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Bacillus megaterium T04 isolated from Rach Lang stream in Vietnam was tested for antimicrobial activities. The 

antimicrobial activities of Bacillus megaterium T04 (57.3x10
8
 cfu/mL) against Candida albicans, Salmonella 

typhi, Pseudomonas aeruginosa, Staphylococcus sciuri, Micrococcus luteus were detected by agar well diffusion 

method in different cultivation conditions at three temperatures (25, 37, and 45oC) in three incubation periods 

(24, 48, and 72 hours). The efficacy of antimicrobial activities of this strain were determined in comparison with 

ceftriaxone activity against Candida albicans, Salmonella typhi, Pseudomonas aeruginosa, Staphylococcus 

scuiri, Micrococcus luteus. The antimicrobial activity potency was equivalent to ceftriaxone in a range ( 3.3 0.6 

μg/mL to 46.5 6.2 μg/mL) for Candida albicans (0.9 0.2 μg/mL to 35.5 7.7 μg/mL) for Salmonella typhi, , (0.4 

0.1 μg/mL to 28.4 4.4 μg/mL) for Pseudomonas aeruginosa, (119.8 21.2 μg/mL to 283.7 26.0 μg/mL) for 

Staphylococcus scuiri, (3.3 0.4 μg/mL to 64.4 7.4 μg/mL) for Micrococcus luteus. 
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INTRODUCTION 
 

Antibiotics have been the main therapy to combat these 

infections. However, the antibiotic resistance is rapidly 

increasing because of the messy drug usage. Therefore, it is very 

urgent to find out alternative antimicrobial therapies against these 

infections. Commonly, microorganisms living in soil produced 

antimicrobial agents. Remarkably, B. megaterium is found in 

diverse environments from food, seawater, sediments and even in 

bee honey (Vary, 1994). This strain produces high capacity for 

the production of exoenzymes. Hence, it is a potential industrial 

strain for more than 50 years. Some of enzymes and products 

have been used in industrial applications such as penicillin 

amidase used for generation of new synthetic antibiotics, 

amylases (Vihinen and Mantsala, 1989), neutral protease, steroid 

hydrolases, pyruvate and vitamin B12 (Vary, 1992; 2007). 

Bacillus megaterium has also been found to produce 

thermostable lipase during submerged fermentation (Anurag et 

al., 2006), antifungi, and antivirus like HIV, Hepatitis B virus, 

Herpes simplex corneal ulcers (Morita et al., 1999; Shimada   et 

al., 1986;    Shiota et al., 1996;   Tseng et al., 1991).  
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Recently, B. megaterium also could be considered for 

biopolymer production on an industrial scale because the 

possibility that the strain produced and accumulated a large content 

of PHB (Poly-3-hydroxybutyrate) (Rodrıguez, 2013). This 

bacterium has also the ability to decolorize and biodegrade 

different azo dyes. Therefore, Bacillus megterium can be used for 

the treatment textile industry effluents containing various azo dyes 

(Maulin, 2014). B. megaterium is also found in unusual and 

sometimes toxic environments and may have potential as a toxic 

waste cleanup, as it is able to degrade persistent insecticides and 

ultilize them as carbon sources (Saxena et al., 1987; Selvanayagam 

and Vijaya, 1989).  Bacillus megaterium and other members of the 

genus Bacillus are known to produce a wide antimicrobial agents. 

Bacillus megaterium produces bacteriocin, called as megacin, 

which is a highly specific antimicrobial protein against broader 

spectra of gram-negative bacteria, yeasts, fungi and gram-positive 

species as well (Abriouel et al., 2011) (Holland and Roberts, 

1964). Some current bacteriocins are produced by Bacillus 

megaterium, which used on the market, including Megacin C 

(Donoghue, 1972), Megacin Cx (Brusilow & Nelson, 1981), 

Megacin 19 (Khalil et al., 2009b) and Megacin 22 (Khalil et al., 

2009a). Ceftriaxone is a third-generation cephalosporin which has 

excellent activity against many gram-negative, and most gram-

positive 1microorganisms. 

http://creativecommons.org/licenses/by-nc-sa/3.0/
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Ceftriaxone is used in treating bacterial meningitis; 

respiratory tract, urinary tract, soft tissue, bone and joint 

infections; and gonorrhea. Ceftriaxone has been well tolerated 

except for diarrhea, which in most cases has not required a change 

in therapy. Patients who commonly had cross - hypersensitivity 

will be not prescribed ceftriaxone. Therefore, looking for an 

alternative drug is always required. Because B. megaterium T04 

that was isolated in Vietnam, being a tropical country that will 

give many useful products. Therefore, the studies of cultivation 

conditions and potency and efficacy evaluation on antimicrobial 

activities of B. megaterium T04 were necessary. 

 

MATERIALS AND METHODS 
 

Sample preparation 

Bacillus megaterium T04 isolated in Rach Lang stream in 

Vietnam was deposited in DNA Data Bank of Japan (DDBJ) with 

accession number LC052666. After incubation, the B. megaterium 

T04 cultures were centrifuged at 10.000 rpm for 15 min at 4
o
C. 

The collected cell free supernatant (CFS) was used for 

antimicrobial activity tests and starch hydrolysis ability test. 

LB medium was used as a nutrient supplier for pathogen 

growth. LB agar plates with 2% agar were used in antimicrobial 

tests. Ceftriaxone was used to compare the activity to Bacillus 

megaterium T04 cultures. The purpose of this step was to 

determine potency antimicrobial activity of Bacillus megaterium 

T04 cultures.  

 

Test microorganisms and cultivation conditions 

 The test microorganisms in this study included in 

Candida albicans (ATCC 10231) (yeast), the Gram-negative 

pathogens Salmonella typhi (ATCC 19430) and Pseudomonas 

aeruginosa (ATCC 27853), the Gram-positive pathogens 

Staphylococcus sciuri (ATCC 29061) and Micrococcus luteus 

(ATCC 10240). Each of these microorganisms was inoculated into 

LB broth at 37
o
C for 24 hours. The microorganism density of each 

culture was checked by measuring optical density at 600 nm in 

wavelength. In order to make uniform cultures of test pathogens, 

the OD600 of these cultures was adjusted to reach 0.2. All these 

pathogenic cultures were used as indicators for antimicrobial 

activity test.  In order to study the effects of temperature and 

incubation time on Bacillus megaterium T04 biological activities, 

Bacillus megaterium T04 was incubated at different temperatures 

(25, 37, 45
o
C) in different periods of time (24, 48, 72 hours).  

 The 24-hour culture of Bacillus megaterium T04 was 

cultivated in LB medium at 37
o
C overnight to reach OD600 = 

1.350. Then, 0.5 mL of this pre-culture was transferred into each 

medium with specific conditions of incubation. When the cultures 

obtaining a suitable bacterial amount (57.3x10
8
 cfu/mL), the 

cultures were used for antimicrobial activity test. 

 

Agar well diffusion method  

 The antimicrobial test was done by applying agar well 

diffusion method (Cleidson et al., 2007). 20 μL of prepared 

pathogenic microorganism culture was spread uniformly onto LB 

agar plate by using a sterile glass spreader. Then, wells were made 

on these pathogens containing LB plates by using a sterile cork 

borer (6 mm in diameter).  

Each well was fulfilled with 100 μL cell free supernatant 

collected from cultures of Bacillus megaterium T04. The systems 

were incubated at room temperature (RT). The results were 

recorded by observation and measurement of inhibition zones 

around the wells.  

 

Potency and efficacy evaluation 

In order to evaluate the potency and efficacy of the 

antimicrobial activities of Bacillus megaterium T04, ceftriaxone 

was used to compare.  

The cultures (57.3x10
8
 cfu/mL) prepared in antimicrobial 

testing part were used to evaluate the potency and efficacy in 

antimicrobial activity.  

Different concentrations of ceftriaxone (10 mg/mL, 1 

mg/mL, 0.1 mg/mL, 0.01 mg/mL, 0.001 mg/mL, 0.0001 mg/mL) 

were assayed their activity against C. albicans, S. typhi, P. 

aeruginosa, S. sciuri, and M. luteus. Based on the ceftriaxone 

activity curves and minimal inhibitory concentration (MIC) of 

ceftriaxone, the antimicrobial activity potency and efficacy could 

be determined. All the tests were triplicated. 

 

Statistical analysis 

 All the results obtained in the study were subjected to 

statistical treatment using SPSS software version 16.0. General 

linear model followed by post-hoc test was used to compare means 

of growth inhibition zones made by Bacillus megaterium T04 

under different conditions.  The significance of differences 

between the diameters of inhibition zones was determined at 

p=0.05. 

 

RESULTS AND DISCUSSION 
 

Effects of incubation temperature 

The results revealed that Bacillus megaterium T04 could 

produce inhibition zones against pathogens at conditions of 

cultivation at 37
o
C (in the tests against Staphylococcus sciuri and 

Micrococcus luteus) and at 25
o
C (in the test against 

Staphylococcus sciuri). However, the negative results only 

detected in 72-hour cultures in LB medium at 45
o
C (in the tests 

against Candida albicans, Salmonella typhi, Staphylococcus 

sciuri, and Microccocus luteus (Figure 1, Table 1). 

 By statistical analysis, there were significant effects of 

cultivation medium and incubation time on the antagonistic 

activities of this Bacillus megaterium T04 strain against all test 

pathogens used in this study. Also, the result showed that 

incubation temperature affected significantly on the antimicrobial 

activity of the Bacillus megaterium T04 strain against almost test 

pathogens, except the unchangeable activities against 

Staphylococcus sciuri when Bacillus megaterium T04 was 

cultured in different temperature (Figure 1).  
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The difference in activities with different incubation temperature 

suggested that there were different antimicrobial agents produced 

by Bacillus megaterium T04. Remarkably, Bacillus megaterium 

T04 that could act on Candida albicans, Staphylococcus sciuri and 

Microccocus luteus wasn’t reported in studies on antimicrobial 

activities of Bacillus megaterium of Malanicheva et al. (2012). 

 

Effects of cultivation time 

The antimicrobial activities of the Bacillus megaterium 

T04 were checked in different conditions of cultivation time.   The  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

result of this test was shown in figure 2, table 1. The difference in  

activities in different incubation time suggested that there were 

different antimicrobial agents produced by Bacillus megaterium 

T04. 

In the combination with the activities produced in 

different incubation of Bacillus megaterium T04, this strain could 

produce different antimicrobial agents in different stages.  

Exploiting these properties of this strain, further studies will be 

done to develop a suitable Bacillus megaterium T04 formulation 

or its product for pharmaceutical science as well as life science.  

Table 1: Activities of Bacillus megaterium T04 against pathogens. 

Cultivation condition 

(medium/
o
C/hrs) 

Diameter of inhibition zone (mean ± SD, mm) against  pathogens 

C. albicans S. typhi P. aeruginosa S. sciuri M. luteus 

LB/25
o
C/24 3.3±0.6 4.7 ± 0.3 4.3 ± 0.6 8.5 ± 0.5 18.7 ± 0.6 

LB/25
o
C/48 5.2 ± 0.8 4.7 ± 0.8 12.7 ± 0.6 9.3 ± 0.6 6.3 ± 0.6 

LB/25
o
C/72 4.7 ± 0.6 4.3±0.6 15.7 ± 0.6 ND 4.3 ± 0.6 

LB/37
o
C/24 7.7 ± 0.6 9.3 ± 0.6 13.2 ± 0.8 10.3±0.3 12.3 ± 0.6 

LB/37
o
C/48 13.5±0.5 9.7 ± 0.3 14.7 ± 0.3 7.7 ± 0.6 14.2± 0.3 

LB/37
o
C/72 10.8±0.3 10.2 ± 0.3 10.8 ± 0.3 ND ND 

LB/45
o
C/24 7.5±0.5 16.8 ± 0.8 19.7 ± 0.6 8.7 ± 0.6 9.3 ± 0.6 

LB/45
o
C/48 5.7 ± 0.6 6.7 ± 0.6 11.3 ± 0.6 7.8± 0.8 8.3 ± 0.6 

LB/45
o
C/72 ND ND 4.7 ± 0.6 ND ND 

ND: not detected 

 

 
Fig. 1: Effects of three cultivation temperatures on antimicrobial activities of Bacillus megaterium T04, done by post-hoc tests. 

 

 
 

Fig. 2: Effects of three cultivation time on activities of Bacillus megaterium T04, done by post-hoc. 
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Potency of antimicrobial activity of Bacillus megaterium T04 

cultures in comparison with ceftriaxone 

 In order to study the antimicrobial activity potency of 

Bacillus megaterium T04 to, ceftriaxone was used as reference for 

comparison to the activity of the Bacillus megaterium T04 

cultures. The equivalent concentration of ceftriaxone to the 

antimicrobial activity of Bacillus megaterium T04 was shown in 

table 2.  According to the activity of ceftriaxone on each pathogen, 

the detected antimicrobial activity potency of Bacillus megaterium 

T04 against C. albicans was minimum at 3.1 ± 0.5 μg/mL and 

maximum at 46.5±6.2 μg/mL of ceftriaxone. The detected 

antimicrobial activity potency of Bacillus megaterium T04 against 

Salmonella typhi ranged from 0.9 ± 0.2 to 35.5 ± 7.7 μg/mL of 

ceftriaxone. In the test against Pseudomonas aeruginosa, the 

detected antimicrobial activity potency of the Bacillus megaterium 

T04 strain was equivalent to ceftriaxone activity at the 

concentration from 0.4 ± 0.1 μg/mL to 28.4 ± 4.4 μg/mL. For 

Staphylococcus sciuri, the detected antimicrobial activity potency 

was from 119.8± 21.2 μg/mL to 283.7± 26.0 μg/mL of ceftriaxone. 

Similarly, the detected antimicrobial activity of Bacillus 

megaterium T04 against Micrococcus luteus was evaluated to 

range from 3.3 ± 0.4 μg/mL to 64.4 ± 7.4 μg/mL of ceftriaxone. To 

understand the efficacy of Bacillus megaterium T04 against the 

pathogens, the antimicrobial activity capacity was compared with 

the in-vitro MICs of ceftriaxone on each pathogen. As a result, the 

Bacillus megaterium T04 could give the strong inhibition effects 

on all test pathogens (C. albicans, S. typhi, P. aeruginosa, S. 

sciuri, and M. luteus) since they could produce antimicrobials at 

higher concentrations than the in-vitro MICs of ceftriaxone (Table 

2, table 3).    

 

Table 3: In vitro minimal inhibitory concentrations (MICs) of ceftriaxone 

against some pathogens. 

Pathogens In vitro MICs of ceftriaxone against test 

pathogens (μg/mL) 

C. albicans 52.8 

S. typhi 15.1 

P. aeruginosa 5.8 

S. sciuri 935.6 

M. luteus 24.29 

 

Bacillus megaterium T04 presented broad spectrum of 

antimicrobial activity since it showed the potency and  efficacy   to 

 

 

 

 

 

 

 

 

 

 

 

 

 

against gram-negative (Salmonella typhi, Pseudomonas 

aeruginosa), gram-positive pathogens (Staphylococcus sciuri, 

Micrococcus luteus), and the yeast pathogen (Candida albicans). 

This is a positive sign for the application of this Bacillus 

megaterium T04 strain isolated in Vietnam conditions to 

pharmaceutical field. Hopefully, the antimicrobial agents of 

Bacillus megaterium T04 will be used in alternative for patients 

being hypersensitivity to beta-lactam drugs. 

 Culture conditions, including culture medium, incubation 

temperature, incubation period, and also the interactions of these 

factors had considerable effects on the exhibition of antimicrobial 

activity of the Bacillus megaterium T04.  

 

CONCLUSION 
 

 Bacillus megaterium T04 was preliminary detected to 

have a broad spectrum of antimicrobial activity against fungi 

(Candida albicans), Gram-positive bacteria (Staphylococcus 

sciuri, Micrococcus luteus), and Gram-negative bacteria 

(Salmonella typhi, Pseudomonas aeruginosa). The antimicrobial 

agents produced in Bacillus megaterium T04 could be stronger 

than ceftriaxone, one of third-generation of cephalosporin. 

Therefore, Bacillus megaterium T04 would be a potential source 

for antimicrobial agents. 
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