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Abstract Secondary metabolites, particularly bioactive

compounds, from probiotic bacteria, are good candidates for

replacing antibiotics to which bacteria have become resistant.

In order to compare bioactive crudematerial from strain SA14

of Brevibacillus laterosporus with two antibiotics, the MICs

of this bioactive crude and those of antibiotics vancomycin

and oxacillin, against methicillin-resistant Staphylococcus

aureus (MRSA), were determined. The result indicated that

the MIC (3.6–19.2 lg/ml) of bioactive crude was higher than

vancomycin (MIC = 1.28–2.56 lg/ml) when tested against

MRSA. Interestingly, all tested strains of MRSA were sus-

ceptible to bioactive crude and were approximately 5.2-fold

more potent than oxacillin (MIC[ 100 lg/ml). Its activity

against MRSA gives support for further evaluation, and the

development of this substance for therapeutic use.

Keywords Brevibacillus laterosporus � D-test �
MIC � MRSA

Introduction

The gram-positive bacterium, Staphylococcus aureus, has

emerged as an important causes of hospital-acquired and

community-acquired infections (Rathore and Kline 1989;

Layton et al. 1995; Herold et al. 1998; Fluckiger and Wid-

mer 1999; O’Brien et al. 1999). Skin and soft-tissue

infections are the most common conditions caused by this

bacterium (Drinkovic et al. 2001; Dominguez 2004),

followed by nosocomial pneumonia and urinary tract

infections, including blood stream infections (NNIS 1998).

Widespread use of broad-spectrum antimicrobial agents and

the limited potency of some agents has exerted heavy

selective pressure in hospital environments; thus, re-emer-

gence of resistant gram-positive pathogens; particularly

methicillin-resistant S. aureus (MRSA), is of increasing

concern. This trend is complicated by the increasing preva-

lence ofMRSA among nosocomial isolates (Holmberg et al.

1987; Shlaes et al. 1997; Abramson and Sexton 1999;

Bonten and Weinstein 1999; File 1999; Rubin et al. 1999).

Some investigations suggest that MRSA infections are

associated with prolonged hospitalizations, increased mor-

tality, and increased costs, compared with infections due to

MRSA; however, such comparisons may be confounded by

an increased incidence of comorbid conditions among

patients with MRSA infection (Abramson and Sexton 1999;

Rubin et al. 1999). Unfortunately, therapeutic options for

patients with MRSA infections are limited. The primary

option is intravenous vancomycin therapy, because other

antimicrobials, including the fluoroquinolones and third-

generation cephalosporins, are ineffective against MRSA

(Fridkin et al. 1999). The recent emergence of S. aureuswith

intermediate resistance to glycopeptides and heteroresistant

MRSA (Sieradzki et al. 1998, 1999; Li et al. 2001) suggests

that full glycopeptide resistance may soon develop and limit

the usefulness of vancomycin (Wong et al. 1999). The

macrolide-lincosamide-streptogramin group B (MLSB)

antibiotics have been used to treat patients with MRSA

infection. However, widespread use has led to an increase in

the number of MRSA strains resistant to MLSB antibiotics,

either constitutive (MLSBc) or inducible (MLSBi),

(Schreckenberger et al. 2004), which underscores the need

for new antibiotics. New antimicrobial agents will thus have

to be developed in order to treat MRSA infections. New and
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more efficient antibiotics will have to be sought continually

because of the capacity of microorganisms to survive their

action. Many different strategies for finding new antimicro-

bial agents are actually proposed and the area of antibacterial

peptides is under intense investigation. Among the most

promising antibacterial peptide are bacteriocins, produced

by probiotic bacteria (Wu et al. 2005).

Bacillus is an interesting genus to be investigated for

antimicrobial activity because Bacillus species produce a

large number of peptides with biological activities. For

example, thuricin 7, thuricin 439, and entomocidus 9 were

isolated from members of the genus Bacillus (Cherif et al.

2001; 2003). According to our previous observation,

Brevibacillus laterosporus SA14, an aerobic spore-forming,

gram-positive bacterium, could produce secondary metab-

olites which could show antibacterial activity, including

anti-MRSA activity. The purpose of this study was to com-

pare the efficiency of culture broth or bioactive crude of

strain SA14, with those of vancomycin, and oxacillin against

72 strains of clinical isolates of MRSA.

Materials and methods

Bacterial strains, media, and culture conditions

The anti-MRSA-producing strain SA14 was isolated from

an air sample at Walailak University Campus, Thailand,

and cultured in Luria-Bertani (LB: Scharlau) medium at

37�C. The bacterial strain designated with TISTR number

was obtained from the Thailand Institute of Scientific and

Technological Research, Bangkok, Thailand. The clinical

strains of MRSA were obtained from two hospitals in

Thailand, Maharaj Nakhon-Si-Thammarat hospital, and

Chumphon Khet Udomsak hospital. All strains, used as

indicator strains, were grown in Mueller-Hinton (M-H:

Merck) medium, incubated at 37�C.

Antibiotic susceptibility test

Antibiotic susceptibilities of MRSA isolates were deter-

mined by the disk diffusion method. Oxacillin susceptibility

was performed as previously described by Huang et al.

(2000), and S. aureus TISTR 517 was used as the control

strain for the disk diffusionmethod. The following antibiotic

disks fromoxoidwere tested at the following concentrations:

oxacillin (1 lg), clindamycin (CL)(2 lg) and erythromycin

(ER)(15 lg). Antibiotic susceptibilities were studied by disc
diffusion methods based on the guidelines from the Clinical

and Laboratory Standard Institute (CLSI, formerly National

Committee for Clinical Laboratory Standards) criteria

(CLSI 2006).

Identification of MLSBi phenotype by D-test

To identify the MLSBi phenotype in CL-sensitive (CLS)

and ER-resistant (ERR) isolates, we performed the D-test.

Isolates were evently plated on a M-H medium plate at a

McFarland concentration of 0.5, and disks of CL (2 lg)
and ER (15 lg) were placed at a distance of 18 mm apart

from the edge as recommended by CLSI (2006). The plates

were incubated at 37�C for 18–24 h and observed for

blunting of the CL zone of inhibition or D zone. The

presence of a D-shaped zone was reported as a positive test

for MLSBi phenotype, and absence of a D-shaped zone was

considered as a negative test.

Detection of anti-MRSA activity

For the detection of anti-MRSA activity, the Brev. later-

osporus SA14 preserved in 15% glycerol, at -80�C, was
first streaked onto the surface of an LB medium plate, and

incubated for 24 h at 37�C. A single colony was inoculated

in 5 ml of LB medium, and incubated for 24 h at 37�C. The
overnight culture was adjusted with sterile phosphate buf-

fer, approximately to a 0.5 McFarland standard (NCCLS

1991). Then, the cell suspension was transferred to a LB

medium (40 ml in 250-ml shake flask) at an inoculum of

2% (v/v) for subculture. The experiments were run at a

stirring speed of 150 rev/min (orbital-shaker incubator:

Cocono), 37�C. Then, after 24 h of incubation, this strain

was separated from the culture broth by centrifugation

(4�C, 10,000g, 10 min: Eppendorf centrifuge 5804 R) and

peptides in the culture broth were precipitated at 4�C
overnight with ammonium sulfate of 50% saturation. The

resulting precipitate (bioactive crude) was harvested by

centrifugation (4�C, 10,000g, 10 min), resuspended in 4 ml

of 50 mM phosphate buffer (pH 7.2), dialysed against the

same buffer at 4�C for 24 h. The bioactive crude was

stored at -80�C for further study. The concentration of

protein in the culture broth or bioactive crude was mea-

sured by Bradford method, using the Bio-Rad reagent kit.

The concentration of protein was plotted against the stan-

dard curve [Bovine serum albumin (BSA), 0.2, 0.4, 0.6,

0.8, 1.0 mg/ml].

The swab-paper disc technique (Rattanachaikunsopon

and Phumkhachorn 1998) was used for detection of anti-

MRSA activity. Approximately 1.5 9 106 cells of the

MRSA strains grown in M-H medium were used for the

testing. Each strain was spread with a swab on M-H

medium plates. Sterile filter paper discs (Albet) of 12 mm

diameter were placed on the surface of the agar plates

containing the MRSA strains. 60 ll each of culture broth or
bioactive crude was dropped on the paper discs. After

overnight incubation at 37�C, the plates were checked for

inhibition zones around the paper discs.
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Anti-MRSA activity was measured by agar well diffu-

sion assay with plates pre-seeded with a clinical isolate of

MRSA or S. aureus TISTR 517 as described by Cintas et al.

(1995). The agar wells were filled with 80 ll serial two-fold
dilutions of culture broth or bioactive crude, and corre-

sponding plates were incubated at 37�C overnight. One

arbitrary unit (AU) was defined as the reciprocal of the

highest dilution yielding a definite zone of inhibition on the

MRSA lawn. The titer was calculated using the formula AU/

ml = 2x 9 1000/V; where x is the number of the last dilu-

tion showing inhibition and V is the volume of the culture

broth or bioactive crude (ll) (Chumchalova et al. 1995).

Determination of the MIC

Vancomycin hydrochloride and oxacillin sodium salt

monohydrate were obtained from Sigma (St. Louis, Mo.).

Stock solutions consisted of 200 lg of vancomycin or

oxacillin per ml in sterile double-distilled water and the

initial concentration of proteins in culture broth or bioac-

tive crude, were 274 lg/ml and 156 lg/ml, respectively.

The MICs were determined by used of a microplate

assay (Parrot et al. 1989). The MRSA strains were grown

to mid-log phase in M-H medium at 37�C. Each MRSA

strain was correspondingly adjusted, approximately to a 0.5

McFarland standard, then a ten-fold serial dilution was

made to dilute out the cells, approximately residue of

1.5 9 106 cells.

Two-fold dilutions of culture broth, bioactive crude,

vancomycin, and oxacillin were freshly prepared with

microtiter plate (Nunc), the wells finally containing 100 ll
of M-H medium with or without (control) and inhibitor.

One-hundred microliters of 1.5 9 106 cells MRSA sus-

pension was added to each well to a final volume of 200 ll.
The plates were incubated in moist chamber for 24 h at

37�C. After the incubation period, the optical density (OD)

was measured at 690 nm with a microtiter plate reader

(Biomerieux). The MIC was calculated from the highest

dilution showing complete inhibition of the MRSA strains.

The MIC determinations were repeated independently

three times, always with S. aureus TISTR 517 as a control.

Results

Detection of anti-MRSA activity

ERR was detected in 100% of the clinical isolates (72 of 72

isolates) in MRSA. The D-test was done to determine the

MLSBi resistance of the CL
S and ERR isolates. Among the

total 72 clinical isolates of MRSA isolates, 46 (63.9%)

were MLSBc, and the D-test showed that 26 (36.1%) of

these clinical isolates had the MLSBi phenotype.

The anti-MRSA activity of culture broth or bioactive

crude of Brev. laterospotus SA14 was determined by using

the swab-paper disc technique. Both culture broth and

bioactive crude were shown to have anti-MRSA activity

against all the clinical isolates of MRSA tested. Therefore,

we have confirmed the usefulness of this bioactive crude

for further study.

Determination of the MICs

Bioactive crude, (peptides), of strain SA14 was precipitated

from the culture broth by ammonium sulfate, and its anti-

MRSA activity is shown in Table 1. Against all the strains

of MRSA tested, the MIC of culture broth or bioactive crude

of strain SA14 was higher than that of vancomycin, but

lower than that of oxacillin. As judged by the antimicrobial

disk susceptibility test, most of the clinical isolates of

MRSA which were more resistant to oxacillin, also

demonstrated resistance to clindamycin, either MLSBi or

MLSBc, but remained sensitive to culture broth, bioactive

crude and vancomycin. The culture broth and bioactive

crude showed the MIC range, 3.6–19.2 lg/ml against all

strains of clinical isolates of MRSA (Table 2).

Discussion

Increasing frequency of MRSA infections and changing

patterns in antimicrobial resistance have led to renewed

interest in the use of antimicrobial agents to treat such

infections (Gadepalli et al. 2006). Intravenous vancomycin

remains the standard therapy, but concerns about S. aureus

strains with reduced sensitivity to vancomycin and about

emerging prevalence of these organisms in the community

(Layton et al. 1995; Herold et al. 1998) may limit the

usefulness of vancomycin in the future. Although the new

antimicrobial agents may lead to use for curing those

MRSA infections, they are only available in some countries

in parenteral formulations, which may necessitate pro-

longed hospitalizations or costly and inconvenient home

health care arrangements (Stevens et al. 2002).

In vitro,MLSBi can be detected in erythromycin-resistant

S. aureus through the use of a double disk diffusion assay

(D-test) (Weisblum 1995; Schmitz et al. 2000), results in a

D-shaped blunting of a circular zone of inhibition around CL

disk on the side facing the ER disk. Without the double-disc

test, all the S. aureus isolates with inducible clindamycin

resistancewould have beenmisclassified as CLS, resulting in

an underestimated CL resistance rate (Schreckenberger

et al. 2004; Gadepalli et al. 2006). Failure to identified

in vitro inducible CL resistance when the ERR CLS pheno-

type is detected may lead to clinical failure of CL therapy

(Drinkovic et al. 2001).
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Bioactive compounds produced by probiotic bacteria

have been developed in order to treat bacterial infections

(Cintas et al. 1995; Wu et al. 2005), and are one of many

different strategies for finding new antimicrobial agents

(Snell et al. 1955; Carr et al. 2002). Interestingly, bacteri-

ocins produced by Bacillus and other microorganisms are

the most promising antibacterial peptides (Katz and

Demain 1977; Jack et al. 1995; Cherif et al. 2001). An

antibacterial peptide with cyanolytic activity was isolated

from the IGM52 strain of the Brev. laterosporus (Loloatin

et al. 2002). The bioactive crude of the SA14 strain of

Brev. laterosporus was shown here to be active in vitro

against MRSA. Indeed, Brev. laterosporus SA14 inhibited

many indicator strains (Candida albicans, Pseudomonas

aeruginosa, Bacillus subtilis, Escherichia coli) when using

a cross-streak method (data not shown). Moreover, the

species has long been known to include strains toxic to

certain invertebrate organisms (Rivers et al. 1991; Orlova

et al. 1998).

The method used here for MIC determination was

adopted to compare the activities of the four substances in

microtiter plate (Parrot et al. 1989) determinations and the

results were not intended for immediate clinical invention,

as is often the case in hospital laboratories. The MICs

obtained for oxacillin against S. aureus TISTR 517 varied

from 0.32 to 0.64 lg/ml, within two-fold of the acceptable

quality control range (0.2–0.5 lg/ml) recommended by

CLSI (2006). For vancomycin, the MICs were 1.28 lg/ml

against S. aureus and 1.28–2.56 lg/ml against MRSA,

while corresponding proposed acceptable quality control

ranges are 0.5–2 lg/ml.

Vancomycin and oxacillin are often used when other

antibiotics have failed (Facklam and Washington 1991).

However, strains resistant to these antibiotics are now

appearing (Leclerc et al. 1988; Kloos and Bannerman

1995). Antibiotic-resistant strains of staphylococci repre-

sent a major clinical and epidemiology problem in

hospitals, even more since appearance of MRSA (Kloos

and Bannerman 1995). The results presented in this paper

indicate that bioactive crude of strain SA14 is generally as

active as vancomycin and oxacillin against S. aureus and is

even active against tested MRSA strains (Table 2). The

bioactive crude could thus be considered a candidate for

eventual use against infections caused by MRSA. How-

ever, another steps of purification stages should be

concerned.

Certain antimicrobial agents are inactivated in the acidic

environment of the stomach. Interestingly, bioactive crude

of strain SA14 was very resistant to an acid pH (data not

shown) and may be thus good candidates as potential

antibacterial agents of choice against infections caused by

Helicobactor pylori, strongly associated with peptic

ulceration and gastric ulcer (Jerris 1995). Furthermore,

mutants resistant to clindamycin (MLSBi or MLSBc), and

oxacillin (MRSA) are still sensitive to bioactive crude of

strain SA14, as shown in this paper. The fact that it is

active against antibiotic-resistant strains is a factor sup-

porting the development of this crude extracts as an

Table 1 Anti-MRSA activity

recoveries of bioactive crude of

strain SA14

Stage Culture

broth

Ammonium

sulfate

precipitation

Volume (ml) 40 4

Specific activity (AU/ml) 100 400

Total activity (AU) 4000 1600

Recovery (%) 100 40

Table 2 Activities of bioactive crude of strain SA14, vancomycin, and oxacillin against methicillin-resistant Staphylococcus aureus (MRSA)

Organisms

(no. of strains)

Staphylococcus
aureus TISTR 517

MRSA Inducible

CL resistance MLSBi (26)

MRSA Constitutive

CL resistance MLSBc (46)

MICa (lg/ml) of

Culture broth 16 (0.25–137) 16 (0.25–137) 16 (0.25–137)

Crude extracts 19.2 (0.15–86) 19.2 (0.15–86) 19.2 (0.15–86)

Vancomycin 1.28 (0.04–100) 1.28 (0.04–100) 2.56 (0.04–100)

Oxacillin 1.28 (0.04–100) [100 [100

TISTR, Thailand Institute of Scientific and Technological Research, Bangkok, Thailand

CL, Clindamycin
a The MIC data are expressed as the median (range) obtained from at least three independent repetitions for each strain
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eventual clinical antibiotic. However, the possibility exists

that the bioactive crude may be toxic when administered

systemically. It will require further studies to assess the

toxicity of the bioactive crude of strain SA14 and then

evaluate its ability to be delivered to the site of infection.
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Abstract: Biocompounds produced from Brevibacillus laterosporus strain SA14 (Brev.
laterosporus SA14) had been documented on their abilities to inhibit a wide range of 
microorganisms including bacteria, mosquito larva, and parasites. However, there is no report 
on the effects of biocompounds produced form these bacteria on normal and cancer cells. The 
objective of this study was aimed to investigate the cytotoxicity of biocompounds produced 
from Brev. laterosporus SA14 on normal lymphocytes and human mouth carcinoma cells. 
Partially purified protein was obtained from 80% ammonium sulfate precipitation of the 
culture medium. The concentrations of protein used in this study were at 10–80 �g protein/ml 
and cytotoxicity was analyzed by MTT assay. The results showed that biocompounds 
produced from Brev. laterosporus SA14 in every concentration used did not cause 
cytotoxicity on normal lymphocytes. LB medium had a minimal effect on cancer cells but had 
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stimulatory activity on normal lymphocytes. Thus, non-toxic biocompounds produced from 
Brev. laterosporus SA14 provide a promising source of bioactive agents which may be used 
in medical procedures in the future.  
 
Introduction: It has been documented that Bacillus spp. produces a large number of 
biocompounds with broad-spectrum activity1. Especially, Brevibacillus laterosporus has been 
known to inhibit a wide range of organisms including insects2, parasites3, and bacteria4. 
Among the strains of Brev. Laterosporus, Brev. laterosporus SA14 has been known to have 
anti-methicillin resistance Staphylococcus aureus (anti-MRSA) and all strains of clinical 
isolates of MRSA4,5. However, there is no report on the cytotoxic effects of this bacteria on 
both normal and cancer cells. Thus, the objective of this study was aimed to investigate 
cytotoxicity of the biocompounds produced from Brev. laterosporus SA14 on both normal 
and cancer cells.   
 
Methodology:
Preparation of partially purified protein from Brev. laterosporus SA14 

Brev. laterosporus SA14 was cultured in Luria Bertni (LB) (Scharlau) medium as 
described previously4,5. The cultured medium was collected and partially purified protein was 
obtained by using 80% ammonium sulfate precipitation. For control, LB culture medium 
without Brev. laterosporus SA14 was prepared according to the same condition as culture 
broth from SA14. Protein concentration was determined by using BioRad protein assay kit 
(Bio-Rad).
Culture of human oral carcinoma cells (CLS-354) 

CLS-354 cells (Cell Line Service) at passage number 24 were cultured at a density of 
1 x 106 cells/75 cm2 in a complete media containing RPMI-1640 (PAA) supplemented with 
10% fetal bovine serum (Biochrome AG), 1% penicillin/streptomycin (PAA) and 2 mM 
stable glutamine (PAA) for 48 h at 37�C in humidified 5% CO2 atmosphere. Cells were then 
trypsinized and plated at a density of 3 x 104 cells/1.88 cm2 (24 well plate) for 48 h in order to 
perform cytotoxicity test.  
Preparation of peripheral blood mononuclear cells (PBMCs)

EDTA blood was collected from 3 healthy volunteers. Peripheral blood mononuclear 
cells (PBMCs) were isolated by using Ficoll-Hypaque gradients technique6 and cells were 
suspended in RPMI-1640 supplemented with 10% fetal bovine serum, 1% 
penicillin/streptomycin and 2 mM stable glutamine. PBMCs were then seeded at a density of 
1 x 105 cells/1.88 cm2 and incubated at 37�C in humidified 5% CO2 atmosphere. 
Cytotoxicity test 

CLS-354 cells and normal lymphocytes were then treated with partially purified 
protein from Brev. laterosporus SA14 at a concentration ranged from 10–80 �g protein/ml. 
For control, cells were treated with LB culture medium. Cells were incubated for 24 h at 37�C 
in humidified 5% CO2 atmosphere. After treatment, cell viability was performed by MTT (3-
(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide) assay7. Data were analyzed 
from three-independent experiment in duplicate.  

 
Results, Discussion and Conclusion: Following treatment of CLS-354 cells with the 
partially purified protein from SA14 at a concentration of 10, 20, 40 and 80 �g protein/ml, the 
percentage of cell viability was evaluated by MTT assay. Data were obtained from three-
independent experiment in duplicate. The results showed that partially purified protein from 
SA14 could inhibit growth of cancer cells in a dose-dependent manner with a half maximal 
inhibitory concentration of 34 �g protein/ml (IC50 = 34��g protein/ml) as shown in Figure 1. 
LB had only a minimal effect on cancer cells.  
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Figure 1.  Cell viability of CLS-354 cells upon treatment with partially purified protein  
                 from SA 14 (�) and LB (�). 
 
 Partially purified protein from SA14 did not cause toxicity to normal lymphocytes as 
shown in Figure 2. In addition, normal lymphocytes were markedly stimulated in every 
concentration used. To determine the adverse effect of LB culture medium on viability of the 
cells, normal lymphocytes were treated with the same concentration as treated by partially 
purified protein from SA14. LB was not toxic to normal cells. Thus, biocompounds from 
SA14 at a concentration used was not toxic to normal cells.  
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Figure 2.  Cell viability of normal lymphocytes upon treatment with partially purified protein  
                 from SA 14 (�) and LB (�). 
 
 The present study showed that biocompounds from SA14 displayed antiproliferative 
activity against cancer cells but exhibited non-cytotoxic effect on normal lymphocytes. The 
cytotoxicity of biocompounds from bacteria against some cell types has been reported8. 
Culture medium obtained from Bacillus polyfermenticus was found to inhibit the growth of 
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human colon cancer cells9. It has been documented that some peptides were cytotoxic to 
tumor cells1. The effects of biocompounds produced from SA14 on both normal and cancer 
cells may be the results of microbial peptides produced by bacteria. This was suggested that 
cytotoxicity may relate to plasma membrane composition and metabolic activity of target 
cells which have different sensitivity to the disruptive effects of the biocompounds10. 
 It has been reported that the probiotic B cereus var. toyoi could stimulate the 
proliferation of naïve CD21+ cells and affected the immune cell population ratio11. The 
proliferative response of PBMCs to SA14 may likely from the bacterial antigens.  

In conclusion, cytotoxic effects of biocompounds produced by Brev. laterosporus 
SA14 was observed on cancer cells but not normal cells. The specificity toward cancer cells 
may prompt us to continue our work in identification and characterization of the 
biocompounds. The biocompounds produced from SA14 may be a promising source of 
bioactive agents against this type of cancer which need to be further evaluated.  
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