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ABSTRACT

The rhizosphere, representing the thin layer of soil surrounding plant roots and the soil occupied

by the roots, supports large active groups of bacteria. Pseudomonas fluorescens is an antibiotic
producer and has a wide spectrum of antimicrobial activity against Salmonella typhimurium,
Bacillus subtilis, Proteus vulgaris and Candida albicans. The aim of this study was to investigate
the antibacterial activity of a compound from Pseudomonas sp. against methicillin-resistant
Staphylococcus aureus (MRSA) strains and other pathogenic bacteria. Samples were serially
diluted and 0.1 mL of sample was spread on King’s B agar plates. The isolated bacteria was
identified by morphological and biochemical tests. The results were confirmed using molecular
methods. Screening of antibacterial activity of the isolated Pseudomonas sp. from rhizosphere
soil was performed by agar-well diffusion assay. After precipitation by aluminum sulfate and
dialysis, the isolates were analyzed by SDS- PAGE analysis. Finally, phylogenetic studies were
performed using 16S rRNA sequences. The isolated strain was a gram negative bacterium,
aerobic and from Pseudomonas genus. The cell-free culture supernatants and purified proteins
obtained from the isolated strain shown a significant antimicrobial activity against MRSA, other
Staphylococcus aureus strains and Escherichia coli, on Muller-Hinton agar. Moreover, the size

of the antibacterial agent on SDS-PAGE was approximately 50 kDa. The profound zone of
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inhibition, has warranted a strong antibacterial agent, especially for gram positives bacteria such

as MRSA and other S. aureus strains.

Keywords: Rhizosphere - MRSA, Antimicrobial agent - Pseudomonas sp. - Phylogenetic

analysis

INTRODUCTION
The rhizosphere, representing the thin layer of
soil surrounding plant roots and the soil
occupied by the roots, supports large active
groups of bacteria [1]. It could be considered
as a natural habitat for screening studies to
find a suitable source for novel antibiotic-
producing microorganisms. Several
rhizobacteria have been used extensively as
biological agents to control many soil borne
plant pathogens [2, 3]. Rhizobacteria exert
their beneficial effect on plants by various
mechanisms including

(HCN)

antibiotics, lytic enzymes, competition or by

siderophores,
hydrogen  cyanide production,
inducing systemic resistance [4, 5]. Over the
last few decades, the number and proportion
of methicillin-resistant Staphylococcus aureus
(MRSA) infections in different countries has
increased due to the rise of epidemics in
humans [6, 7] and animals, such as dogs, cats,
cattle, pigs and exotic species [8, 9]. In a
study comparing two neonatal 1CUs, the cost
of instituting control measures in a stepwise,
delayed approach was US$ 49-69 million,
while the cost of introducing effective and

immediate measures was US$ 1.3 million

[10]. Another study calculated that the total
cost per case of bacteremia that was caused
by an antibiotic-resistant strain, including
MRSA (50% of the cases), was US$ 88,445
[11].

Recently, some natural antibacterial agents,
dilatata,

such  Quercus Hylomecon

hylomeconoides, Eleutherine  Americana,
Chelidonium majus Linn. (Papaveraceae) and
Tabebuia avellanedae compounds, have been
tested against MRSA [12, 13]. The ability of
antibacterial compounds obtained from other
bacteria to inhibit methicillin-sensitive S.
aureus (MSSA) and MRSA has also been
tested [14, 15]. Different

species, are strong antibiotic producers [16]

Pseudomonas

and have a wide spectrum of antimicrobial
activity against Salmonella typhimurium [17]
Bacillus subtilis, Proteus vulgaris and
Candida albicans [18]. These characteristics
make Pseudomonas species good candidates
for utilization as seed inoculants, root dips for
biological control of soil-borne plant
pathogen and also as antibacterial agents. It

also has got broad spectrum activity against S.
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aureus, E. coli and Aeromonas hydrophila
[19, 20].

The aim of this study was to investigate the
obtained

antibacterial  activity of the

compounds from a naturally isolated
Pseudomonas sp. strain against MRSA strains
and other pathogenic bacteria. Besides, its
phylogenetic analysis was performed to
prepare better understanding about its
homology with other related strains.
MATERIALS AND METHODS

Isolation of Pseudomonas sp.

The rhizosphere soil sample (1 g) was
suspended in 99 mL of sterile saline solution.
Samples were serially diluted (10-5) and 0.1
mL of sample was spread on King’s B agar
plates and incubated at 37°C for 24 h. The
isolated bacteria was confirmed by
morphological and biochemical tests, based
on Bergeys manual of systematic
bacteriology [21].

Evaluation of the antibacterial effects
Screening of antibacterial activity of
Pseudomonas sp. isolated from rhizosphere
soil by agar-well diffusion  assay.
Antibacterial activity of Pseudomonas sp.
isolated from rhizosphere soil was tested
against target bacterial pathogens of health
significance like S. aureus and MRSA by in
vitro techniques using Muller-Hinton agar

plates at 37 °C for 24 h. MRSA and S. aureus

suspensions of 108 colony forming units
(CFU)/mL were grown to log phase, and the
well  diffusion was treated with the
antibacterial compounds. The plates were
incubated at 37°C for 24 h, and the size of the
inhibition halos diameter was evaluated
(mm). The antibacterial effect was determined
by measuring the size of inhibited halos
formed around the wells.

16S rRNA gene sequencing

The chromosomal DNA genome used for
polymerase chain reaction (PCR). It was
prepared using phenol-chloroform method
[22]. The DNA fragments containing 16S
rRNA were amplified from the chromosomal
DNA with primers pairs 27F (5-
AGAGTTTGATCMTGGCTCAG-3) and
1492R  (5-GGTTACCTTGTTACGACTT-3)
[23]. PCR reactions were performed in a
(Bio-Rad
Hercules, USA) in a total volume of 50 pL
Mix (Takara,
Amplification consisted of denaturation step
at 94°C (1 min), annealing step at 59°C (1

min) and extension step at 72°C (1 min). The

thermal  cycler Laboratories,

containing Master Japan).

first cycle was preceded by incubation for 5
min at 94°C. After 35 cycles, there was a final
10 min extension at 72°C. Negative controls
containing no DNA template were included in
parallel. PCR products were separated in a
1.5% (w/v)

agarose gel and were
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subsequently visualized by ultraviolet (UV)
illumination after ethidium bromide staining.
Sodium Dodecyl
Gel Electrophoresis (SDS-PAGE)

To estimate the molecular mass of bioactive

Sulfate-Polyacrylamide

peptides, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-
PAGE) was carried out on 15% acrylamide
gels. A low molecular mass protein marker
with size ranging from 15 to 200 kDa (Sigma-
Aldrich, Germany) was used as standard. To
determine the apparent molecular mass of the
bacteriocin, the gel was cut into two vertical
parts after SDS-PAGE. The part of the gel
containing the molecular mass marker and the
samples was stained with Coomassie blue R-
250 for 24 h, while the remaining part,
containing only samples, was extensively
washed with regularly replaced sterile MilliQ
water for Repeat 3 times and decolorizing for
3 hours.

Bioinformatic analysis of the amplified
sequence

Sequence similarity searches were done on
the NCBI databases with BLAST search
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). The
MultAlin software, version 5.4.1 was used
which creates a multiple sequence alignment
from a group of related sequences using
progressive pairwise alignments [24]. The

MEGA software, version 6, an integrated

bioinformatic  tool for inferring the
phylogenetic trees and estimation of the
divergence times [25] was used to conduct the
phylogenetic studies and compare the
retrieved sequences. The conserved domains
among these sequences were also identified.
The CLC sequence viewer software (Qiagen,
Aarhus,  Denmark) version 7.5, a
bioinformatic tool for annotating multiple
sequence alignments, shading and alignment
editing, was used to compare the retrieved
sequences. The conserved domains among
these sequences were also identified.
RESULTS AND DISCUSSION
Characteristics of the isolated strain

The isolated strain was found to be an
aerobic, Gram-negative rod shaped bacterium.
Its biochemical characteristics were listed in
Table (1).

Based on morphological, biochemical and
molecular methods using 16S rRNA gene
analysis, the identified strain was identified as
belonging to the Pseudomonaceae family. Its
DNA sequence was recorded in the NCBI
under the accession number KM487190.1 as
Pseudomonas sp. Besides, the strain was
phylogenetically characterized and identified
using the closest relative strains (Figure 1).
The evolution history was inferred by using
the Maximum Likelihood method. The

bootstrap consensus tree inferred from 500
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replicates It showed 97-100% homology to
the 16S small rRNA of other
Pseudomonas species. The analysis involved

subunit

18 nucleotide sequences (accession numbers
in parenthesis).

The multiple sequence alignments, the
similarity between the studied sequences and
the conserved domains among the studied
sequences were shown with a color scale (Fig.
2). The blue residues are the least conserved
and white residues are the most conserved.
Sequence names appear at the beginning of
each row and the residue position is indicated
by the numbers at the top of the alignment
columns. The consensus sequence is also
shown in the below of seven studied
sequences. Besides a color plot (green for the
least conserved and white for the maximum
ones) shows the conservation extent of each
domain.

Antimicrobial activity assay

The antimicrobial activity of cell-free culture
supernatant (CFCS) and purified proteins (PP)
isolated Pseudomonas

MRSA and

obtained from the

strain were tested against

Staphylococcus aureus, E.coli and O157:H7
pathogenic bacteria by well diffusion assay.
The results are shown in Table Il and Figure
3. The CFCS and PP exhibited some
significant antibacterial effects on a broad
range of bacterial species.

Purification and analysis of the
antibacterial agents

Pseudomonas sp. was grown on BTM broths.
Antibacterial activity was observed in
supernatants of cell-free culture incubated at
37°C. Antibacterial from CFCS was
recovered by ammonium sulfate precipitation.
In this step, some antibacterial agents can
precipitate at different ammonium sulfate
concentrations.  Salted-out proteins were
precipitated by dialysis. Analysis of the
fractions isolated after dialysis by SDS-
PAGE, and direct detection of antimicrobial
activity on the electrophoresis gel indicated
that molecular mass of the spot is

approximately between 50-52 kDa (Fig. 4).

Table I: Morphological and biochemical characterization of Pseudomonas sp. isolated from rhizosphere soils

Characteristic

Pseudomonas sp. strain

Colony morphology

Medium, Smooth

Gram staining

Short Rod, Gram negative

Motility

+

Catalase

+

Oxidase

+

Potassium Nitrate
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L-Tryptophan -

D-Glucose (Fermentation) -

L-Arginine +

Urea -

Esculin -

Ferric citrate

Gelatin +
Nitrophenyl-g-D-galactopyranoside -
D-glucose (Assimilation) +
L-arabinose -
D-mannose -

D-mannitol +
N-acetyl-glucosamine -
D-maltose -

Potassium gluconate +
Capric acid +

Adipic acid +
+

+

Malic acid
Trisodium citrate
Phenylacetic acid -

Pseodononas sp (KMAET (90 1)

Baridokioria paeadoaalia wram DRDERPS 1017 (KF 584861 1)

Pcodcononas fowserectae seain LEHE A UNGI495 1)

e Prcodomons mvingae svam KB1 1 JF327448 1)
— ) Pecndomonss melise sumin Ogans 04F $58390 1)
Preudomonn tromae st CFBP 6111T (AM2026 1)

Picodoencant toekae stram MAFF 3014637 (ABO21382 1

Prcodomonm patda stras PCRS (DQ1ITE2I0 1)

Parodomonss Sutrescons stran Asgp 45 (KJT26561 1)

Perodomenas fmcovagnse weam ICMP 9996 (FI483520 1)

Pecudomonns puncde stvam F1 (NR 074730 1)
Pecadomonas Sormcoms stram BCPEMS- 1 (HQ207732 1)

Preodomonn seregneda vean JOS (RJ1E4540 1)

Preadomonas aerapnosa symio SG (K)994735 1)
Preodomonss scvegineea ARD] (KFF29I2E 1
Prendomonas sevegnosa s RP2S (RJ0651608 |
Preudomona seragmona wean 4TDMAC (KMO2458E |
' Preodomonas sevagnoss seain AS 31 (KMO1919% 1)
Figure 1. Molecular phylogenetic analysis of Pseudomonas sp. strain (KM487190) isolated from rhizosphere soils with
some related Pseudomonas strains. The evolution history was inferred by using the Maximum Likelihood method. The
bootstrap consensus tree inferred from 500 replicates. Branches corresponding to partitions reproduced in less than 50%
bootstrap replicates are collapsed. The analysis involved 18 nucleotide sequences (accession numbers in parenthesis). All
positions containing gaps and missing data were eliminated. Evolutionary analysis was conducted in MEGAG6.
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Figure 2: The tabular format of a multiple alignment from seven 16s rRNA genes of Pseudomonas strains from the NCBI
database using the CLC sequence viewer software, version 7.5. Sequence names appear at the beginning of each row and
the residue position is indicated by the numbers at the top of the alignment columns. The level of sequence conservation is
shown on a color scale with blue residues being the least conserved and white residues being the most conserved. Besides a
color plot (green for the least conserved and white for the maximum ones) shows the conservation extent of each domain.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 2: Inhibitory activity of cell-free culture supernatant (CFCS) and purified proteins (PP) obtained from the isolated
Pseudomonas sp. against some pathogenic bacteria in comparison with some antibiotics

Pathogens tested Zone of Inhibition (mm)
cell-free purified | TE | CRO CP | AZM E
culture protein
supernatant
Staphylococcus aureus 17 25 25 23 25 15 20
Escherichia coli 14 15 31 21 25 25 28
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Methicillin Resistant 24 39 27 22 25 20 21
Staphylococcus aureus
Escherichia coli 5 8 20 25 23 24 31
0O15:H7

TE: Tetracycline, CRO: Ceftriaxone, CP: Ciprofloxacin, AZM: Azithromycin, E: Erythromycin

Figure 3. Antimicrobial activity of cell-free culture supernatant (CFCS) and purified proteins (PP) obtained from the
isolated Pseudomonas sp. against 1: Methicillin resistant Staphylococcus aureus (MRSA), 2: Staphylococcus aureus and 3:
Escherichia coli

Figure 4. Analysis and identification of the purified antimicrobial substance from Pseudomonas sp. The
purified antimicrobial substance was analyzed by 15% SDSPAGE: Gel stained with Coomassie blue G-250:
line M, peptide ladder with a molecular mass ranging from 15 to 200 kDa, and line sample , the purified
protein

Pseudomonas strains produce different
biologically active compounds. There are
many reports that note the production of
biologically active compounds including
different enzymes, phytohormones (such as
auxins), and also siderophores by rhizosphere
bacteria [26-28]. Pseudomonas sp. may have
a favorable, neutral or deleterious influence
on plant growth [29-31]. Rekha et al [32]

have studied the antibacterial activity of P.

fluorescens isolated from rhizosphere soils,
against ten pathogenic bacterial strains. The
results indicated that the naturally isolated P.
fluorescens strain presented a significant
value against Salmonella typhi, B. subtilis,
Salmonella sonnei, whilst having no activity
against S. aureus and E. coli. In contrast, the
results of present study show that a naturally
isolated Pseudomonas strain exhibits a
significant antibacterial activity against S.
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aureus, E.coli and MRSA. In a similar study
performed by Sharma and Kaur [33] some
strains of Pseudomonas showed a significant
antimicrobial activity against most of the
tested  microorganisms.  Besides, the

antimicrobial  activities of extracellular
compounds produced by a Pseudomonas
strain against MRSA were reported by other
researchers [34].

CONCLUSION

Based on this study, we have shown that a
Pseudomonas sp. strain isolated from the
rhizosphere citrus soils have the potential to
produce  different  biologically  active
compounds. Due to the size of the zone of
inhibition it is evident that isolated bacteria
have a strong antibacterial agent, especially
on gram positives such as MRSA and S.
aureus. Since molecular weight of the
antimicrobial composition is high, likely to be
a member of the family of antibiotics that can
be investigated in future study. Also, the high
inhibition zone on Gram-positive cocci, with
the strongest antibiotics standard is similar,
that indicates the antibacterial effects of the
compound of biology.
REFERENCES

[1] Villacieros M,

Power B, Sanchez-

[2]

[3]

[4]

[5]

Colonization behaviour of Pseudomonas
fluorescens and Sinorhizobium meliloti in
the alfalfa (Medicago
rhizosphere. Plant Soil 2003; 251: 47-54.
Dell’Amico E, Cavalca L, Andreoni V.

Analysis of rhizobacterial communities

sativa)

in perennial Graminaceae from polluted
water meadow soil, and screening of
metal-resistant, potentially plant growth-
promoting bacteria. FEMS Microbiol
Ecol 2005; 52: 153-62.

Rajkumar M, Lee KJ, Lee WH, Banu JR.
Growth of Brassica

juncea under

chromium stress: influence of
siderophores and indole 3 acetic acid
producing rhizosphere bacteria. J Env
Biol 2005; 26: 693-9.

Pieterse CJ, Van Pelt J, Van Wees SM,
Ton J, Léon-Kloosterziel K, Keurentjes
JB, Verhagen BM, Knoester M, Van der
Sluis |, Bakker PHM, Van Loon LC.
Rhizobacteria-mediated induced systemic
resistance: Triggering,
expression. Eur J Plant Pathol 2001; 107:
51-61.

Lee ET, Lim SK, Nam DH, Khang YH,

Kim  SD. 2112 of

signalling and

Pyoverdin

Pseudomonas fluorescens 2112 inhibits

Contreras M, Lloret J, Oruezabal R, Phytophthora capsici, a red-pepper
Martin M, Fernandez-Pifias F, Bonilla I, blight-causing  fungus. J Microbiol
Whelan C, Dowling D, Rivilla R. Biotechnol 2003; 13: 415-21.

4988

IJBPAS, Juby, 2015, 4(7)



Heshmatipour Z et al

Research Article

[6]

[7]

[8]

[9]

Lee AS, Huttner B, Harbarth S. Control
of Methicillin-resistant Staphylococcus
aureus. Infect Dis Clin North Am. 2011;
25: 155-79.

Stefani S, Varaldo PE. Epidemiology of
methicillin-resistant
Europe. Clin Microbiol Infec. 2003; 9:
1179-86.

Smith TC, Pearson N. The emergence of

Staphylococci  in

Staphylococcus aureus ST398. Vector
Borne Zoonotic Dis. 2011; 11: 327-39.
Weese JS.
Staphylococcus aureus in animals. ILAR
Journal. 2010, 51: 233-44.

Methicillin-resistant

[10] Karchmer TB, Durbin LJ, Simonton BM,

Farr BM. Cost-effectiveness of active
surveillance cultures and contact/droplet
precautions for control of methicillin-
resistant Staphylococcus aureus. J Hosp
Infect. 2002; 51: 126-32.

[11] Laupland KB, Lee H, Gregson DB,

Manns BJ. Cost of intensive care unit-
acquired bloodstream infections. J Hosp
Infect. 2006; 63: 124-32.

[12] Jamil M, ul Haq I, Mirza B, Qayyum M.

Isolation of antibacterial compounds

from Quercus dilatata L. through
bioassay guided fractionation. Ann Clin

Microbiol Antimicrob. 2012; 11: 1-11.

[13] Pereira E, Machado D, Leal IR, Jesus D,

Damaso R, Pinto A, Giambiagi-deMarval

M, Kuster R, dos Santos K. Tabebuia
avellanedae naphthoquinones: activity
against methicillin-resistant
Staphylococcal strains, cytotoxic activity
and in vivo dermal irritability analysis.
Ann Clin Microbiol Antimicrob. 2006; 5:

1-7.

[14] Ding R, Wu XC, Qian CD, Teng Y, Li O,

Zhan ZJ, Zhao YH. Isolation and
identification of lipopeptide antibiotics
B69 with

inhibitory activity against methicillin-

from Paenibacillus elgii

resistant aureus. J

Microbiol. 2011; 49: 942-9.

Staphylococcus

[15] Hashizume H, Igarashi M, Sawa R,

Adachi H, Nishimura Y, Akamatsu Y. A
new type of Tripropeptin with anteiso-
branched chain fatty acid from
Lysobacter sp. BMK333-48F3. J
Antibiot. 2008; 61: 577-82.

[16] Raaijmakers JM, De Bruijn I, De Kock

MJD. Cyclic lipopeptide production by
plant-associated  Pseudomonas  spp.:
Diversity, activity, biosynthesis, and
regulation. Mol Plant-Microbe Interact.

2006; 19: 699-710.

[17] Laine MH, Karwoski MT, Raaska LB,

Mattila-Sandholm TM. Antimicrobial
activity of Pseudomonas spp. against
food poisoning bacteria and moulds. Lett
Appl Microbiol. 1996; 22: 214-8.

IJBPAS, Juby, 2015, 4(7)

4989



Heshmatipour Z et al

Research Article

[18] Trujillo ME, Velazquez E, Miguélez S,
Jiménez MS, Mateos PF, Martinez-
Molina E. Characterization of a strain of
Pseudomonas fluorescens that solubilizes
phosphates in vitro and produces high
antibiotic several

activity  against

microorganisms. In:  Velazquez E,
Rodriguez-Barrueco C, editors. First

international meeting on microbial
phosphate solubilization, Developments
in plants and soil sciences. Springer
Netherlands; 2007; 102: 265-8.

[19] Czerwonka A, Lejczak B, Boduszek B,
Kafarski P. Phosphonic acid analogue of
forfenicine — synthesis, antibacterial
activity and degradation by Pseudomonas
fluorescens. Amino Acids. 1997; 12:
101-6.

[20] Vachee A, Mossel

Antimicrobial

DA, Leclerc H.

activity among

Pseudomonas and related strains of
mineral water origin. J Appl Microb.
1997; 83: 652-8.

[21] Brenner DJ, Krieg NR, Staley JT. The
Proteobacteria.

Bergey's Manual of

Systematic  Bacteriology, 2" ed.
Springer; 2005.

[22] Sambrook J, Russell DW. Purification of

Acids by

Phenol:Chloroform. Cold Spring Harbor

Protocols. 2006; 1.

Nucleic extraction with

[23] Turner S, Pryer KM, Miao VPW, Palmer
JD. Investigating deep phylogenetic
relationships among Cyanobacteria and
plastids by small subunit rRNA sequence
analysis. J Euk Microbiol. 1999; 46: 327-
38.

[24] Corpet F. Multiple sequence alignment
with hierarchical Nucleic
Acids Res. 1988; 16: 10881-90.

[25] Tamura K, Stecher G, Peterson D,

Filipski A, Kumar S. MEGAG6: Molecular

clustering.

evolutionary genetics analysis version
6.0. Mol Biol Evol. 2013; 30: 2725-9.

[26] Hoflich G, Kihn G. Promotion of plant
growth and nutrient uptake of cruciferous
oil- and intercrops by inoculated
rhizosphere microorganisms. Z Pflanz
Bodenkunde. 1996; 159: 575-81.

[27] Hoflich G, Wiehe W, Hecht-Buchholz C.
Rhizosphere colonization of different
crops with growth promoting
Pseudomonas and Rhizobium bacteria.
Microbiol Res. 1995; 150: 139-47.

[28] Kloepper J, Leong J, Teintze M, Schroth
M. Pseudomonas siderophores: A

mechanism explaining disease-

suppressive soils. Current Microbiol.
1980; 4: 317-20.
[29] Kloepper JW, Lifshitz R, Zablotowicz

RM. Free-living bacterial inocula for

IJBPAS, Juby, 2015, 4(7)

4990



Heshmatipour Z et al

Research Article

enhancing crop productivity. Trends
Biotechnol. 1989; 7: 39-44.

resistant Staphylococcus aureus (MRSA)
strains. Ann Clin Microbiol Antimicrob.

[30] Siddiqui Z, Baghel G, Akhtar MS. 2013; 12,12.
Biocontrol of Meloidogyne javanica by
Rhizobium and plant growth-promoting
rhizobacteria on lentil. World J Microbiol
Biotechnol. 2007; 23: 435-41.

[31] Egamberdieva D, Kamilova F, Validov
S, Gafurova L, Kucharova Z, Lugtenberg
B. High incidence of plant growth-
stimulating bacteria associated with the
rhizosphere of wheat grown on salinated
soil in Uzbekistan. Environ Microbiol.
2008; 10: 1-9.

[32] Rekha V, Ahmed John S, Shankar T.
Antibacterial activity of Pseudomonas
fluorescens isolated from rhizosphere
soil. Int J Biol Tech. 2010; 1: 10-14.

[33] Sharma S, Kaur M. Antimicrobial
activities of rhizobacterial strains of
Pseudomonas and Bacillus strains
isolated from rhizosphere soil of
carnation (Dianthus caryophyllus cv.
Sunrise). Ind J Microbiol. 2010; 50: 229-
32.

[34] Cardozo V, Oliveira A, Nishio E,
Perugini M, Andrade C, Silveira W,
Duran N, Andrade G, Kobayashi R,
Nakazato G. Antibacterial activity of
extracellular compounds produced by a

Pseudomonas strain against methicillin-

4991
IJBPAS, Juby, 2015, 4(7)



