 min denaturation
step at 95°C for 1 cycle, followed by repeating cycles of
denaturation (94°C for 30 Sec.), annealing (30 Sec. at 55°C),
and extension (30 Sec. at 72°C) for 35 cycle, followed by 5
min of final extension step at 72°C, 5 μl of the PCR product is
used for analysis by gel electrophoresis and was Product size
275 bp.
Electrophoretic analysis
The PCR amplicons were analysed by electrophoresis in 1.5%
(w/v) agarose gel stained with 4 µg of ethidium bromide/ml.
After electrophoresis, the PCR products were visualized with
UV transilluminator and documented with a Gel Doc 2000 gel
system (Bio-Rad, USA). In addition, gels were photographed
using a Polaroid camera. Molecular weight analysis of the
resulted patterns was performed with the Quantity one
software version 4.2.1 (Bio-Rad), as compared to the 250bp
DNA ladder.
Molecular identification of aph gene for Streptomyces
isolates -Amplification of (aph) gene
To amplification of aminoglycoside phosphotransferase (aph)
gene using primers in PCR for detection genes were obtained
from Bioneer, Korea. Method according to (Edwards et al.,
1989; Mehling et al., 1995 and Von Wintzingerode et al.,

APH -F
APH-R

Forward
Reverse

GGCTAAAATGA
GAATATCACCGG
CTTTAAAAAATC
ATACAGCTCGCG

PCR
product
size
Primer
1000-1190
bp

Results and Discussion
Collection and isolation of Streptomyces sp from Soil
Samples. In this study 6 samples were collected from soil of
different location of Baghdad city. Nine isolates of
Streptomyces were recovered from soil samples. These
isolates have been cultured and purified on Glycerol yeast
extract agar (GYEA). Twenty to Thirty-five colonies were
found per plate. Maximum number of colonies (3.5 × 105
CFU/gm of soil) were obtained in the soil collected from
Baghdad / Utafiyah.
Colonies selected from each plate were five to ten based on
colony appearance. Colonies having characteristic features
such as powdery appearance with convex, concave or flat
surface and color ranging from white, gray to pinkish and
yellowish were selected.
Out of the 23 Actinomycetes isolates, only 9 isolates
demonstrated cultural characteristics similar to that of genus
Streptomyces. Nine isolates were selected and purified by
pure culture techniques. All isolates were given a number as
A1, A 2, A3, A4, A5, A15, A16, A17 and A18 (Table 3).
Nine of the isolates were recovered from soil samples 5 from
Al-Jadiria, 2 from Al-Mahmoudiyah and 2 from Utafiyah. All
of the isolates were considered as Streptomyces depending on
their mycelia growth (Branched mycelia) and on their abilities
to grow on Glycerol yeast extract agar (GYEA) supplemented
with tetracycline 50 µg/ml and 50 μg/ml cycloheximide.
Glycerol yeast extract agar medium is specific and sensitive
for Streptomyces since it contains glycerol, more
actinomycetes use as a sole carbon source, cycloheximide
reduces fungal growth, whereas tetracycline reduces other
bacteria. Colonies size varied, powdery, colour varied from
chalky white and grey. Isolation of Streptomyces from all soil
samples show Streptomyces is predominant in these soils.
previous studies reported that Streptomyces species were the
most dominant actinomycetes inhabited, the genus
Streptomyces species which was the dominant and contributed
the largest spectrum of species among 22 (85%) isolates.
(Kumar et al., 2013; Abdullah et al., 2016) [1]. In study obtain
on 27 actinomycetes isolates were identified as Streptomyces
(16 isolates) (Gurung et al., 2009) [18]
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Table 3: Collection site and Streptomyces isolates using on Glycerol yeast extract agar medium
Date of
collection

Number of
samples.

Collection site (Source of
soil sample)

9/1/2017

2

Baghdad /
Al-Jadiria

10/1/2017

2

Baghdad /
Al Mahmoudiyah

12/1/2017

2

Baghdad / Utafiyah

Number of actinomycetes Colonies in each gram of soil
(CFU/gm of dried weight soil)
20 × 105
2.1 × 105
2.7 × 105
2.0 × 105
2.4 × 105
3.2 × 105
3.0 × 105
3.5 × 105
2.8 × 105

Screening of Antibiotic Producing Streptomyces sp.
All Streptomyces isolates (A1, A 2, A3, A4, A5, A15, A16,
A17 and A18) were screened for their antibacterial activity on
malt extract yeast extract agar medium (ISP2) using scross-

Isolates
A1
A2
A3
A4
A5
A15
A16
A17
A18

streak technique. A broad spectrum of antibacterial activity
was observed in 44.4% (4 out of 9) (A3, A4, A15 and A17) of
the total Streptomyces isolates (Table 4).

Table 4: Primary screening of Streptomyces isolates using scross-streak technique on malt extract yeast extract agar medium
Isolates
A1
A2
A3
A4
A5
A15
A16
A17
A18

Gram-positive
Bacillus cereus Streptococcus sp.
-ve
-ve
-ve
-ve
+ve
+ve
+ve
+ve
-ve
-ve
+ve
+ve
-ve
-ve
+ve
+ve
-ve
-ve

Gram-negative
Pseudomonas aeruginosa Escherichia coli.
-ve
-ve
-ve
-ve
+ve
+ve
+ve
+ve
-ve
-ve
+ve
+ve
-ve
-ve
+ve
+ve
-ve
-ve

Screening was performed by Agar-Well Diffusion method
and growth inhibition zones were measured in millimeters for
each of the Streptomyces isolates, the results are shown in
Table 5. Tested isolates have shown potent in vitro
antibacterial activities against all tested pathogens. The
highest activities were shown by isolate A17 against Bacillus
cereus (19 mm), Streptococcus sp. (15 mm), Pseudomonas
aeruginosa (17mm), Escherichia coli (19 mm). It is also
evident in Table 5 that isolates A4 and A15 have shown
strong activities against all pathogenic bacteria with inhibition

Note
Neglected
Neglected
Selected
Selected
Neglected
Selected
Neglected
Selected
Neglected

zone diameters ranging between 12 and 15mm. Isolate A3
have shown moderate inhibitory effect against pathogenic
bacteria with inhibition zones diameters in the ranging
between 6 and 11mm. In a study by Arifuzzaman et al.,
(2010) [4] showed about 55 actinomycetes were isolated and
screened for antibacterial activity, found 20 isolates (36.36%)
were active against the test organisms. Denizci et al., (1996)
[9]
isolation 356 Streptomyces sp from the soil and found
about 122 isolates were antimicrobial activity.

Table 5: Inhibition zones (mm) by different Streptomyces isolates against pathogenic bacteria

Isolates
A3
A4
A15
A17

Bacill
us
cereus
10
12
14
19

Zone of inhibition (mm)
Pseudomon
Streptococcu
as
s sp.
aeruginosa
6
11
12
14
15
15
17

Cultural and Microscopical Characterization of
Streptomyces isolates
Four Streptomyces isolates that showed great potentialities for
antibacterial production were selected and characterized.
Characterization was done according to Bergey’s Manual of
Systematic Bacteriology (Bergy and Holt, 1994; Vimal et al.,
2009) [47]. The results of cultural characterization after 5 days
of incubation on malt extract yeast extract agar medium
(ISP2) are shown in Table 6. The colonies of the tested
isolates were round, filamentous and concentric in shape,

Escheri
chia
coli.
8
15
13
19

small, smooth surfaces, aerial mycelium developed and
appeared powdery. Most isolates have whitish colonies. Two
of the isolates produced white- coloured mycelia, one grey
mycelia, one Peach mycelium. Colonies Elevation were flat
(A15), convex (A3), raised (A17) or drop like (A4). Colony
edges were smooth (A15) filamentous (A3), concave and
irregular (A17) and wrinkled (A4). The colonies morphology
displayed are typical to those described by Anderson and
Wellington (2001) [3] for actinomycetes.
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Peach
Grey
White to yellow

filamentous
wrinkled
smooth
concave and
irregular

White to Gray

Coloration of
substrate mycelia

Powdery
Powdery
Powdery

+ve
+ve
+ve

-ve
-ve
-ve

yellow
chalky texture
chalky texture

raised

Powdery

+ve

-ve

yellow

Present
Present
Present
Present
colour Pink

Growth

Surface

Aerial
mycelium

Motility

convex
drop
flat

Elevation

Gram stain

A17

Round
Concentric
Filamentous
Round and
irregular

Edges

Shape

Isolates

A3
A4
A15

Coloor

Table 6: Cultural and Microscopical characteristics of Streptomyces isolates.

Good
Moderate
Good
Good

Protease, Urease, Catalase, Amylase, Cellulase and Lipase.
All Streptomyces isolates could produce Nitrate reduction,
Tyrosine degradation and Casein hydrolysis. A3, A4 and A15
could not produce Hydrogen sulphide production, Oxidase
production, Indole production and Melanine reaction. All
Streptomyces isolates could Citrate utilization and Pectin
degradation except A17. All Streptomyces isolates could grow
at pH 6-9 and Grow in different temperature 28-30oC.
Growth of isolated Streptomyces with different NaCl
concentration was ranging between 5 to 7. Streptomyces is
one of the best recognized genera of the whole order of
Actinomycetales because of its wide distribution in nature,
especially in soils. The biochemical activities of such pure
cultures frequently allow genera and species characterization
and identification (Gillies and Dods, 1984) [14].

Microscopical characterization of the tested isolates were
filamentous, non motile and Gram positive. Such characters
are typical of the actinomycetes (Cross, 1989) [7].
Morphological examination of these isolates, indicates that
they belong to the genus Streptomyces (Waksman, 1961).
Morphological characteristics described by Das et al., (2008)
[8]
. Vanajakumar et al., (1995) [46] have also reported that
white color series of Streptomyces they were the dominant
forms.
Biochemical and physiological Characteristics
Result of biochemical and physiological testes of
Streptomyces sp. Show in (Table 7). Ability of Streptomyces
isolates to produce enzymes was varied. All isolates
hydrolyzed starch. All isolates produced Catalase, Gelatinase,

Table 7: Physiological and biochemical characteristics of Streptomyces isolates

Ox

Cas

In

+
+
+
+

+
+
+
+

+
+
+
+

-

-

+
+
+
+

-

+

+

-

-

-

-

-

-

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

8
6
9
8

28°C
28°C
30°C
28°C

NaCl%

Cat

-

-

Te.

Ur

+
+
+
+

pH

Pr

-

-

Li

Pe

+
+
+
+

Ce

Ty

+
+
+
+

Am

Ci

+
+
+
+

St

Ge

-

-

Me

Ni

A3
A4
A15
A17

Ca.

Isolates

Physiological ch.

*H2S

Biochemical characteristics

6
6
7
5

*H2S: Hydrogen sulfide production, Ca: Catalase production, Ni: Nitrate reduction, Ge: Gelatinase, Ci: Citrate utilization, Ty:
Tyrosine degradation, Pe: Pectin degradation, Pr: Protease production, Ur: Urease production, Cat: Catalase, Ox: Oxidase
production, Cas: Casein hydrolysis, In: Indole production, Me: Melanine reaction, St: Starch, Am: Amylase production, Ce:
Cellulase, Li: Lipase, Te: temperature, NaCl concentrations
Molecular Identification of Streptomyces isolates
PCR products were separated and the isolation of genomic
DNAs was verified with electrophoresis on 1.5% agarose gels
(w/v) and run in 1x Tris-borate buffer, pH 8.3. Genomic
DNAs were seen as a smear of different molecular weight
DNAs under UV light. The ampilified DNA bands were
visualised after ethidium bromide staining and photographed
under ultraviolet light. The results show the DNA of isolated
strains was extracted successfully. The results of PCR
amplification which was performed on the DNA extracted
from all isolates were confirmed by the electrophoresis
analysis.
Three primers were selected for further testing, the forward
primer and the reverse primer. The target areas of the primers
along the 16S rRNA are bp 260-273. Comparison of PCR and
cultivation methods for the detection of Streptomyces in soil.
Four isolates (A3, A4, A15 and A17) were positive in the
PCR T, technique. Performing PCR reactions using primer
pair on DNA from soil isolates produced a single 273 bp band
in all tested isolates (Fig. 1).

(Kim et al., 1993) [24] showed that advantages of rRNA genes
as targets for PCR detection assays are that the genes are
essential for the cells, and they are conserved among the
prokaryotes. With Streptomyces which have a highly unstable
genome (Volff and Altenbuchner 1998) [48]. It is important
that the rRNA genes are situated in the stable core part of the
genome (Bentley et al., 2002) [4]. According to Stackebrandt
et al., (1991), the variable regions V2, V6 and V7 are suitable
for the discrimination of Streptomyces species. Two of the
primers developed in this work, StrepB and StrepE partially
overlap with published Streptomyces - specific primers
(Mehling et al., 1995) [29]. Thus, the gene fragments amplified
with these primers contain sufficient information for diversity
studies; however, the 16S rDNA sequence diversity provides
no information about the functional diversity of species
(Metsä-Ketelä et al., 2002) [30]. According to morphological,
physiological and biochemical characteristics and molecular
identification, the results indicated that A17 isolate is very
close to the species Streptomyces fradiae.
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Fig 1: PCR amplification of Streptomyces 16S rDNA from soil,
using AM48, AM51, AM52 Primers and 1.5% Agarose: Lane M Molecular weight marker (250 bp), Lanes 1– 4: Streptomyces
isolates (1: A3; 2: A4; 3: A15; 4: A17), showing positive results (273
bp).

Molecular identification aph gene for Streptomyces isolates
PCR Detection of aph Gene
The amplification of gene aph was performed using the APH
primers (APH -F and APH -R). The Streptomyces isolates
then subjected to molecular identification of the aph genes by
polymerase chain reaction. Aph gene was successfully
amplified from Streptomyces isolates. The results of aph gene
detection clarify that one isolate (25%) of Streptomyces
isolates gave a positive result and carrying aph gene while 3
(75%) of Streptomyces isolates were lack the gene and no
cross reactivity could be observed with any of the A3, A4 and
A15 isolates. The results showed the amplification of aph
gene for four Streptomyces isolates were A3, A4, A15 and
A17. PCR product 1190bp, this used for identification of aph
gene for Streptomyces isolates and found the A17 isolate gave
DNA bands 1190 bp in length, (Fig: 2). Demonstrating that
aph gene was present below the detection threshold of the
PCR used. This gene should be considered a component of
Production of neomycin antibiotic. The results indicated that
the A17 isolate is very close to the species Streptomyces
fradiae responsible for producing antibiotic neomycin. This
results were closely related to results of (Thompson and
Grayt, 1983; Salauze and Davies, 1991) [45], they found that
aph gene validly tested of S. fradiae isolates harboured the
aph - aminoglycoside phosphotransferase gene.

Fig 2: PCR amplification of aph gene of Streptomyces isolates,
Lanes: 100 bp DNA ladder, 1-4 PCR products obtained with the
APH PCR primers: 1-3 no Gene: 4, A17: aph gene (1190bp)

The sequence differences in the 16S rRNA gene are located in

the so-called variable regions V1-V8. The V2 and V3 the
regions show the greatest differences between Streptomyces
and E. coli, while the V2 region shows the greatest variability
within the Streptomyces (Pernodet et al., 1989, Stackebrandt
et al., 1991) [35]. Sequence analysis of the highly variable V2
region has been applied for Streptomyces species
identification; however, it was not able to distinguish all of
the species (Kataoka et al., 1997) [22]. Subba (2006) [44] found
that cloned and sequenced an approximately about 42 kb
genomic DNA fragment of S. fradiae in cosmid (pNEM37)
cloned selected from screening. Analysis of the DNA
sequence revealed the presence of putative Nem gene clusters
along with regulatory gene and resistant genes and showed
that Aminoglycosides are a large class of clinically important
antibiotics and all are secondary metabolites from various
Streptomyces species. Neomycin is the members of “4, 5disubstituted
2-deoxystreptamine
containing”
aminoglycosides antibiotics. These is produced by S. fradiae
(Inouye et al., 1989) [20]. Nem gene cluster as it may be
involved in the regulation of neomycin biosynthesis in S.
fradiae. The genes neo6 and neo5 were successfully identified
as an aminotransferase with dual function and dehydrogenase
in the neomycin biosynthetic gene cluster from S. fradiae
(Subba, 2006) [44].
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