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ABSTRACT

The purpose of this study was the evaluation of soil origin Brevibacillus for production of bioactive compounds.
Nowadays bioactive compounds are considered the sources of new remedy in order to eliminate antibiotic-
resistant bacteria. To perform the study, two strains of Brevibacillus with potent activity for production of
bioactive compounds were isolated from 121 soil samples. Phenotypic and 16SrRNA sequencing identification
of the isolates recognized them as Brevibacillus reuszeri (B12 bioactive compound producer) and Brevibacillus
formosus (B22 bioactive compound producer). The bioactive compounds produced by the bacteria were
partially purified and characterized based on their antimicrobial activities at various  pHs and temperatures
and proteinase K. Then, activity of the bioactive compounds was assessed against different pathogenic
microorganisms. The results obtained indicated that activity of the compounds when treated with proteinase
K was inhibited. The optimum pH for both the isolates was 7 and potent activity of the bioactive compound
B12 was observed at 35°C while for  B22 was at 40°C.  Although,  Bacillus cereus, Staphylococcua aureus,
E. coli and Salmonella typhi were sensitive, Pseudomonas aeruginosa and fungi (Candida albicans and
Aspergillus niger) were resistant to the both bioactive compounds. Therefore, Brevibacillus  with potent
activity for production of antimicrobial metabolites, and fast growth character may be considered as a good
probiotic agent for commercial industries.
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INTRODUCTION

Bioactive compounds are a group of compounds produced
by microorganisms with antimicrobial property. Antibiot-
ics and bacteriocins are bioactive compounds with different
antimicrobial spectrum and property. These compounds dif-
fer from each other based on their production. Bacteriocins
are produced in the exponential phase while, antibiotics are
produced in the stationary phase. Therefore, bacteriocins are
primary metabolites, whereas antibiotics are secondary
metabolites (Oscariz & Pisabarro 2001).

Nowadays high frequency of occurrence of antibiotic
resistant bacteria culminates in serious attention on produc-
tion of another bioactive compound such as bacteriocins. In
addition, preservation of food with safe compounds is also
another demand to reduce the rate of antibiotic resistant
strains of pathogenic bacteria, and in this regard production
of bioactive compounds by probiotics is a major field of in-
vestigation (Gillor  et al. 2005).

Although lactic acid bacteria are most famous probiotic
microorganisms, spore forming bacteria have also been stud-
ied as probiotics (Sanders et al. 2003).

Brevibacillus species is spore forming bacteria living in
the soil. This genus previously was belonging to the genus
Bacillus and reclassified based on their gene sequence
analyses in 1996 (Shida et al. 1996). However, Brevibacillus
brevis was studied for its biocontrol property against plant

pathogens (Edwards & Seddon 2001), but less information
is available concerning to their ability for production of
bioactive compounds.

Therefore, in order to achieve information concerning to
production of bioactive compounds by Brevibacillus, the
present study was conducted to isolate and identify the bac-
teria from soil and their evaluation for production of bioactive
compounds.

MATERIALS AND METHODS

Sample collection: Hundred and twenty one soil samples
were collected from five locations in Shiraz in southern Iran.

Isolation of spore forming bacteria from soil was carried
out by serial dilution of soil sample (10-1- 10-7), followed by
heating at 80°C for 10min. Then, 0.1mL of each dilution
was transferred onto Brain Heart infusion agar and the plates
were incubated at 35°C for 24h. Following the observation
of colonies, each colony was picked up and subjected to bac-
teriocin production assay.
Screening of bioactive compound producing bacteria: The
soil samples were diluted from 10-1   to 10-7. Then, 0.1 mL
from 10-4 - 10-7 dilution was cultured on the Brain Heart In-
fusion agar. The plates were incubated at 35°C for 24 hours.
Following the incubation, the bacterial colonies were puri-
fied and subjected to the production of bacteriocins using
well-diffusion agar method.

http://www.neptjournal.com
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To perform the experiment the bacterial colonies were
separately inoculated into hundred milliliters of trypticase
soy broth in conical flask (250 mL) and incubated at 35°C,
200 rpm for 24h. Then, 5mL of each culture broth was cen-
trifuged at 12000 rpm for 30 min (Baserisalehi & Bahador
2012) and the supernatant was assessed for antimicrobial
property against bioassay strains of bacteria viz., E. coli
PTCC 1330 and Staphylococcus aureus, PTCC 1337.

Screening of bacteriocin producing strains was done by
Well Diffusion Agar (WDA) method. The experiment was
carried out by cultivation of the bioassay strain on Mueller
Hinton agar and then the wells (5 mm in diameter) were made
in plate agar using sterile sharp borer. After that, 100 µL of
each supernatant was added to the each well and the plates
were incubated at 35°C for 24h. Screening of the promising
strain for production of bacteriocin was carried out by ob-
servation of growth inhibition zone around the well filled
with the bacterial metabolite.
Identifications of bioactive compound producing bacte-
rial strains: Bioactive compounds producing bacteria were
presumptively identified by microscopic and macroscopic
analysis viz., Gram stain and colony morphology, respec-
tively. Then, biochemical tests such as O/F, Nitrate, TSI and
Urease, were done based on Bergey’s Manual of Systematic
Bacteriology (Garrity 2009). Authentication of the bioactive
strains was done by 16SrRNA gene DNA sequencing. To
perform the experiment DNA extraction was carried out us-
ing DNA PCR kit (Roche-Germany). Then the purity of ex-
tracted DNA was assessed by absorbance at 260 and 280
nm. The extracted DNA with ratio (260/280nm) of 1.9≤ cor-
responding to 121µg DNA per mL .was used for Polymerase
Chain Reaction (PCR). Amplification of 16SrRNA gene was
performed using Forward and Reverse primers with se-
quences of 5'-CAACGAGCGCAACCCT-3'and 5'-
GGTTACCTTGTTACGACTT-3' respectively. Each reac-
tion tube was containing 14.5 µL of water (Sigma Aldrich
Company Ltd.), 2.5 µL of 10 × PCR buffer (Cinagen-Iran),
1 µL of each forward and reverse PCR primers, 1 µL of a 10
mM dNTPs (Cinagen-Iran), 0.5 µL of Smar taq polymerase
(cinagen-Iran), 1 µL of 50mM MgCl2 (Cinagen-Iran) and 5
µL of DNA template. PCR conditions of thermocycler
(Cleaver, England) were as follows: 95°C for 3 min, fol-
lowed by 35 cycles of 95°C for 60s, 56°C for 45s, and 72°C
for 60 s, with a final extension at 72°C for 5 min and storage
at 4°C. All the PCR products were run on a 1.5% (w/v)
agarose gel. PCR products were electrophoresed at 75V for
20 min and then DNA bands were virtualized after staining
with ethidium bromide. Finally the PCR products with pure
DNA bands have been sent to Macrogen in South Korea
(http://www.macrogen.com/) for DNA sequencing. The 16S
rRNA sequenced data were subjected to BLAST analysis

(http://www.ncbi.nlm.nih.gov/BLAST/) to identify each re-
spective 16S rRNA gene amplicon.
Partial purification of bioactive compounds: Ammonium
sulphate (80% saturation) was added to the culture
supernatants and the tubes were kept on ice for 18-24 h. Then
precipitated proteins were collected by centrifugation (10,000
rpm, 30 min) and suspended in phosphate buffer solution
(PBS, pH 6.8) and Catalase (2 mg/mL) was added into the
solution and centrifuged for 15 min at 8000rpm. Afterward
50 mM sodium phosphate buffer (pH 6.5) was added to the
mixture, treated with chloroform-methanol (2:1, v/v) for 1 h
and then centrifuged at 12000rpm, 30 min, 4°C . The pre-
cipitate was air dried and dissolved in 10 mL solution of 10
% 2-propanol and 0.1% trifluro acetic acid (TFA)
(Baserisalehi & Bahador 2012).
Growth phase of bioactive compound production: Pro-
duction of antimicrobial compounds at different time inter-
vals of 5, 10, 15, 20……..30 h was assessed by inoculation
of the bacterial colonies separately into 250 mL of trypticase
soy broth in conical flask (500 mL). At each time interval
5mL of culture broth was centrifuged at 12000 rpm for 30
min. Then 100 µL of each supernatant was added into the
each well in the cultivated Mueller Hinton agar by bioassay
bacterium and incubated at 35°C. After 24h, the observation
of growth inhibition zone considered bacteriocin activity.
Effect of temperature and pH  on bioactive compounds:
Activity of partial purified bioactive compounds at differ-
ent temperatures was tested by overlaid of 10mL of aliquot
bioactive compounds using paraffin oil. The tubes were in-
cubated at 40, 50, 60 and 70°C for 30 min then, 100 µL of
each bioactive compound was added into the well of culti-
vated Mueller Hinton agar by bioassay strain of E. coli
(Sharma et al. 2009). After 24h, observation of zone of inhi-
bition was considered bacteriocin activity. To evaluate the
effect of different pHs on activity of the bacteriocins one
millilitre of partial purified bacteriocins was adjusted to pH
5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0 by diluted NaOH and HCl
for 1h and readjusted to pH 7.0. Then, 100 µL of each bacte-
riocin was added into the well of cultivated Mueller Hinton
agar by bioassay strain of E. coli ( Sharma et al. 2009). After
24h, observation of zone of inhibition was considered bac-
teriocin activity.
Effect of proteinase K on activity of the bioactive com-
pounds: Bioactive compounds produced by the isolates were
treated with proteinase K at a final concentration of 1 mg/
mL for 2 h at 37°C. Then, 100 µL of each bacteriocin was
added into the well on the Mueller Hinton agar cultivated
by bioassay strain of E. coli . After 24h, observation of zone
of inhibition was considered bioactive compounds activity
(Hammami et al. 2009).

http://www.macrogen.com/)
http://www.ncbi.nlm.nih.gov/BLAST/)
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Determination of arbitrary units (AU) and molecular
weight of bioactive compounds: In the present study Arbi-
trary Unit of bioactive compounds was determined in two
steps before and after partial purification. Arbitrary Unit of
bioactive compounds was determined by cultivation of the
isolates in nutrient broth and incubated at 37°C for 24 h. The
tubes were centrifuged for 15 min at 10,000 rpm then; the
supernatants were double diluted 1/2, 1/4, 1/8, 1/16,
1/32, 1/64/1/128 and 1/256 using distilled water. After that,
100 µL of each dilution was added into the well in the culti-
vated Mueller Hinton agar by bioassay bacterium. The Arbi-
trary Unit was determined by the reciprocal of the highest di-
lution showing antimicrobial activity (Van Reenen et al. 1998).
Antimicrobial spectrum of bioactive compounds: Anti-
microbial activity of bacteriocins against various pathogenic
bacteria and fungi viz., Bacillus cereus PTCC 1137, Pseu-
domonas aeruginosa  PTCC 1556, Salmonella typhi  PTCC
1230, Candida  albicans  PTCC 5027 and Aspergillus niger
PTCC 5011 was assessed by well diffusion agar method. To
perform the test, each bioassay strain was full cultivated on
Mueller Hinton agar and two wells were made in plate agar
using sterile sharp borer. Then, 100 µL of purified bioactive
compounds of BC10 was separately added into each well
and the plate was incubated at 35°C. After 24h, clear zone of
growth inhibition was measured and considered bioactive
compounds activity. All experiments were carried out in three
replicates.

RESULTS

Isolation and identification of bioactive compound pro-
ducing bacteria: Out of 121 soil samples, two strains of
Brevibacillus with potent activity for production of bioactive
compound were isolated. Phenotypic and 16SrRNA
sequencing identification of the isolates recognized them as
Brevibacillus reuszeri (B12) and Brevibacillus formosus
(B22) (Fig. 1).

Bioactive compounds of B12 and B22 showed antimi-
crobial property against E. coli with inhibition zone of 18
and 17 mm and Staphylococcus aureus  with inhibition zone
of 16 and 14 mm respectively.
Production of bioactive compound in different growth
phases: The results obtained from production of bioactive
compounds during growth phases of the isolates indicated
production of antimicrobial compounds for both was started
at 5th hour and reached to maximum level at 25th hour of
bacterial growth. Hence, it may be interpreted that these com-
pounds were produced in exponential phase of bacterial
growth. In addition, our finding illustrated that antibacterial
activity of the compounds moderately decreased after 25
hours of growth (Fig. 2).

Effects of enzyme, pH and temperature on activity of
bioactive compounds: To determine the biochemical and
biophysical properties of the bioactive compounds produced
by the isolated strains, activity of the compounds was tested
against proteinase K, different temperatures and pH values.
The results obtained indicated that proteinase K inhibited
antimicrobial activity of the compounds based on little or
no growth inhibition zone of bioassay strain.

Although, full activity of the bioactive compounds re-
tained at pH 7, potent activity of the bioactive compound
produced by Brevibacillus formosus was at 35°C, and
Brevibacillus reuszeri at 40°C.
Determination of arbitrary units of bioactive compounds:
The results obtained from determination of AU before par-
tial purification indicated that B12 and B22 were 64 and 32,
however, after partial purification they were 128 and 64 re-
spectively. This result shows that activity of both the
bioactive compounds increased after partial purification.

Concerning to determination of molecular weight of the
bioactive compounds it must be noted that the antibacterial
property was related to the bands with 40 and 70 kDa for
B12 and B22 respectively.
Antimicrobial spectrum of the bioactive compounds: The
result obtained from antimicrobial spectrum of bioactive
compounds  B12 and B22 against some pathogenic micro-
organisms showed that Aspergillus niger, Candida albicans
and Pseudomonas aeruginosa were resistant to both the
bioactive compounds. However, Salmonella typhi and Ba-
cillus cereus were sensitive to them. In addition, size of in-
hibition growth of all bacterial strains exhibited high activity
of bioactive compound B12 as compared to B22 (Table 1).

DISCUSSION

The genus Brevibacillus has been introduced in 1996 (Shida
et al. 1996). Brevibacillus  is endospore forming bacteria
and therefore could survive in the environment very well.
On the other hand, the term probiotic was defined as “live

Table 1: Antimicrobial spectrum of bacteriocins against pathogenic
microorganisms.

Bacteria                                          Inhibition zone diameter (mm)
                                                                      of bacteriocins

B12 B22

Bacillus cereus 17 14
Pseudomonas aeruginosa - * -
Salmonella typhi. 16 10
Candida albicans - -
Aspergillus sp. - -

*Resistant
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Fig.1: Alignment analysis of 16srRNA..

microorganisms administered in adequate amounts which
confer a health effect on the host” (FAO/WHO 2001).
However, the published reports concerning to health effects
of sporeforming bacteria in humans are less. But several
commercial products containing sporeformer bacteria have
been introduced for human consumption (Sanders et al.

2003). Antimicrobial compounds with pathogen-inhibiting
effect exhibited by probiotic bacteria, and such compounds
have been shown to be produced by some sporeformers. In
this regard Brevibacillus can be considered as special
sporeforming bacteria for introducing as a probiotic agent,
however, information concerning to its ability for production

ref|NR_040979.1| Brevibacillus formosus strain DSM 9885, 16S ribosomal RNA, artialsequence
Length=1486 Score = 516 bits (279), Expect = 1e-146, Identities = 302/313 (96%), Gaps = 3/313 (1%), Strand=Plus/
Plus

ref|NR_029132.1| Brevibacillus reuszeri strain 39, 16S ribosomal RNA, partial sequence
Length=1419, Score = 542 bits (293), Expect = 2e-154, Identities = 300/304 (99%), Gaps = 1/304 (0%),
Strand=Plus/Minus
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of bioactive compounds  is  less (Lee et al. 2001). Therefore,
the present study was conducted to evaluate capability of
Brevibacillus for production of bioactive compounds. To
achieve to this information in total, two strains of
Brevibacillus formosus and Brevibacillus reuszeri with
potent activity for production of bioactive compounds were
isolated. These compounds exhibited antimicrobial activity
against some Gram positive bacteria viz., Bacillus cereus
and Staphylococcua aureus and Gram negative bacteria such
as E. coli and Salmonella typhi. However, neither
Pseudomonas aeruginosa nor fungi (Candida albicans and
Aspergillus niger) were sensitive to both the bioactive
compounds. In addition, characterization of the bioactive
compounds indicated that activity of the compounds when
treated with proteinase K was inhibited. Although, the best
activity for both the bioactive compounds was observed at
pH 7. The potent activity of bioactive compounds B12 and
B22 was at 35°C and 40°C respectively. Hence, based on
our information antimicrobial activity of the compounds

could be depended on their protein structure. On the other
hand these metabolites produced in exponential phase of
bacterial growth, which is verified by association of these
compounds with primary metabolites. However after 25
hours of growth, the antagonistic activity declined. Probably
this reduction may be attributed with degradation of the
bioactive compounds by specific or non-specific proteases
(Parente & Ricciardi 1999).

Overall, bioactive compounds produced by different strains
of  Brevibacillus showed potent activity against some patho-
genic microorganisms other than fungi. Therefore, this ability
along with fast growth character may consider these bacteria as
good probiotic agents especially for commercial industries.

REFERENCES

Baserisalehi, M. and Bahador, N. 2012. Isolation and molecular identifica-
tion of Pseudomonas spp. from soil samples and their evaluation for
bacteriocin production. Asian Pacific Journal of Tropical Biomedi-
cine, pp. 1-5.

0

0.5

1

1.5

2

2.5

0 h 5 h 10 h 15 h 20 h 25 h 30 h 35h 40h

Time

O
D

0

5

10

15

20

25

In
hi

bi
ta

tio
n 

zo
ne

 
(m

m
)

OD Inhibiton zone(mm)

0

0.5

1

1.5

2

0 h 5 h 10 h 15 h 20 h 25 h 30 h 35h 40h

Time

O
D

0

5

10

15

20

In
hi

bi
ta

tio
n 

zo
ne

 
(m

m
)

Inhibiton zone(mm) OD

Fig. 2: Production of bioactive compounds during growth of Brevibacillus formosus.
Each point represents the mean of three independent experiments.

Fig. 3: Production of bioactive compounds during growth of Brevibacillus reuszeri.
Each point represents the mean of three independent experiments.
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