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Abstract: Bacillus subtilis B5, Bacillus subtilis H12 and Bacillus subtilis VI are high protease-
producing bacteria selected from various domestic laboratories. The suspensions in logarithmic growth
phase and nutrient agar plates inoculated these bacteria were irradiated at dose ranging 0-3000 Gy
under gamma Cobalt-60 source at Hanoi Irradiation Center. In both cases of irradiation treatment, the
viability of Bacillus subtilis strains was much affected by gamma radiation and the survival rate of
bacteria decreases with the increasing dose. The rate of high protease-producing mutation in three
kinds of Bacillus strains seems to be greater at the dose range of 700-1500 Gy, at which the survival
cells of bacteria was reduced by 3-4 log unit. In this study, the effect of gamma irradiation at different
doses to mutation frequency of antibiotic resistance (rifampicin 0.2 µg/ml and streptomycin 20 µg/ml)
of Bacillus subtilis strains is also investigated. The results show that the mutation frequency of
antibiotic resistance was improved significantly by radiation treatment. The frequency of rifampicin-
resistance reached the highest value at dose of 2000 Gy, 0.93-5.46x103 times higher than the frequency
of spontaneous mutation. On the other hand, the highest streptomycin mutation frequency was
obtained by irradiation at 1000 Gy. After the first screening, 82 potential 0.2 µg/ml rifampicin-
resistant and 25 potential 20 µg/ml streptomycin-resistant colonies with higher production of protease
than original strain were selected from the irradiated Bacillus subtilis B5 and H12. In the subsequent
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screening, some mutants having 2-2.5 times higher of protease activity than that of parent strain were
obtained by using the culture medium containing incrementally higher antibiotic concentrations. The
results of PCR, clonning and sequencing techniques proved that the antibiotic-resistance of Bacillus
subtilis due to mutate in rpoB gene involved in these bacteria’s protease synthesis ability.
Keyword: Bacillus subtilis, gamma irradiation, streptomycin, rifampicin, survival, mutation frequency,
protease, rpoB gene.

I. INTRODUCTION

Enzymes are natural catalysts synthesized by living organisms to increase the rate of chemical
reactions required for life. They have been applied in many various fields from food industry to
pharmaceutics and cosmetics. At present, most industrial enzymes are produced by microorganisms
because microbial enzymes are more stable than their corresponding plant and animal enzymes.

Moreover, the activity of the microbial enzyme can be easily modified and their production is
more convenient and safer. It is estimated that there are about 200 microbial original enzymes are
commercialized [1-3]. Proteases are enzymes that hydrolyze proteins into smaller peptides and free
amino acids. And microbial proteases have been widely used in food processing, feed production
and other industrial applications [4]. Bacillus species are the main producers of various enzymes in
industrial scale, and Bacillus subtilisis frequently used for the production of extracellular proteases
[5].

Microbial genome may be modified by physical and chemical mutagenesis such as UV light,
γ-ray, antibiotics… in order to increase their level of enzyme production of the wild-type [6].
Among the physical mutagens, ray, one of the radiation emit from the disintegration of 60Co
radioisotopes, is the most commonly used mutagen in practice. Gamma radiation induced reactive
oxygen species (ROS) that react with DNA, RNA in the irradiated cell, resulting in damages in
nucleic acids and nucleotides, leading to mutations or even cell death [6-8]. In some cases, it can
create useful mutations at specified locations in genome [9]. Therefore, gamma radiation was
considered as an appropriate method to induce microbial mutants for selecting the strain having
specific characteristics such as radiation sensitivity, radiation or antibiotic resistance [7].

Recently, ribosome engineering has developed for changing the secondary metabolic
function of the wild-type strains and screening potential mutant strains [10]. Streptomycin is an
antibiotic, which acts as a potent inhibitor of prokaryotic transcription initiation, can be used to
study transcription in bacteria. Ochi K. reported that streptomycin likely attacked to ribosome
complexes or RNA polymerase in order to alter the transcription and the translation of
microorganism, thus improving enzyme productivity without modifying the genes of the original
strain [11]. Several streptomycin resistant mutants of Bacillus subtilis have been found to produce
increasing amounts (20–30%) of amylase and protease. In addition, rpoB mutations created by
rifampicin mutagen were effective for the overproduction (1.5- to 2-fold) of these extracellular [12]

In Vietnam, various strains of useful bacteria have been isolated and exploited for agricultural
industrial and medical applications. However, the mutant strains seem not to be used regardless
their advantages in production of primary or secondary products. In recent years, there are some
achievements in radiation-induced mutagenesis technique, which have been applied in practice.
Unfortunately, most radiation-induced mutations are predominantly point mutations, though the
direct action of radiation tends to form larger genetic changes. Combination of radiation and
ribosome engineering can reduce screening time, but produce the broad spectrum of mutations with
increasing mutation rates. Moreover, it found that the mutagenic effects of radiation are the causes
of the development of antibiotic resistance in the exposed colonies [13]. Therefore, gamma
radiation and two kind of antibiotic (rifampicin and streptomycin) have been applied as mutagens in
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the present study for screening potential antibiotic resistance mutations, which improved protease
production from Bacillus subtilis.

II. EXPERIMENTAL

2.1. Material

A rather high protease-producing strain, Bacillus subtilis B5, Bacillus subtilis H12 and
Bacillus subtilis VI were selected from various domestic laboratories

Nutrient Agar (NA) and nutrient Broth (NB) media were purchased from Difco, USA.
Streptomycin, CH3COOH, amido black, casein at analytical grade were bought from Sigma. Other
chemicals were bought from Wako, Japan and agar from a domestic company.

Chemicals and indicators for molecular biology techniques are purity grade.

2.2. Methods

2.2.1. Preparation of Bacillus subtilis suspension in log growth phase

A loopful of Bacillus subtilis was taken from the NA plate, put in NB medium, cultured and
shaken at 37C for 24 hours. After that, 0.5 ml of this suspension was dispersed in 50 ml NB in a
100 ml Erlenmeyer flask, and incubated at the same condition to reach log growth phase.

2.2.2. Gamma irradiation

The test tubes containing 10 ml of bacteria suspensions in logarithmic growth phase and agar
plates inoculated by 0.1 ml of these suspensions at appropriate concentrations were irradiated in
duplicate. The radiation processing was carried out at the same dose rate with the radiation doses
ranging from 0.1 to 3.0 kGy under gamma ray 60Co source at Hanoi Irradiation Center. Actual
absorbed doses were measured by Gammachrome YR dosimeters.

2.2.3. Calculation the rate of high protease producing mutation obtained by gamma
irradiation

The irradiated suspensions were coated on the NA plate medium. Single colonies from the
plate were randomly selected (50 colonies for each dose) and inoculated in NB medium for
determining protease activities (the method is described in the 2.2.5). Compared the diameter of
halo zone with the original strains, those with 10% increase were regarded as mutated, while those
less than 10% were not mutated. The mutation rate of each irradiation dose is calculated as
following formula:

Mutation rate (%) = (The number of mutation colonies/Detected colonies) x100%

2.2.4. Screening potential rifampicin/streptomycin resistant mutations

The ten-fold serial dilutions of the irradiated suspensions were prepared in saline pepton, then
0.1 ml of the diluted suspensions were placed on NA plates, incubated at 37C for 24 hours for
determining the effects of gamma radiation on bacterial survival. In parallel, 0.1 ml of these cell
suspensions were put on the plates of NA containing 0.2 µg/ml of rifampicin (or 20 µg/ml of
streptomycin) for screening potential antibiotic resistance mutations. The same volume of non-
irradiation cells was also cultured as negative control.

After incubation period, the survivals were counted as colony forming units (CFU) grown in
the medium with and without 0.2 µg/ml of rifampicin (or 20 µg/ml streptomycin) from the same
irradiated suspension. Mutation frequency was determined as the ratio of the survived colony
number in the medium containing rifampicin (or streptomycin) and those in pure NA medium at
various doses.
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2.2.5. Isolating extracellular proteases and determining their activities

The potential antibiotic resistance mutations of gamma irradiated Bacillus subtilis were used
for selecting high protease producing strains. Each colony was inoculated into a 700 µl NB in
Eppendorf tubes, incubated at 37°C under shaking condition (120 rpm) for 24 hours. The crude
enzyme was obtained by centrifugation of the cell culture at 10000 rpm, at 4°C for 10 min.

Agar was prepared together with 0.1 % (w/v) casein and poured in petri dishes. The plates
were solidified for 30 min and holes (5 mm diameter) were punched. 30 µl of each crude enzyme
was loaded into a corresponding hole. These plates were incubated at 37°C overnight and amido
black reagent was flooded to all plates for 20-30 min at room temperature. Finally, the clear distinct
zone appeared after dyeing the casein agar plate was observed and photographed. The colony
having larger halo zone, namely high enzyme activity were selected as potential protease producing
mutation for further screening.

In the subsequent screening, potential protease producing colonies were cultured in the NA
medium, which contained incrementally higher antibiotic concentrations to select the greatest
protease producing mutations.

2.2.6. Analysis and identification of mutations

Molecular biology techniques such as PCR, clonning and sequencing for the rpoB and rpsL
genes involved in the protease synthesis of Bacillus subtilis have been used to identify and
analyze the mutations of selected colonies that have the greatest protease producing ability.

III. RESULTS AND DISCUSTION

3.1. Effect of gamma radiation on the growth of Bacillus subtilis

The growth of the irradiated cells was observed to evaluate the radiation effects on viability of
Bacillus subtilis. After irradiation, all irradiated cell suspensions were immediately inoculated on
the same NA plate (5 µl for each), incubated at 37C for 24 hours. The same amount of non-
irradiated suspension was also inoculated on the petri dish for comparison. It was found that there
were obvious differences in the colony density between irradiated and non-irradiated bacteria
samples (Fig. 1- left). The number of colonies seems to depend on irradiation dose. From the dose
higher than 500 Gy the number of colonies quickly reduced, even only 1 or 2 colonies were
observed when the sample was irradiated at 3000 Gy.

0 500 1000 1500 2000 2500 3000
0

1

2

3

4

5

6

7

8

9

Lo
g 

ce
ll 

su
rv

iv
al

 (C
FU

/m
l)

Dose (Gy)

A-Bacillus subtilis B5



VINATOM-AR 16--19

The Annual Report for 2016, VINATOM 177

0 500 1000 1500 2000 2500 3000
0

1

2

3

4

5

6

7

8

Lo
g 

ce
ll s

ur
viv

al 
(C

FU
/m

l)

Dose (Gy)

B- Bacillus subtilis H12

0 500 1000 1500 2000 2500 3000
0

1

2

3

4

5

6

7

8

Lo
g 

ce
ll s

ur
viv

al 
(C

FU
/m

l)

Dose (Gy)

C-Bacillus subtilis VI

Figure 1: Growth of Bacillus subtilis irradiated with various radiation doses
compared to non-irradiated one (left); Effects of gamma irradiation treatment on the
viability of Bacillus subtilis (right): ●- Cell survival on irradiated NA plates - line

below and ■- Cell survival in irradiated suspensions- line above

It is obviously that bacterial viability was much affected by gamma radiation. In both cases of
irradiation treatment, cell survival was reduced with increase of radiation dose. The effect of
radiation on 3 kind of Bacillus subtilis were expressed as Log cell survival in CFU/ml with
radiation dose (Fig.2-right). The results revealed the dose-dependent viability of the irradiated
bacteria was biphase curve with reduction of radio-sensitivity of the survivors irradiated up to dose
1500 Gy. It may be due to bacterial aggregation during irradiation, resulting in formation of the
larger cell clusters with higher radio-resistant [14].

Study on the viability of Bacillus spore with gamma radiation, Yoon Ki-Hong et al. [15]
indicated that the survival fraction of irradiated spores of Bacillus sp.79-23 exponentially decreased
in the dose ranging from 0.5 to 5 kGy. At 3 and 5 kGy, the number of survival spores was 5% and
1%, respectively.

In other study, Bacillus sp. NMBCC 10023 originally isolated from soil was irradiated with
doses of 1-40 kGy. The survival rate of the bacterial culture decreased exponentially with
increasing irradiation dosage. Guijun et al. [16] reported that lethal rate of Bacillus subtilis NCD-2
increased with irradiation dose, the lethal rate of the bacteria irradiated at 1000 Gy reached 99.50%.
Afsharmaesh et al. also found the reduction of survival fraction of Bacillus subtilis UTB1 by
radiation follows a rather linear model [17].
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These differences could be attributed to the environmental factors that affect the survival of
irradiated cell such as temperature, phase of growth, the nature of gaseous environment, chemical
composition of the medium as well as physiological condition of individual cells and their potential
for repairing.

3.2. Effect of gamma radiation on the rate of high protease-producing mutation

The mutation frequency was mostly related to the dose of irradiation. We found that the rate
of high protease-producing mutation in three kinds of Bacillus strains seems to be greater at dose
ranging from 700 to 1500 Gy, at which survival cells of bacteria decreased by 3-4 log unit in
comparison with the non-irradiated wild types (Table 1). This finding corresponded to a study by
Afsharmanesh et al., which showed that the highest mutation ratio of Bacillus subtilis UTB1 with
higher inhibition activity against A. flavus R5 was obtained when the survival rate of this bacterium
was reduced by 1000-10000 fold. [17]

Table 1: The rate of high protease-producing mutagenesis at different doses

Irradiation dose
(Gy)

The rate of high protease-producing mutations (%)

Bacillus subtilis B5 Bacillus subtilis H12 Bacillus subtilis VI

100 5.00±0.50 6.00±0.00 4.33±0.28

300 7.33±0.67 7.67±0.39 5.67±0.28

500 8.00±0.37 8.33±0.56 7.67±0.28

700 13.00±0.67 12.33±0.56 15.33±0.44

1000 14.33±0.72 17.00 ±0.67 16.00±0.33

1500 12.67±0.37 16.33±0.78 15.67±0.56

2000 7.33±0.44 9.00±0.50 10.33±0.28

3000 5.33±0.28 7.00±0.50 8.67±0.44

3.3. Frequency of antibiotic-resistant mutant

One advantage of ribosome engineering is the ability to select the drug-resistant mutants, even
at frequencies as low as 10-9-10-11 [10]. In this study, rifampicin and streptomycin were used in
combination with irradiation treatment to increase the selective pressure, mutation rate, and reduce
the screening time for the potential mutations.
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3.3.1. Frequency of rifampicin-resistant mutant

A B

Figure 2: Frequencies of antibiotic-resistant mutation of Bacillus subtilis exposed
to gamma ray at various doses (A- Rifampicin-resistant mutation frequency;

B- Streptomycin-resistant mutation frequency)

Figure 2A showed that the spontaneous frequencies of rifampicin-resistant mutation were
about 3.26x10-5, 7.6x10-5 and 8.4x10-5 for Bacillus subtilis B5, Bacillus subtilis H12 and Bacillus
subtilis VI, respectively. The mutation frequency was improved significantly by radiation treatment
and reached the highest values at dose of 2000 Gy (1.78x10-1, 1.17x10-1 and 0.78x10-1

corresponding to Bacillus subtilis B5, H12 and VI), 0.93-5.46x103 times higher than the frequency
of spontaneous mutation. At the dose of 2500 and 3000 Gy, the mutation frequency tends to
decrease.

Studies on the resistance of rifampicin150 μg/ ml of E.coli, Al-Sudany et al. found that the
spontaneous mutation frequency of this strain was 0.48x10-12 and was enhanced by gamma
irradiation. The highest frequency was 3.4x1-12 at dose of 1 Gy [Al-Sudany GAAH & cs, 2010].

3.3.2. Frequency of Streptomycin-resistant mutant

Resistance to streptomycin is often mediated by mutations within rrs, a 16S rRNA gene, or
rpsL, which encodes the ribosomal protein S12- lying on the small region of ribosome [11].

Because no streptomycin resistant mutation can be observed in the plate inoculated with the
cells irradiated with dose higher than 1200 Gy, only the mutations from the cells irradiated at the
dose below 1000 Gy were investigated. In Figure 2B, the cells were irradiated with dose of 100-
1000 Gy. As one can see that the mutation frequency increased with the rising radiation dose. The
highest mutation frequency was determined as 1.6110-3, 1.68x10-2 and 2.22x10-2 (for Bacillus
subtilis B5, Bacillus subtilis H12 and Bacillus subtilis VI, respectively) obtained by irradiation at
1000 Gy. The smallest ones 3.09x10-6, 5.52x10-5, 7.35x10-5 and 3.0910-6 were induced by
irradiation at 100 Gy. The data also revealed that the frequency of spontaneous mutation were
about1.78 x10-6, 1.52x10-6 and 6.67x10-6 for Bacillus subtilis B5, Bacillus subtilis H12 and Bacillus
subtilis VI, respectively. These results suggested that the resistivity of the irradiated bacteria to
streptomycin was somewhat improved by radiation treatment

3.4. Protease activities of antibiotic resistant mutations

Protease activities of the crude enzymes secreted from the potential rifampicin and
streptomycin resistant colonies which grown on the NA containing 0.2 μg/ml rifampicin/or 20
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μg/ml streptomycin of three kind of irradiated Bacillus subtilis were determined by well diffusion
method.

Formation of halo zone around the colony, resulting from casein hydrolysis, is regarded as
evidence of proteolytic activity. The protease activity was determined by the size of this clear zone
as showed in Figure 3. The higher activity of protease the colony had, the larger clear zone was
appeared. The diameter of clear zone is therefore proportional to the enzyme concentration. Among
the clear zone forming colonies, only larger zone forming colonies were selected as potential
mutants for further study.

After the first screening, 82 potential 0.2 µg/ml rifampicin-resistant and 25 potential 20 µg/ml
streptomycin-resistant colonies with higher production of protease than original strain were selected
from the irradiated Bacillus subtilis B5 and H12. No potential colonies were chosen from the
antibiotic-resistant colonies of irradiated Bacillus subtilis VI.

In the subsequent screening, 17 colonies (7 colonies derived from irradiated Bacillus subtilis
B5 and 10 colonies derived from irradiated Bacillus subtilis H12) having 2-2.5 times higher of
protease activity than that of parent strain were obtained by using the culture medium containing
incrementally higher antibiotic concentrations.

Figure 3: Casein hydrolyses of the crude proteases secreted by rifampicin resistant mutants
(2, 6 and 1379 mutant strains) of the irradiated Bacillus subtilis H12 (clear zones in black

and red frames were produced by the parent and potential mutant, respectively).

3.5. Detection of mutations in rpoB and rpsL gene

The techniques such as PCR, clonning and sequencing for the rpoB and rpsL genes involved
in the protease synthesis of Bacillus subtilis have been used to identify and analyze the mutations of
selected colonies which have the greatest protease producing ability.
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Figure 4: Sequence analysis of rpoB gene of Bacillus subtilis H12 and 2, 6
and 1379 mutant strains derived from Bacillus subtilis H12

(mutation sites were shown by red arrow shapes)

Sequence analysis of rpoB gene showed that all of those also carried point mutation. Out of
all Rifrmutant sequenced from H12 strain, 100% were found to consist the same C to A transition at
151 site. In addition, mutations were found at G487C (one isolate), C488T (one isolate), G135A
(one isolate) and A197G (one isolate) when sequencing of the rpoB gen of Strr and Rifr B5 strain.
No mutation was detected on rpsL gene in all analyzed strains. It suggested that various types of
point mutations mapped in rpoB gene encoding the RNAP β-subunit increased the antibiotic-
resistant Bacillus subtilis’surviving ability and regain the ability to produce more and more
protease. The obtained results are also suitable for published articles [10, 11].

IV. CONCLUTION

The viability of Bacillus subtilis strains was much affected by gamma radiation at doses
ranging from 0.1 to 3.0 kGy and the survival rate of bacteria decreases with the increasing dose.
The rate of high protease-producing mutation of Bacillus strains seems to be greater at the dose
range of 700-1500 Gy, at which the survival cells of bacteria was reduced by 3-4 log unit. The
frequency of rifampicin-resistance (0.2 µg/ml) reached the highest value at dose of 2000 Gy, 0.93-
5.46x103 times higher than the frequency of spontaneous mutation. While, the highest streptomycin
mutation frequency (2 µg/ml) was obtained by irradiation at 1000 Gy.

Gamma radiation and two kinds of antibiotic have been applied as mutagens for screening
antibiotic resistance mutations, which have 2-2.5 times higher protease activity than that of wild
type strains of Bacillus subtilis. The results of PCR, clonning and sequencing techniques proved
that the antibiotic-resistance of Bacillus subtilis due to mutate in rpoB gene involved in these
bacteria’s protease synthesis ability. This study is the basis to establish a new method of creating
high protease-producing mutants from Bacillus subtilis.
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