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-
Abstract- Three lytic actinophages specific for Streptomyces flavovirens were isolated from Egyptian soil and designated Sf1, Sf2
and Sf3. Phage isolates Sf1, Sf2 and Sf3 produced clear circular single plaques of 2, 1 and 3 mm in diameters, respectively. Thermal inactiva-
tion point, dilution end point and longevity in vitro of phages Sf1, Sf2 and Sf3 were found to be 86°C, 82°C and 76°C; 105, 10-3 and 10-5; 7, 6
and 7 days, respectively. The isolated phages were found to be stable at different pH levels ranging from 5 to 13.

Particle size and morphology of each phage isolate were examined by transmission electron microscopy. The three isolated phages were of
head and tail type. They varied in their head diameters and tail lengths.

Using RAPD-PCR assay, only seven primers succeeded to generate polymorphic DNA products. Genetic distance value between phages Sf1
and Sf2 was 0.0, phages Sf1 and Sf3 was 1.0 and phages Sf2 and Sf3 was 0.89.
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Introduction

Actinomycetes are widely used in biotechnology for production of
bioactive compounds. Although actinophages are widely used for
typing Streptomyces in taxonomic studies [6], some of actinophag-
es can attack antibiotic producing strains resulting in serious prob-
lems in pharmaceutical industry [14].

Most actinophages have been isolated from soil in which they are
widespread. Methods for the direct isolation of actinophages from
soil usually yield extremely low titers [1,32].

The morphology of isolated strains of Streptomyces phages have
been examined by electron microscopy. These phages have poly-
hedral heads and non-contractile tails [8], isometric heads and long,
apparently non-contractile tails [23], Streptomyces phages showed
that the phages heads were of an icosahedral form, but some of the
phages had a very long tail and another type had a very short tail
(3].

The random amplified polymorphic DNA-polymerase chain reaction
(RAPD-PCR) markers, being one of the DNA-based markers, ena-
ble random sections of DNA to be rapidly reproduced using short
polynucleotide primers. The polymerase chain reaction (PCR)-
based RAPD assay was developed by [33,34]. RAPD-PCR has
been used to generate specific profiles or genomic fingerprints
which are used to compare the genotypic diversity, for example,
bacterial isolates [17,24]. RAPD-PCR using purified DNA has been
also used to assess the genetic diversity of vibriophages [7,29],

phages infecting E. coli [11] and Pseudomonas aeruginosa [22].
Using this assay, genomic fingerprints from different phages infect-
ing Bacillus subtilis, Escherichia coli Lactobacillus casei, Lactococ-
cus lactis, Staphylococcus aureus, Staphylococcus epidermidis and
Streptococcus thermophilus bacterial strains were distinct and
showed variation in number of bands, fragment size and intensity
[13].

The objective of this study is to investigate the presence of ac-
tinophages specific for S. flavovirens in the Egyptian soils. In addi-
tion, characteristics of these phages i.e. plaque morphology, parti-
cle size and morphology; thermal inactivation point, dilution end
point and longevity in vitro as well as genetic similarities were also
studied.

Materials and Methods

Source of Streptomyces species

Three Streptomyces species (S. parvulus, S. flavovirens and S.
corchorusii) were used in this study. These isolates were obtained
from Microbiology Department, Faculty of Agriculture, Ain Shams
University, Cairo, Egypt.

Isolation of Lytic Actinophages

A soil sample (fifty grams) was collected 5 cm depth of soil surface
from the Horticulture Farm, Faculty of Agriculture, Ain Shams Uni-
versity. The soil sample was collected in sterilized plastic bag and
kept at 4°C until use. Actinophages were isolated from the soil sam-
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ple as described by [28].

Actinophages Assay

The quantitative assay of the lytic Actinophages in the prepared
phage suspension was carried out using plaque assay technique as
described by [16]. Phages were distinguished according to the dif-
ferences in plaque size and morphology. The single plaques isola-
tion (SPI) technique was used to purify the phage isolates.

Determination of Actinophage Stability

Thermal inactivation point (TIP) of each phage isolate was deter-
mined as described by [21]; dilution end point (DEP) of actinophage
isolates were determined by plaque assay technique according to
the method of [16]; and longevity in vitro (LIV) of actinophage iso-
lates were determined by spot test technique according to the meth-
od of [2]. The effect of different pH values on stability of actinophag-
es were determined by spot test technique according to [12].

Electron Microscopy of Actinophages

The high titer phage suspension of each phage isolate was pre-
pared using liquid culture enrichment technique. Five ml of the high
titer phage suspension of each phage was ultracentrifuged at
30.000 rpm for 90 min. at 4°C in a Beckman L7-35 ultracentrifuge.
The pellet was gently resuspended in 0.5 ml of 0.2 M phosphate
buffer pH 7.2. A drop of the resuspended pellet was placed on 200
mesh formvar-coated grids and allowed to settle for 1 min. The
excess liquid was removed with a filter paper wick. Grids were
stained with 2% (W/V) phosphotungstic acid for 15 seconds. The
grids were air dried and examined in Jeol-Jem 1010 transmission
electron microscope.

Extraction of Actinophages DNA

DNA extraction and purification techniques were carried out as
described by [9]. Ten ml of high titer phage suspension were incu-
bated at 37°C for 30 min. with DNase and RNase at a final concen-
tration of 1ug/ml each to get rid of contaminating streptomyces
DNA and RNA.

Actinophages were pelleted by centrifugation at 30.000 rpm for 90
min at 4°C in a Beckman L7-35 ultracentrifuge. The actinophage
pellet was resuspended in one ml of extraction buffer (100 mM Tris-
HCI pH 8.0, 50 mM EDTA and 0.5 M NaCl) then 0.2 ml 20% SDS
was added. The mixture was incubated at 65°C in a water-bath for
20 min. One ml of a mixture containing phenol, chloroform and iso-
amyl alcohol (25: 24: 1) was added. Centrifugation was performed
at 10.000 rpm for 10 min at 4°C. The supernatant of each sample
was transferred separately into another sterilized tube and then 1
ml of a mixture containing chloroform and isoamy! (24: 1) was add-
ed, then centrifugation was carried out at 10.000 rpm for 10 min at
4°C. The supernatant of each sample was transferred into a steri-
lized tube, then 1 ml of isopropanol was added and the tubes were
kept overnight in a freezer, then centrifuged. The DNA-containing
pellets were resuspended in 1 ml ethanol then centrifugation was
performed at 10000 rpm for 2 min at 4°C. The DNA pellets were
resuspended in 80 pl TE buffer (10 mM Tris-HCI pH 8.0 and 1 mM
EDTA). DNA concentration was then subjected to further resolving
on 1% agarose gel electrophoresis.

RAPD-PCR Analysis

The PCR amplification was performed in a 25 pl reaction volume
containing the following: 2.5 pl of dNTPs (2.5 mM), 1.5ul of Mg Cl2
(25 mM), 2.5 pl of 10x buffer, 2.0 pl of primer (2.5 uM), 2.0 pl of

template DNA (50 ng/pl), 0.3 ul of Taq polymerase (5 U/ul) and
14.7 pl of sterile double distilled water. The reaction mixtures were
overloaded with a drop of light mineral oil per sample. Amplification
was carried out in Techne TC-512 PCR System. The reaction was
subjected to one cycle at 95 °C for 5 min, followed by 35 cycles at
94 °C for 30 sec, 37 °C for 30 sec and 72 °C for 30 sec, then a final
cycle of 72 °C for 12 min. PCR products were run at 100 V for one
hr. on 1.4 % agarose gels to detect polymorphism between phage
isolates under study. After electrophoresis, the RAPD patterns were
visualized with UV transilluminator. RAPD markers were scored
from the gels as DNA fragments present or absent in all lanes. Gels
were photographed using a Polaroid camera.

Twenty-one 10-mer random DNA oligonucleotide primers were
independently used in the PCR reaction. Only seven primers [Table
-1] able to produce polymorphic DNA bands. These primers were
synthesized by ( Operan biotechnologies, Inc.,Germany).

Table 1- Names and nucleotide sequences of the used primers

1 OP- AX16 5" GTCTGTGCGG ¥
2 OP-C02 5" ACGGCGTATG 3
3 OP-E03 5" CCAGATGCAC 3
4 OP-G05 5 TGGTGGACCAJ
5 OP-117 5 TGGTGGACCA3J
6 OP-L 12 5 TGGTGGACCAJ
7 OP-M01 5 GTTGGTGGCT 3

Statistical Analysis

The DNA bands generated by each primer were counted and their
molecular sizes were compared with those of the DNA markers
(1500-1000-900-800-700-600-500-400-300-200-100bp). The bands
scored from DNA profiles generated by each primer were pooled
together. Then the presence or absence of each DNA band was
treated as a binary character in a data matrix (coded 1 and 0, re-
spectively) to construct dendrogram tree and to calculate genetic
similarity among the studied three phage isolates. Similarity coeffi-
cients were calculated according to [10] as implemented in the com-
puter program SPSS-10.

Results
Biological Characters of Streptomyces flavovirens Phages
Isolation and Qualitative Assay of Virulent Phages

Three virulent phages specific for Streptomyces flavovirens were
isolated from a soil sample collected from the Horticulture Farm,
Faculty of Agriculture, Ain Shams University. The phages were
isolated using Single Plaque Isolation Technique, depending upon
plaque size and morphology. The isolated phages were designated
Sf1, Sf2 and Sf3.

These phages were not infectious to S. parvulus and S. corchorusii.
As shown in [Fig-1] the single plaques formed by phages Sf1, Sf2
and Sf3 were found to be clear circular shape of 2, 1 and 3 mm in
diameter, respectively.

Determination of Stability of Phages

The phage isolates of S. flavovirens varied in their thermal inactiva-
tion points (TIP), dilution end points (DEP) and their longevity in
vitro. The three isolated phages were found to be stable at different
pH levels ranging from 5 to 13. The recorded values of thermal
inactivation points (TIP) were 86°C, 82°C and 76°C; dilution end
points (DEP) were 105, 10-3 and 10-5 and the longevity in vitro were
7,6 and 7 days for phage isolates Sf1, Sf2 and Sf3, respectively.
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Fig. 1- Single Plaques produced by the three lytic actinophages of
S. flavovirens, (a) phage Sf1, (b) phage Sf2 and (c) phage Sf3. The
single plaques are indicated by arrows.

Morphological Characters of S. flavovirens Phages

As shown in [Fig-2], electron micrographs of purified virulent phag-
es specific for S. flavovirens, showed tadpole shaped particles.
Phages had isometric particles with long contractile tail. The head
diameters of the three S. flavovirens phages were 70, 60 and 80 nm
and their tail dimensions were 170 x 14, 180 x 20 and 200 x 20 nm
for phages Sf1, Sf2 and Sf3, respectively.

Molecular Analysis of S. flavovirens Phages
RAPD Assay

The random amplified polymorphic DNA-polymerase chain reaction
(RAPD-PCR) was used to determine the polymorphic DNA products
and similarities of genetic distances of the three S. flavovirens lytic
phages under study. Twenty one 10-mer arbitrary oligonucleotide
primers were used to establish RAPD-PCR fingerprints of these
three S. flavovirens phages. Only seven primers succeeded to gen-
erate reproducible polymorphic DNA products. Each of the seven
primers displayed a strong and distinct amplified bands profile for

each of the studied isolates. The number and size of the amplified
products varied considerably from primer to another. The total am-
plified products were 80 DNA bands, generated by OP-AX16, OP-
C02, OP-E03, OP-G05, OP-L17, OP-L12 and OP-M01 primers. Of
these bands, 44 bands were found to be unique or polymorphic
bands, while 36 bands were monomorphic [Fig-3]. The size of the
amplified fragments ranged from 160 to 1940 bp.

a o

B

100 nm TEM Mag - 60000x

TEM Mag - 60000x

Fig. 2- Electron micrographs of the Iytic actinophages; (a) phage
Sf1, (b) phage Sf2 and (c) phage Sf3 specific for S. flavovirens ,
negatively stained with (2% wilv) phosphotengestic acid. Phage
particles are indicated by arrows.

For OP-AX16 primer, ten DNA bands were appeared, their sizes
ranged from 245 to 1540 bp. Three DNA bands with sizes of 900,
1000 and 1160 bp were polymorphic, since they were observed in
two and disappeared in one of the used phage isolates. Two DNA
bands were considered as unique bands, the first (1540 bp) was
detected only in Sf1 phage isolate and the second (245 bp) was
appeared only in Sf2 phage isolate. The remaining five bands with
sizes of 370, 480, 530, 660 and 800 bp were monomorphic bands
while they were presented in all the three phage isolates.
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Fig. 3- RAPD patterns with primers(a) OP-AX16 , (b) OP-C02, (c)
OP-E03, (d) OP-G05, (e) OP-117, (f) OP-L12 and (h) OP-MO01. Lane
M : DNA ladder; lane 1: phage Sf1; lane 2: phage Sf2 and lane3:
phage Sf3.

According to OP-C02 primer, thirteen DNA bands ranged in size
between 180 and 1690 bp were appeared, out of them four bands

were polymorphic and five were monomorphic. Only four bands with
sizes of 180, 300, 400 and 590 bp were unique bands, three of
them (180, 300and 590 bp) were appeared in Sf2 phage isolate but
one band with size of 400 bp was detected in phage isolate Sf1.

Regarding the DNA primer OP-E03, only nine DNA bands were
observed, their sizes ranged between 160 and 830 bp. Five DNA
bands were polymorphic and two were monomorphic. Two DNA
unique bands ( 160 and 265 bp) were presented, both DNA bands
were found only in the phage isolate Sf3.

For OP-G05 primer, ten bands were recorded, the size of these
bands ranged from 210 to 1540 bp. Out of them four bands were
polymorphic and five were monomorphic. Only one band with size
of 600 bp proved to be unique band, it was appeared only in the
phage isolate Sf2.

Also, OP-117 primer amplified only eight DNA bands with molecular
size ranged between 250 and 1590bp. Four bands were polymor-
phic and three were monomorphic bands. The band of 825 bp
proved to be the only unique band generated by this primer and
appeared only in the Sf1 phage isolate.

Moreover, primers OP-L12 and OP-M01 generated the highest
number of bands (15 bands for each). The size of the bands gener-
ated with the OP-L12 primer ranged between 190 and 1940 bp.
Five bands were polymorphic and eight bands proved to be mono-
morphic. Only two bands with sizes of 420 and 1750 bp were
unique bands and appeared only in the phage isolate Sf2. On the
other side, OP-MO01 primer generated bands with sizes ranged be-
tween 220 and 1860 bp. Five polymorphic and eight monomorphic
DNA bands were recorded. Only two DNA bands with sizes of 290
and 690 bp proved to be unique, presented in phage isolate Sf1. On
the basis of the obtained results, 80 amplified DNA bands were
generated after the application of the used seven RAPD primers.
Out of these bands, 30 were polymorphic and 14 were unique poly-
morphic bands representing a polymorphism precentage of 55 %.
The other 36 bands proved to be monomorphic, since they were
appeared in all phage isolates.

Data presented in [Table-2] showed that 14 unique DNA bands
were recorded using the seven primers.

Table 2-The unique amplified DNA bands produced by the used

primers.
OP-AX16 2 1540 1 0 0
245 0 1 0
OP-C02 4 590 0 1 0
400 1 0 0
300 0 1 0
180 0 1 0
OP-E03 2 265 0 0 1
160 0 0 1
OP-G05 1 600 0 1 0
OP-117 1 825 1 0 0
OP-L12 2 1750 0 1 0
420 0 1 0
OP-M01 2 690 1 0 0
220 1 0 0

Genetic distances relationship among the three phage strains were
studied by Dendogram based on their similarity indices data of
RAPD analysis [Fig-4] and [Table-3]. Genetic distance value be-
tween phage 1Sf and 2Sf was 0.0 and phage 1Sf and 3Sf was 1.0
while the genetic distance value between phage 2Sf and 3Sf was
0.89.
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Fig. 4- Dendrogram for the relationships of genetic distances
among three phage strains based on similarity indices data of
RAPD analysis.

Table 3- Similarity indices among three phage strains based on

RAPD analysis
Sf2 0
Sf3 1 0.89
Discussion

Three actinophage isolates specific for S. flavovirens were isolated
from Egyptian soil and designated Sf1, Sf2 and Sf3. In this study,
the observed plaque sizes and morphologies of phages Sf1, Sf2
and Sf3 were found to be similar to those isolated by [3,21,23]. The
plague characters may be affected by some factors such as phage
isolate, age of indicator host and presence of host debris as report-
ed by [16,15]. The thermal inactivation point of S. flavovirens phag-
es Sf1, Sf2 and Sf3 were found to be 86°C, 82°C and 76°C; dilution
end point were 10+, 10-3 and 10-° as well as longevity in vitro for the
three phages were estimated to be 7, 6, and 7 days, respectively.

The three isolated phages of S. flavovirens were stable at pH rang-
ing from 5 to 13. These results are relatively in agreement with
those obtained [21], but the stability of some actinophages was
recorded at pH ranging from 5.5 to 9.0 and rapidly inactivated at pH
4 and below. The rapid inactivation of phages at the low pH levels
may be due to the acid denaturation of protein [30]. Moreover, the
adsorption of phages attacking a variety of hosts was influenced by
pH value including Escherichia coli [27] and certain Salmonella
species [31]. In addition, [29] reported that actinophages were inac-
tivated at pH higher than 9.0.

The electron micrographs of the three phage isolates (Sf1, Sf2 and
Sf3) indicated that, all phages had isometric heads and contractile
tails, but they varied in their head diameters and length of tails.
These results are in agreement with those of [3,8,19,21,23,26).

RAPD analysis has been used to differentiate between closely relat-
ed six Leuconostoc fallax bacteriophages isolated from industrial
sauerkraut fermentation [5]. Moreover, this technique has been
used to make fingerprint of 10 isolated phages against Escherchia
coli (ETEC) [18]. In this study, RAPD analysis of phage DNA provid-
ed a simple and reproducible method for differentiation of three
virulent actinophage isolates specific for S. flavovirens. Data
showed that the 44 bands are polymorphic (14 unique and 30 poly-
morphic), while 36 bands are monomorphic. The size of amplified
fragments ranged from 160 bp to 1940 bp.

From the molecular genetic point of view, the unique DNA bands
are considered of special interest, while they identify special char-
acters for specific phage isolates.

For Sf1 phage isolate, a total of five unique DNA bands was found,
these bands were generated by the application of four RAPD pri-
mers. The size of these DNA fragments ranged between 220 bp by
OP-MO01 primer and 1540 bp by the RAPD primer OP-AX16. These
fragments may carry gene(s) which are responsible for the thermal
inactivation point and longivity in vitro.

Regarding Sf2 phage isolate, seven unique DNA bands were rec-
orded, their sizes ranged from 180bp, generated by OP-C02 primer
to 1750 bp by primer OP-L12. Also, some or all of these seven DNA
fragments may carry gene(s) responsible for the thermal inactiva-
tion point and longivity in vitro of Sf2 phage.

Finally, for the phage isolate Sf3, only two unique DNA bands were
recorded. Both DNA fragments were generated by the same RAPD
primer (OP-E03) and their sizes ranged between 160 and 265 bp.
One or both DNA fragments may contain gene(s) which are respon-
sible for the thermal inactivation point and longivity in vitro of Sf3
phage.

Genetic distance value percentage was studied between phage
Sfland Sf3 showed maximum genetic distance estimates (100%),
genetic distance between phage Sf2 and Sf3 was 89.0%, while
genetic distance percentage between phage Sf1 and Sf2 was 0.0%
i.e. no genetic distance was found. This method has been used
extensively for microbial characterization and differentiation be-
tween bacteriophage isolates [5,20,25]. The simplicity and applica-
bility of the RAPD technique have captivated many scientists’ inter-
ests. Perhaps the main reason for the success of RAPD analysis is
the gain of a large number of genetic markers that require small
amounts of DNA without the requirement for cloning [4]. To the best
of our knowledge, this is the first report on isolation and characteri-
zation of three lytic phages specific to S. flavovirens from Egyptian
soil.

Conclusion

Generally, on the basis of the obtained results it can be concluded
that, the Egyptian soils were found to contain Iytic actinophages
specific for Streptomyces flavovirens. Three lytic actinophages were
successfully isolated and designated Sf1, Sf2 and Sf3. The isolated
phages were of head and tail type. Thermal inactivation point of the
isolated phages ranged between 76°C and 86°C ; dilution end
points ranged between 10-3 and 10-5 and their longevity in vitro were
6 to 7 days. Genetic distance value between phages Sf1 and Sf2
was 0.0, phages Sf1 and Sf3 was 1.0 and phages Sf2 and Sf3 was
0.89.
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