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The discovery of Bacillus subtilis phages is very important about their application in the agroindustry. We 
present the recently isolated soil-borne virus infecting Bacillus subtilis. The phage was designated as 
vB_BsuS-Bot1. It was propagated by the method of liquid enrichment and purified by polyethylene glycol 
and dextran sulfate two-phase system followed by centrifugation at high speed. Morphological 
investigation via transmission electron microscopy (TEM) revealed characteristics of the Siphoviridae 
family, but with a thin tail of virion particle of approximately 7 nm width and 180 nm length. Phage host 
range and sensitivity analyses exhibiting a narrow host range. The complete infection cycle of vB_BsuS-
Bot1 was 120 min with a burst size of approximately 66 PFU/cell and a latent period of 50 min. Its 
optimal growth temperature was 30 °C, the optimum pH value was 7.0 and it was inactivated after 30 
min from exposure to Ultraviolet (UV) irradiation. The virus lost its activity after storing it at -20 °C for 7 
weeks. The genome of isolated vB_BsuS-Bot1 had double-stranded DNA. Electrophoresis of the SDS 
polyacrylamide gel of purified phage proteins was investigated. Protein pattern of the vB_BsuS-Bot1 
revealed 9 structural proteins ranging from 34.7 to 88.1 kDa compared with the standard or markers 
proteins. The antiserum specific for vB_BsuS-Bot1 was prepared and serological identity analysis of 
vB_BsuS-Bot1 revealed the formation of precipitation bands against specific rabbit antiserum (As). This 
study has been performed to expand the knowledge of this virus isolated from wheat cultivated soil and 
infecting Bacillus subtilis. 
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INTRODUCTION 

Soils are critical to global biogeochemical 
cycles that support all terrestrial ecosystems for 
biological diversity and the soil is a complex 
habitat for many different microorganisms such as 
the Gram-positive organism Bacillus subtilis, a 
member of the Firmicutes phylum. Bacillus subtilis 
(B. subtilis) is a facultative anaerobic, rod-shaped 
and endospore-forming bacterium (Logan and De 
Vos, 2009), which produces a wide array of 
extracellular enzymes and metabolites; therefore 
it plays an important role in soil and promote plant 
growth. The microbe was used previously as seed 

inoculant for wheat and pea (Arkhipova et al 
.2019; Khan et al. 2018). Streptomycin resistant 
strain of B. subtilis is an antagonistic to many 
plant pathogenic fungi was used in seed 
bacterization with some economically crop plants 
to inhibit root pathogens and improve wheat 
growth and yield (Milus and Rothrock, 1993; 
Wang et al. 2018, Khan et al. 2018).  A phage is a 
virus that infects bacteria as a host. Because of 
the recent problems of antibiotic resistance, the 
control of harmful bacteria using a phage has 
been given considerable attention (Shin et al. 
2011). The phage that infects beneficial bacteria 
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is therefore as important as those that kill 
pathogenic bacteria. Beneficial bacteria is 
susceptible for infection by many bacterial viruses 
(phages) causing a reduction of the total numbers 
in the soil (Furrer et al. 2020). Different authors 
isolated the phages specific for Bacillus from the 
free and rhizospheric soils cultivated with different 
plants and as well as from raw sewage (Okubo 
1966; Walter and Baker, 2003; Furrer et al. 2020; 
Willms et al. 2017). We used B. subtilis as a 
bacterial host in this study to isolate the phage. 
Investigation of B. subtilis phages is as old as the 
establishment of the model organism itself 
(Hemphill and Whiteley, 1975); however, even for 
such an established and well-studied organism 
(Hedges, 2002), there are not many publicly 
available phage isolates. Phage-related B. subtilis 
investigations will help better assess the risks to 
agricultural application and better understand the 
diversity of viral predators in the environment. 
Here we characterized a new B. subtilis infecting 
phage isolated from wheat cultivated soil in Egypt. 
  
MATERIALS AND METHODS 

Assaying of total counts of soil bacteria  
Soil extract agar medium was used for 

assaying of the soil bacteria and the spore-
forming bacteria quantitatively by plate counts 
technique according to Ameh and Kawo (2017). 

Detection of Bacillus subtilis phages 
Twenty soil samples were collected between 

May and June 2019 from the soil cultivated with 
wheat at the farm of Agricultural Microbiology 
Department, Faculty of Agriculture, Ain Shams 
University, Cairo, Egypt. We used the Bacillus 
subtilis laboratory strain (Othman, 1997), as the 
host strain for phage isolation. B. subtilis was 
grown in a test tube with 3 mL Luria–Bertani (LB) 
medium at 30 °C under shaking. Erlenmeyer flask 
(250 ml) containing 50 ml of LB was inoculated 
with 5 g of sieved soil; suspension of B. subtilis 
cells (108 CFU/ml) was added. The inoculated 
flask was incubated at 30 °C for 72 h, after 
incubation, the flask contents were clarified and 
centrifuged at 6000 rpm for 15 min, and then the 
supernatant was filtered through Millipore syringe 
filter (0.45um) to remove any contaminated 
bacteria from supernatant. Occurrence of phages 
specific for B. subtilis was detected in the 
prepared filtered suspension by spot test 
according to Othman (1997). Decimal dilutions of 
prepared virus suspension were done and the 
phages titres were obtained by the overlayer agar 

(plaque assay technique) according to Adams 
(1959). 

Single plaque isolation  
From the plates resulted from the plaque 

assay technique, single plaques were picked up 
depending on their morphology as diameter sizes, 
shape, presence or absence of halo and plaque 
clearness, and then single plaques were 
transferred to test tubes containing 2-3 ml 
suspension of B. subtitles cells (108 CFU/ml) 
followed by incubation at 30 °C for 24 – 48 h to 
obtain pure isolates of phages, the process 
repeated twice to confirm the purity.  

Propagation of Bacillus subtilis phage 
The propagation of phage was carried out 

using the liquid culture method (Sambrook et al., 
1989). In brief, 1 ml of the Bacillus subtilis culture 
of the mid-exponential process (OD600 = 0.45-
0.55) was inoculated to 100 ml of fresh Luria–
Bertani (LB) medium containing 10 mM CaCl2. 
Added to this 1 ml of phage lysate with at least 
108 PFU/ml and aerobically incubated at 30 °C, 
shaking at 160 rpm for 12 h, or until lysis 
occurred. At 4°C the mixture was centrifuged for 
10 min at 6000 rpm. The supernatant was filtered 
with (0.2 μm) syringe filter. The phage titre 
present in the lysate was estimated using plaque 
assay technique (Adams, 1959). High titre phage 
lysates were held at 4 °C until concentrated using 
polyethylene glycol (PEG). 

Concentration and purification of the obtained 
phage stock lysates  

The concentration of phage was carried out 
using a method described by Ackermann (2009). 
Dextran sulfate polyethylene glycol system was 
used for purification of the phage particles 
(Othman et al., 2008). The phage suspension was 
kept at 4 °C for further studies.  

Determination of size and shape of viral 
particles 

Drop of the high titer purified viral suspension 
was placed on a coated carbon copper grid for 2 
min, then the prepared virus was negatively 
stained with 2 % (w/v) phosphotungstic acid (PTA) 
pH 6.8 and the preparation was examined under 
the electron microscope (Japan Electron Optics 
Laboratory Co., Ltd) at Regional Center for 
Mycology and Biotechnology, Al-Azhar University, 
Cairo, Egypt. 
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Characterization of B. subtilis phage 

Determination of host range and virus 
sensitivity 

The virus host range was determined through 
plaque assays defined for virus isolation and spot 
test. For the latter, concentrated virion solution 
was spotted on nine different Bacillus strains on 
the overlay plates (see Table 1) and incubated for 
24h at 30 °C. Bacterial strains that exhibit clear 
area at the phage suspension drop location were 
considered sensitive to the virus. 

Determination of multiplicity of infection (MOI) 
and one-step growth curve 

The optimal multiplicity of infection (MOI) of 
the phage was determined according to Li and 
Zhang (2014), B. subtilis used as host strain at 3 
different MOI (0.01, 0.1 and 1) for 12 hours at 30 
°C. For the one-step growth curve experiment, 1 
mL of an overnight culture of B. subtilis (108 CFU 
mL-1) was mixed with 100 µl of phage suspension, 
at the previously determined optimal MOI (0.1). 
After 15 minutes of incubation at 30 °C, the 
suspension was centrifuged at 6000 rpm for 3 
minutes. Pellet was resuspended on LB broth in 2 
mL. 100 μl of this broth was transferred to 50 mL 
of LB broth and incubated at 30 °C. Samples (in 
duplicate) were taken for 150 minutes every 10 
minutes, and tested by the technique of double 
agar overlay (Adams, 1959). 

Determination of virus stability  
Test tubes containing of two ml of the crude 

lysate of the phage were exposed to different 
degree of temperature at 10, 20, 30, 40, 50, 60, 
70, 80, 90 and100 °C for 10 min. followed by 
direct cooled water, then, assayed quantitatively 
to determine the thermal stability of the virus 
(Czajkowski et al., 2014).  

In order to assess the stability of the phage 
against different pH values, pH ranging from 2 to 
12 was tested, as described by Czajkowski et al. 
(2014).  

To determine the phage stability under UV 
irradiation exposure, the UV lamp used was with a 
wavelength of 254.0 nm (general electric 
germicidal lamp). Phage suspensions were diluted 
and irradiated in petri dishes 30 cm from the light 
source. Samples taken at various intervals of UV 
light exposure were diluted in the LB broth and 
checked for a viable phage (Czajkowski et al. 
2014).  

Phage stock lysate samples were used to 
determine the stability of the phage after storing at 

37°C, 4°C, -20°C over 6 months. Phage 
suspensions diluted in each sample, and assayed 
for surviving phage. The results of the virus 
stability were represented as a percentage of 
survival phage particles. All the experiments were 
performed in triplicates. 

Extraction and detection of phage nucleic acid   
Phage nucleic acid was extracted by using the 

phenol/chloroform method according to Sambrook 
and Russell (2001). Phage nucleic acid was 
treated with DNase I and RNase A, according to 
the supplier instructions (Thermo Scientific). The 
nucleic acid treated mixtures were analyzed by 
electrophoresis at 100 V in a 1.0% agarose gel 
stained with ethidium bromide using a DNA ladder 
as marker. 

Determination of SDS–PAGE profile of virus 
particle 

High titre phage was pelleted by cooling 
centrifugation and the pellets were resuspended 
in the phosphate buffer pH 7.2. Phage samples 
(50 µl) were added to 50 µl of Laemmli buffer 
containing 2- Mercapoethanol and boiled for 5-10 
min, and then the viral particles were fractionated 
by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) as described by 
Laemmli (1970) and stained by Coomassie 
brilliant blue R-250 (Bio-Rad, USA).  

Serological characters of Bacillus subtilis 
phage 

Two rabbits (white Newzeland) were 
immunized to produce the specific phage 
antiserum. Before immunization, the normal 
serum was taken as control. Purified phage (108 
PFU/ml) was used for injection as antigen for 
injection intravenously in the marginal ear vein. 
Each rabbit was received 4 intravenous injections 
for production of antiserum, which the rabbit was 
immunized by injection with 0.2 ml of purified 
phage intravenously one a week for four 
consecutive weeks (Van Elsas and Penido 1981, 
Othman et al. 2008).  

Ouchterlony double diffusion test 
To determine the serological relationship 

between the antigen and specific rabbit antiserum, 
immunodiffusion test was carried out according to 
Ouchterlony (1968). 

Electro-immunoassay (Rocket test)  
The method was done as described by Laurell 

and Mckay (1981). In the technique, the antigen 
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was drown into a medium contain antiserum, 
where the two reactants meet in optimum 
proportions precipitation occurs in the form of 
cone or rocket. The area of precipitation was 
proportional to the quantity of the antigen.  
 
RESULTS  

Count of bacteria from cultivated soil   
Soil sampled from the farm of Agricultural 

Microbiology Department, Faculty of Agriculture, 
Ain Shams University, Cairo, Egypt yielded 
1.6x103 and 4.3x102 CFU/g for total counts of soil 
bacteria and total count of the spore forming 
bacteria respectively. 

Isolation of B. subtilis phage  
Viruses specific for Bacillus subtilis in the 

samples were assayed qualitatively by the spot 
test and the result showed positive reaction then 
quantitatively by the double over layer agar 
method and it was found that, titer or 
concentration of viruses was 9 x105 PFU/ml in the 
free soil and 4 x105 PFU/ml in the rhizosepheric 
soil. 

From the plaques resulting from the plaque 
assay technique a single plaque with central clear 
area without halo with diameter of about 2 mm 
was picked up to prepare phage stock lysate. Two 
ml of 24 h incubation B. subtilis liquid culture was 
inoculated with obtained single plaque and 
incubated 24 h at 30 °C. The infected liquid 
culture was then centrifuged at 6000 rpm for 15 
min. the supernatant was filtered through 0.22um 
Millipore filter to obtain purified phage lysate. This 
process was repeated twice to be sure that the 
isolated virus is purified (the particle have the 
same size and shape).  

 

 
Figure 1: Purification and concentration of 

VB_BsuS-Bot1 by dextran sulphate-polyethylene 
glycol, two phase system. (A): Turbid precipitates in 
separating funnel containing the virus particles. (B): 

Intermediate phase (cake) containing the phage 
particles. 

The biologically purified Bacillus phage was 
propagated by liquid enrichment method to obtain 
a large amount, and then the propagated phage 
was purified by dextran sulfate-polyethylene glycol 
two phases system (Figure 1) before 
characterization, and phage lysates were assayed 
by double agar plate method and the final titer 
was 9.5x108 PFU/ml. The naming of phage isolate 
was based on Kropinski’s proposed systematic 
scheme 2009 as vB_BsuS-Bot1 (Kropinski et al. 
2009). 

Morphology of the phage  
The particle morphology of the isolated phage 

was determined by the transmission electron 
microscopy after negatively staining by 2 % PTA. 
As shown in Figure 2, a virion (vB_BsuS-Bot1) 
with head and tail morphology, typical of the 
Caudovirales order. The viral particle has long 
non contractile tail revealed that is a member 
Siphoviridae family. Tail dimensions of about 180 
nm in length and about 7 nm in width in addition to 
isometric head with diameter of about 58.6 nm. 

 

 
Figure 2: Characterization of bacteriophage 
VB_BsuS-Bot1 (A): Plaque morphology of 
VB_BsuS-Bot1 (B): Transmission electron 

micrograph of purified VB_BsuS-Bot1 (The scale 
bar represents 100nm).  

Characters of vB_BsuS-Bot1 

Phage host range  
Phage vB_BsuS-Bot1 exhibited a narrow host 

range against different Bacillus strains.  
VB_BsuS-Bot1 showed only lytic activity on 
different strains of B. subtilis, and it did not infect 
other B. subtilis strains (Table 1). Plaque assays 
were carried out with the sensitive strains and 
observed on all strains, demonstrating their 
suitability for multiplication of phage.
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Figure 3: One step growth curve of vB_BsuS-Bot1 on Bacillus subtilis. Error bars represent ± the 

standard deviation. 
 

 
 

Figure 4:  (A): Effect of temperature on VB_BsuS-Bot1 stability checked at 10, 20, 30, 40, 50, 60, 
70, 80, 90 and 100 °C after 10 min. (B): Effect of pH on phage stability, VB_BsuS-Bot1 lysate was 

treated at different pH values (2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12) for one hour at 37 °C. (C): Effect of 
UV irradiation on the phage stability at distance 30 cm for 10, 20, 30, 40 and 50 min. Error bars 

represent ± the standard deviation. 
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Figure 5: Analysis of vB_BsuS-Bot1 nucleic acid and protein. (A): Detection of phage nucleic acid. 

M: DNA marker; lane1: vB_BsuS-Bot1 DNA treated with DNase I; lane 2: vB_BsuS-Bot1 DNA 
treated with RNase A; (B) SDS-polyacrylamide gel electrophoresis analysis of vB_BsuS-Bot1 
structural proteins. Protein bands were visualized by staining the gel with Coomassie brilliant 
blue R-250. MM: Medium molecular weight protein marker, lane 1: (LM) Low molecular weight 

protein marker, lane 2: The purified vB_BsuS-Bot1. 
 
 

Table 1: Host range specificity of the isolated vB_BsuS-Bot1 
 

Bacterial 
species 

Source 
Reaction 

Spot test Plaque assay 

B. subtilis Lab isolate, Ain Shams Univ. + + 

B. subtilis 110 Lab isolate, Ain Shams Univ. + + 

B. subtilis 136 Lab isolate, Ain Shams Univ. + + 

B. cereus Lab isolate, Ain Shams Univ. - - 

B. circulans Lab isolate, Ain Shams Univ. - - 

B. thuringiensis Lab isolate, Ain Shams Univ. - - 

B. polymyxa 201 Lab isolate, Ain Shams Univ. - - 

B. polymyxa 203 Lab isolate, Ain Shams Univ. - - 

B. megaterium Lab isolate, Ain Shams Univ. - - 

A positive indication (+) means that the strain is sensitive to the phage, while a negative indication (-) 
means that no lysis or and no plaques were observed. 
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Figure 6: Serological analysis of vB_BsuS-Bot1 (A): Double diffusion test, central well contains 
antiserum (As) and two peripheral wells contain vB_BsuS-Bot1 (Ag) and other two wells contain 

phosphate buffer (c) as control. (B): Immuno diffusion test for determination of virus 
concentration, central well contains antiserum (As) to vB_BsuS-Bot1 and peripheral wells contain 

vB_BsuS-Bot1 (Ag),  ½, ¼, 1/8, 1/16, 1/32 dilutions of antigen. (C): Immuno diffusion test for 
antiserum concentration, central well contains vB_BsuS-Bot1 (Ag) and peripheral wells contain 

antiserum (As), ½, ¼, 1/8, 1/16, 1/32 dilutions of antiserum. 
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Figure 7: Immunoelectrophoresis technique, the wells contains 20 µl of purified vB_BsuS-Bot1 
(Ag) and ½, ¼, 1/8 dilutions of antigen, (c) contain phosphate buffer as a control. The agarose 

contains specific antiserum (As) showed rocket shape of precipitation related to the 
concentrations of Ag. 

 

Multiplicity of infection (MOI) and one-step 
growth curve 

Phage vB_BsuS-Bot1 showed an optimal MOI 
of 0.1, a value used to carry out the assay of the 
one-step growth curve. A burst size of ~ 66 
PFU/cell was observed with a latent period of ~ 50 
min and 120 min for complete infection cycle 
(Figure 3).  

Stability of the phage 
As shown in Figure (4A), vB_BsuS-Bot1 had 

stable infection after incubation at 10, 20, and 
30°C, more than 70% of vB_BsuS-Bot1 was still 
active after incubation at 40 °C for 10 min and lost 
its activity at 60 °C. 

The optimum pH value for investigated 
vB_BsuS-Bot1 was 7.0 but its numbers was 
reduced in basic pHs (8-11) after incubation 
(Figure 4 B).Phage was inactivated in pH 3 and 
pH 12 after 1 h incubation.  

Phage vB_BsuS-Bot1 didn`t lose their 
infectivity after exposure to the UV irradiation at 
distances of 30 cm from irradiation source for 20 
min but it was readily inactivated with a 30 min UV 
exposure (Figure 4C). 

The virus lost its activity after storing at -20 °C 
, 4°C and 37°C for 7, 15 and 11 weeks 
respectively, as no plaques were observed on the 
double-layer agar plates. 

Nucleic acid and protein analysis of the 
isolated vB_BsuS-Bot1 

Phage vB_BsuS-Bot1nucleic acid was 
sensitive to DNase I, and did not digest by 
treatment of RNase A. Therefore, the genome of 
isolated vB_BsuS-Bot1 had double-stranded 
DNA. The genome size was more than 10 kb 
(Figure 5A). Protein profile of the isolated Bacillus 
phage (vB_BsuS-Bot1) was determined by 12 % 

SDS-PAGE. Electrophoretic motilities of bacillus 
phage proteins were compared with the standard 
or markers proteins (medium molecular weight 
and low molecular weight marker proteins). As 
shown in Fig. 5B the phage had 9 structural 
proteins with molecular weight of 88.1, 74.3, 65, 
61, 58.5, 49.6, 44.2, 41.5, and 34.7 kDa 

Serological properties of the isolated B. 
subtilis phage  

Polyclonal antiserum of Bacillus subtilis phage 
(vB_BsuS-Bot1) was obtained after immunization 
and the polyclonal antibodies were investigated 
for their specificity to the vB_BsuS-Bot1as antigen 
by Ouchterlony and Rocket methods. As shown in 
Figure 6A, the antiserum produced after 
immunization by vB_BsuS-Bot1 reacted with its 
antigen (B. subtilis phage) to form a single 
precipitin line comparing with control (phosphate 
buffer 0.01 M, pH 7.2). Concentration of 
vB_BsuS-Bot1 was determined serologically by 
immune-diffusion test. As shown in Figure 6B, the 
highest dilution at which precipitation occurred 
was 1/8 to the phage. The specific rabbit 
antiserum of vB_BsuS-Bot1 was determined by 
using immune-diffusion test which two fold 
dilutions of the antiserum was prepared till 1/32 
and placed in the peripheral wells 0.8 cm distance 
from the central well containing the specific 
antigen. Data in Figure 6C showed that the titer 
was ½ for the antiserum specific for the vB_BsuS-
Bot1.  Purified vB_BsuS-Bot1 was placed in wells 
cut side by side at equal distance in agarose 
containing antiserum specific for it. As shown in 
Figure 7, formation of rocket shaped precipitation 
bands was appeared in case of relationship of 
vB_BsuS-Bot1 and its dilutions. The obtained 
results mean that, vB_BsuS-Bot1 serologically 
related to its antiserum. Immuno-electrophoresis 
method (Rocket test) is a quantitative method to 
determine the phage concentration in purified 
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suspension. The height of rocket shaped 
precipitation band is linear proportion to the 
concentration of the antigen.   

 
DISCUSSION 

Biological characterization of Bacillus subtilis 
phage was conducted to understand the phage 
interaction with its host. Results showed that 
phage specific for Bacillus subtilis was present in 
the clay soil cultivated with wheat plants. Virulent 
phages specific for B. subtilis were also isolated 
by Hammad (1999) from Egypt and by Krasowska 
et al. (2015) from Poland. 

Handoko et al. (2019) isolated two novel 
Bacillus phages (vB_BspS_SplendidRed and 
vB_BspM_MarvelLand) from soil collected from a 
red chili plantation in Getasan Village, Indonesia. 
While in Korea, Bacillus subtilis-infecting phage 
BSP38 was isolated from a wastewater sample 
(Ghosh and Kim, 2019). Also the viruses Goe2 
and Goe3 were isolated from the same sample of 
raw sewage from Germany (Willms et al. 2017). 
Culture lysis test was used just to indicate the 
presence or absence of Bacillus subtilis phage in 
the Egyptian soil by Hegazi (1980). In this 
investigation one of Bacillus subtilis phages was 
isolated by single plaque isolation method 
depending on plaque characters, i.e shape, size 
and plaque structure as well as many authors 
(Willms and Hertel, 2016; Ghosh et al. 2018). The 
isolated vB_BsuS-Bot1 produces circular small 
central clear area plaques with diameter of 0.2 cm 
(Figure 2). Ghosh et al. (2018) reported that, after 
12 hours of incubation at 37 °C, the phage BSP10 
showed a clear plaque in TA soft agar. Previously, 
Van Elsas and Penido (1981) used plaque 
morphology in characterization of sixteen Bacillus 
pumilus phage isolates. Willms et al. (2017) 
characterized 2 B. subtilis phage signed as Goe2 
and Goe3 depending on virus plaque analysis 
which Goe2 forms wider plaques of about 1.1 mm 
in diameter with peripheral rings than Goe3 which 
forms clear plaques of about 0.6 mm in diameter. 
The isolated vB_BsuS-Bot1 was propagated to 
obtain a large amount of viral particles by the 
liquid propagation technique; it was purified by 
dextran sulfate polyethylene glycol two phases 
system in order to obtain purified concentrated 
particles. The method has been widely used to 
purify and concentrate the phages (Yamamoto et 
al., 1970; Othman et al., 1996; Othman et al. 
2008; Iqbal et al., 2016). Morphology of the 
isolated B. subtilis phage and its dimensions was 
studied by the transmission electron microscope 
after negatively staining. The micro-electrograph 

observed that, the vB_BsuS-Bot1 has isometric 
head (58.6 nm in diameter) and long non 
contractile tail (180 nm in length and 7 nm in 
width). Similarly, many authors reported that, the 
phages specific for B. subtilis have an isometric 
polyhedron (icosahedron), i.e. Pecenkova and 
Paces (1999); Krasowska et al. 2015; Willms et 
al., 2017; Handoko et al. 2020). 

The obtained results showed that vB_BsuS-
Bot1 had a limited host range whereas, the phage 
infected Bacillus subtilis strains only. The results 
of host range analysis obtained in present study 
were similar from those reported by Willms and 
Hertel (2016) and Ghosh et al. (2018). Phage 
vB_BsuP-Goe1 showed only lytic activity on 
various strains of B. subtilis, except for B. subtilis 
natto (Willms and Hertel, 2016). Phage BSP10 
displayed a narrow host range against B. subtilis 
(17 out of 52 strains) (Ghosh et al. 2018).   

Phage vB_BsuS-Bot1 latency time (50 min) 
and burst size (approximately 66 PFU/cell) (Figure 
3) were found to be significantly different 
compared to B. subtilis-infecting Myoviridae family 
phage, BSP10 (latency, 40 min; burst size 
approximately 185) (Ghosh et al. 2018), phiNIT1 
(latency, 30 min; burst size approximately 50) 
(Ozaki et al. 2017), SPO1 (latency, 80 min; burst 
size, 70) (Wei and Stewart, 1993), and vB_BsuM-
Goe3 (latency, 55 min; burst size approximately 
114) (Willms et al. 2017). As suggested by other 
researchers (Bandara et al. 2012; Willms, et al. 
2017; Ghosh et al. 2018), the distinct 
experimental conditions could be the reasons for 
the large variation in the latency period and burst 
sizes. 

Temperature plays a key role in phage 
survival, attachment capacity and latent time 
length (Olson et al. 2004). Thermal inactivation 
point of the isolated vB_BsuS-Bot1 was 60 °C 
after 10 min of incubation. While, Bacillus subtilis  

infecting Siphoviridae phage (AR𝜋) lost its activity 
after 10 min at 70 °C and 3 h at 60 °C (Krasowska 
et al. 2015). Typically, members of Siphoviridae 
family are considered resistant to significant 
variations in temperature (Jonczyk et al. 2011).  

Many essential factors affecting phage 
stability are the acidity and alkalinity of the 
environment. Phage vB_BsuS-Bot1 was stable 
between pH 4 and 7 but the phage titre was 
decreased in a pH of 8-11. On the contrary, phage 
ARπ was active only at a narrow pH range (6.0–
8.0) (Krasowska et al. 2015). 

Inactivation of vB_BsuS-Bot1 by ultraviolet 
(UV) occurred after 30 min of irradiation. On the 
contrary, El-Sayed et al. (2016) reported that 
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Bacillus cereus phage (BCP1) retained 58.7% of 
its activity after 75 min exposure to UV light. 
Moreover, Hazem (2002) stated that both Bacillus 
phages (46 and 80) were extremely resistant to 
UV exposure for 13 min and 20 min, respectively. 
Sunlight-mediated damage to phage particles is 
characterized by the formation of pyrimidine 
dimers (mostly thymine) in DNA caused by direct 
UV-light absorption (Ravanat et al. 2001). 

Typically, a tailed phage possesses double-
stranded (ds) DNA as its genomic nucleic acid. All 
of the Bacillus phages possess dsDNA (Ji et al. 
2015). Genome analysis indicating that vB_BsuS-
Bot1 consisted of dsDNA as previously reported 
by different authors (El-Arabi et al. 2013; Ji et al. 
2015). The genome size of B. subtilis phages was 
known from 18 to 160 kb with different ranges of 
ORFs (15–250), which can be determined 
between 20–60 % of their protein functions 
(Handoko et al., 2020). 

Polyacrylamide gel electrophoresis (SDS-
PAGE) can determine the molecular weights of 
phage proteins, allowing individual protein 
molecules to be detected when viruses are 
isolated and identified from various environments 
(Zimmer et al. 2002). 

Nine structural proteins with molecular 
weights ranged from 34.7 to 88.1 kDa were found 
in the chemical composition of isolated phage. 
The data are within the same range obtained by 
some investigators (Stewart et al. 2009; 
Krasowska et al. 2015, Ozaki et al. 2017). The 
proteins from purified B. subtilis virion (SPO1) 
were separated by electrophoresis of the SDS 
polyacrylamide gel to identify some virion protein 
genes and major head protein was calculated as 
50 KDa (Stewart et al. 2009). Bacillus subtilis 
infecting phage (ARπ) produced three major 
protein bands at molecular masses around 42, 37, 
and 31 kDa and contained at least 14 structural 
proteins (Krasowska et al. 2015). Structural 
proteins of purified B. subtilis virion (ϕNIT1) were 
separated by SDS-PAGE and the molecular mass 
of resulting mature capsid protein was calculated 
as 48.8 KDa (Ozaki et al. 2017). 

Ouchterlony double diffusion test is one of the 
most widely used technique for virus assaying, 
detection and diagnosis because its simplicity, low 
amount of antigen used and providing information 
about homogenicity and purity of antigens. 
Polyclonal antiserum specific for Bacillus subtilis 
phage in this investigation was prepared after 
immunization of rabbits and its specification to the 
phage as antigen was investigated by 
Ouchterlony double diffusion and Rocket tests. 

The both serological tests gave positive reactions 
and similar results were obtained by Van-Elsas 
and Penida (1981). Generally, the serological 
methods have an advantages reported by 
Matthews (1992), among these advantages, 
antisera can be stored and tests made over 
periods of years, the specificity of the reaction 
allows detection of antigen even in the presence 
of the host materials, results can be obtained with 
a short time and small volume of antiserum and 
antigen are sufficient. 

CONCLUSION 
A siphophage of B. subtilis (vB_BsuS-Bot1) 

was isolated from clay soil cultivated with wheat 
plants in Egypt and found to be a new phage with 
a thin tail and a narrow host range. Its lytic cycle 
was 120 min; and host strain specificity was 
strong. Its optimal growth temperature was 30 °C, 
the most suitable pH was 7.0, and was sensitive 
to ultraviolet radiation. Bacillus subtilis siphovirus 
had nine virion structural proteins ranging from 
34.7 to 88.1 kDa. For future research, this study 
will provide biological characteristics of a virulent 
B. subtilis-infecting bacteriophage. Further studies 
will perform to assess genomic and proteomic 
properties of B. subtilis-infecting bacteriophage 
and also the phage typing. 
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