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Abstract: Employing plant growth promoting rhizobacteria (PGPR) as biocontrol
agents is of considerable interest. Some PGPR has the ability to produce one or more
antibiotics that act as antimicrobial agent against pathogens. In this study, Bacillus
MAP3 which was isolated from root nodules of Phaseolus vulgaris is evaluated as a
biocontrol agent. The isolate MAP3 appeared milky white, opaque, irregular in shape,
smooth and 2-4 mm in diameter after incubation at 37°C for 24 h and was found to be a
Gram-positive spore-forming bacilli. The isolate MAP3 was tested for its antimicrobial
activity against 9 pathogens. The antimicrobial activity was great against Erwinia
carotovora and Bacillus subtilis (inhibition zone more than 25 mm), moderate against
Candida albicans (inhibition zone 16 mm), weak against E. coli, Klebsiella spp,
Staphylococcus epidermidis and Pseudomonas aeruginosa (inhibition zones were 11,
12, 10, 10 mm respectively) and there was no effect against Shigella spp. and Proteus
vulgaris. The metabolites of this isolate showed antimicrobial activity when tested
against Erwinia carotovora with an inhibition zone 20 mm. The results obtained put this
isolate as a promising biocontrol agent that would be used against further pathogens.

keywords: PGPR, Bacillus amyloliquefaciens, Phaseolus vulgaris, antimicrobial activity,

metabolites.
1.Introduction

Large number of plant growth promoting
rhizobacteria (PGPR) were isolated from
different legumes particularly root and nodule
tissues including: Agrobacterium, Bacillus,
Curtobacterium, Enterobacter, Erwinia,
Herbaspirillum, Mycobacterium, Paenibacillus,
Pseudomonas, Phyllobacterium, Ochrobactrum,
Sphingomonas, Rhizobium, Ensifer,
Mesorhizobium, Burkholderia,
Phyllobacterium, and Devosia [1].

PGPR have direct and indirect mechanisms
by which they interact positively with plants.
The direct mechanisms are related to plant
nutrition and development such as the
production of plant growth regulators including
abscisic acid [2], gibberellins (GAs), and indole
acetic acid (IAA)[3-6]; nitrogen fixation that
contributes to the accumulation of available
nitrogen in soil; phosphate solubilization that
makes P available for plant uptake[7, 8] ; and
siderophore production that improves Fe
acquisition[9, 10] . Indirect mechanisms

principally include microbial
antagonism/competitiveness[11] and
enhancement of induced systemic resistance
(ISR) and suppress the incidence of plant
diseases[12]. This can be achieved by
producing certain antimicrobials such as
antibiotics, hydrogen cyanide, lipopeptide bio-
surfactant, and production of siderophores.

The production of one or more antibiotics is
the mechanism most commonly associated with
the ability of plant growth-promoting bacteria
to act as antimicrobial agents against
phytopathogens[13]. The antibiotics, either
volatile or non-volatile compounds produced by
biocontrol agents during antagonism, inhibit the
growth of pathogens

Antibiotics encompass a heterogeneous
group of organic, low-molecular-weight
compounds that are deleterious to the growth or
metabolic activities of other
microorganisms[14]. Numerous types of
antibiotics have been isolated from PGPR and
this diversity includes mechanisms of action
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that inhibit synthesis of pathogen cell walls,
influence membrane structures of cells and
inhibit the formation of initiation complexes on
the small subunit of the ribosome[15].

Production of antimicrobial metabolites is
commonly  observed  during  microbial
interaction of antagonistic microorganisms and
pathogens. Since these secondary metabolites
are biologically synthesized, they are highly
selective for target organism and hence, have
little effect on beneficial organisms. Besides, as
organic compounds, these metabolites are
inherently biodegradable and often do not
accumulate in nature and are safe to the
environment[16].

Bacillus and Pseudomonas are the two most
important genera among PGPR that are studied
quite extensively for antimicrobial metabolites
in the plant disease control programs.
Bacillomycin, fengycin, iturin A, mycosubtilin
and zwittermicin A are some of the important
antibiotic secondary metabolites produced by
Bacillus spp. and are widely used in plant
disease control[17, 18].

Antibiotics, such as polymyxin, circulin and
colistin, produced by the majority of Bacillus
ssp. are active against Gram-positive and
Gram-negative bacteria, as well as many
pathogenic fungi[15].

Bacillus amyloliquefaciens is closely related
to B. subtilis and is able to produce a variety of
structurally diverse antimicrobial compounds

which are used in biotechnology and
biomedical applications. Many strains of
Bacillus amyloliquefaciens are known to

suppress fungal and bacterial growth in vitro by
the production of several antimicrobial
compounds[19].

This study aims to assess B. MAP3 which
was recently isolated as a biocontrol agent
against several pathogenic bacteria.

2. Materials and methods
Bacterial strains

The bacterial isolate Bacillus MAP3 was
generously donated by Mona Agha (Assistant
lecturer at Botany Department, Faculty of
Science, Mansoura University) as it was
isolated from the root nodules of Phaseolus
vulgaris. 16s rRNA analysis indicated a high
level of identity (99%) to members of genus

Bacillus amyloliquefaciens in  GenBank
database in the National Center for
Biotechnology Information (NCBI) and it has
been given the accession number MG214652
on this database. The strain was kept in 30%

glycerol stocks at -20°C for further
experiments. LB medium was used to refresh
the growth at 37°C for 24 h.

Morphological characterization of Bacillus
MAP3

Characteristics of the bacterial isolate as
colony form, color, margin, texture,
polysaccharides and pigments formation was
taken into  account for  preliminary
characterization of the isolate by examining the
growth of the isolates on solid media. Cells
were stained with Gram’s stain and examined
under a microscope at 100X [20].

Antibacterial activity of Bacillus MAP3
Whole cell antimicrobial assay

The isolate MAP3 was cultured in LB
medium at 37°c for 3 days for antibacterial
assay. The following test organisms obtained
from  Genetic  Engineering and  the
Biotechnology unit, Faculty of Science,
Mansoura  University were used  for
antibacterial assay: E.coli, Klebsiella spp,
Erwinia  carotovora,  Bacillus  subtilis,
Staphylococcus  epidermidis, Pseudomonas
aeruginosa, Shigella spp., Proteus vulgaris, and
Candida albicans. The test organisms were
cultured on LB media for 24 h before
antibacterial assay and the OD were around to
be 1. The antibacterial activity was evaluated
using the disc diffusion method [21]. 15-cm
Petri dishes LB media were inoculated with the
test organisms and streaked evenly in 3 planes
onto the surface of the medium with a sterilized
cotton swab to ensure growth spreading. Then 5
mm sterilized filter paper discs immersed in
Bacillus MAP3 culture were placed on the
previously inoculated plates with the tested
organisms. Sterilized discs immersed in
sterilized LB culture were used as a negative
control. The plates were incubated at 37 °C for
24 hours, then the diameters of the inhibition
zones were observed.
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Metabolites antimicrobial assay

A 30 ml LB broth inoculated with Bacillus
MAP3 was incubated for 5 days at 37°C. After
centrifugation at 10,000 rpm for 20 min the
supernatant was further filtered through a 0.45
um pore size syringe filter to ensure the
absence of cells under aseptic conditions. The
cell-free culture supernatant containing the
active metabolites of Bacillus MAP3 was used
for the antibacterial assay.

The antibacterial activity of cell-free
supernatant was evaluated using agar well
diffusion method [22]. Erwinia carotovora was
used as a tested organism in this experiment.
The LB agar plate surface was inoculated by
Erwinia carotovora over the entire agar
surface. Then, 3 holes with a diameter of 6 mm
have been punched aseptically with a sterile tip,
and a volume of 100 pL of the bacterial culture
and cell-free supernatant were introduced into
the wells. Uninoculated LB medium was used
as a negative control. The plates were incubated
at 37°C for 2-3 days for inhibition zone
development

3. Results and discussion

The isolate used in this study was obtained
from the root nodule of Phaseolus vulgaris, a
work that has been done by Mona Agha and the
isolate was identified as Bacillus with very
close homology to Bacillus amyloliguefaciens
(accession number MG214652) and so it has
been given the name Bacillus MAP3. Figure 1
shows the phylogenetic tree of this strain with
the closest type strains.

Morphological and physiological
characterization of Bacillus MAP3

Morphological characters of isolate MAP3
grown on LB media were observed after 48 hours of
incubation at 37°C. The colonies were milky white,
opaque, irregular in shape, smooth and 2-4 mm in
diameter. Polysaccharides secretion and
pigmentation were not observed. Staining showed
that the isolate is Gram-positive spore-forming
bacilli as shown in Figure 2

Antimicrobial activity of Bacillus MAP3
Whole cell antimicrobial assay

During its isolation for the first time, the
strain Bacillus MAP3 shoed the dominance in
growth and inhibition of other neighboring
stains. For that it was tested for its

antimicrobial activity using the disc diffusion
method against nine selected pathogens. The
strain showed antimicrobial activity against a
broad range of pathogens. As shown in Table 1
it was effective against E.coli, Klebsiella spp,
Erwinia  carotovora, Bacillus  subtilis,
Staphylococcus  epidermidis, Pseudomonas
aeruginosa and Candida albicans. The
antimicrobial activity was most effective
against Erwinia carotovora and Bacillus
subtilis (inhibition zone more than 25mm for
both as shown in Figure 3) and were
moderately effective against Candida albicans.
However, a weak effect was observed against
E.coli, Klebsiella spp, Staphylococcus
epidermidis and Pseudomonas aeruginosa and
there was no effect against Shigella spp. and
Proteus vulgaris.
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Figure 1: The Phylogenetic tree of Bacillus
MAP3 based on 16 s rRNA analysis with the
closest type strains

1
Figure 2: Characteristic of the isolate MAP3
A) morphology of colonies on LB media. B)
Gram staining shows that the isolate is Gram
positive “violet color” with spore forming
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ability. Black arrow indicates the spore and this
photo was taken under 100X oil immersion lens

B. MAP3 metabolites antimicrobial assay

The metabolites of B. MAP3 were extracted
and tested for their antimicrobial activity using
agar well diffusion method. The crude
metabolites of the isolate P3 showed more
consistent activity against the target bacteria
Erwinia carotovora. It showed a zone of
inhibition (20 mm) against the target bacteria.
The zone of inhibition obtained for crude
metabolites are shown in Figure 4

Table 1: The antimicrobial activity of Bacillus

MAP3 against 9 pathogens
Pathogenic Antibacterial Average
strain activity inhibition
diameter (mm)

E.coli + 11
Klebsiella spp + 12
Erwinia +++ 27
carotovora
Bacillus subtilis +++ >35
Staphylococcus + 10
epidermidis
Pseudomonas + 10
aeruginosa
Shigella spp. - 0
Proteus vulgaris - 0
Candida albicans ++ 16

+ = (10-12 mm), ++ = (15-17mm), +++ =
more than 25mm, - no inhibition zone
A patihas . . B "

Figure 3: The antimicrobial activity of Bacillus
MAP3 against A) Bacillus subtilis and B)
Erwinia carotovora using the supernatant (S)
and the bacterial cells (B). C refers to the
control (liquid LB media).

A) Whole B. MAP3 cells “positive control”, B)
LB media “negative control” and C) crude
metabolites

Discussion

Bacillus amyloliquefaciens is a Gram-
positive model bacterium that is used to study
plant-microbe interactions. It is also utilized
commercially in agriculture as a biofertilizer
and biocontrol agent because of their
effectiveness in combating a variety of plant
diseases using a complex strategy [23-25]. This
bacterium is a root associated one as it has been
isolated from roots of different types of plants
[26-28]. In this study, B. MAP3 has been
isolated from the nodules of Phaseolus
vulgaris. This strain was previously isolated
from the nodules of soybean [29] and chickpea
[30]. The 16s rRNA gene analysis of this strain
showed that it shared a very high sequence
identity with Bacillus amyloliquefaciens AB2.

B. amyloliquefaciens is known for its
antibacterial,  antifungal, antilarval and
antioxidant activity [31-33]. The tested strain in
this study showed the inhibition effect against
E. coli, Klebsiella spp, Erwinia carotovora,
Bacillus subtilis, Staphylococcus epidermidis,
Pseudomonas aeruginosa and Candida
albicans. The antimicrobial activity was most
effective against E. carotovora and B. subtilis.
Previously, it has been reported that the post-
harvest soft rot caused by E. carotovora is
controlled by B. amyloliquefaciens. The anti-
Ecc metabolites was not affected by high
temperature, UV-light and protease K[34].
However, the activity against B. subtilis has not
been reported before and it was found that
subtilosin, the antimicrobial factor of B.
amyloliquefaciens, has been transferred via
inter-species horizontal gene transfer from B.
subtilis [35]. The moderate activity reported in
this study against E. coli, Klebsiella spp,
Staphylococcus epidermidis, Pseudomonas
aeruginosa and Candida albicans was reported
elsewhere [36-38]. However, E.coli presence in
the growth media enhanced the anti-microbial
activity of B. amyloliquefaciens [39].

The genome B. amyloliquefaciens FZB42
was found to have a number of large gene
clusters that are involved in the production of

. ] . ; - antifungal, antibacterial, and nematocidal
Figure 4: The antimicrobial activity of B. linopentides and  bolvketides. FEive gene
MAP3 metabolites against Erwinia carotovora Popep poly ' g
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clusters, srf, bmy, fen, nrs, and dhb, totaling
137 kb, were discovered to drive the production
of the cyclic lipopeptides  surfactin,
bacillomycin, fengycin, an unknown peptide,
and the iron-siderophore  bacillibactin
respectively. In addition, this strain has one
gene cluster that encodes enzymes involved in
the production and export of the antibacterial
dipeptide bacilysin. The antibacterial active
polyketides macrolactin, bacillaene, and
difficidin are directed by three gene clusters,
min, bae, and dfn, with a total size of 199 kb. In
all, this strain devotes roughly 8.5 % of the
entire  genome directing the synthesis of
secondary metabolites [40]

Conclusion

B. MAP3 is a good candidate against further
pathogens. Several studies are ongoing for
further characterization of this strain and for its
evaluation in agricultural applications

References

1. Dudeja, S., et al., (2012) Interaction of
endophytic  microbes with  legumes.
Journal of Basic Microbiology,. 52(3): p.
248-260.

2.  Malboobi, M.A.,, et al, (2009)
Performance  evaluation of  potent
phosphate solubilizing bacteria in potato
rhizosphere. World Journal of
Microbiology and Biotechnology,. 25(8):
p. 1479-1484.

3. Piccoli, P. and R. Bottini, Abiotic stress
tolerance induced by endophytic PGPR.
Symbiotic Endophytes, : p. 151-163.

4.  Piccoli, P., et al., (2011) An endophytic
bacterium isolated from roots of the
halophyte Prosopis strombulifera
produces ABA, IAA, gibberellins A 1 and
A 3 and jasmonic acid in chemically-
defined culture medium. Plant Growth
Regulation,. 64(2): p. 207-210.

5. Podile, AR. and G.K. Kishore, (2007)
Plant growth-promoting rhizobacteria, in
Plant-associated bacteria., Springer. p.
195-230.

6. Bottini, R., et al., (1989) Identification of
gibberellins A1, A3, and is0-A3 in
cultures of Azospirillum lipoferum. Plant
Physiology,. 90(1): p. 45-47.

7. Rodriguez, H., et al., (2006) Genetics of
phosphate solubilization and its potential

10.

11.

12.

13.

14.

15.

16.

17.

18.

applications for improving plant growth-
promoting bacteria. Plant and soil,.
287(1): p. 15-21.

Rodriguez, H. and R. Fraga, (1999)
Phosphate solubilizing bacteria and their
role in plant growth promotion.
Biotechnology advances,. 17(4-5): p. 319-
339.

Miethke, M. and M.A. Marahiel, (2007)
Siderophore-based iron acquisition and
pathogen control. Microbiology and
molecular biology reviews,. 71(3): p. 413-
451.

Masalha, J., et al., (2000) The central role
of microbial activity for iron acquisition in
maize and sunflower. Biology and
Fertility of Soils,. 30(5): p. 433-439.

Kalia, V., (2014) Microbes, antimicrobials
and resistance: the battle goes on.,
Springer.

Vaikuntapu, P.R., et al, (2014)
Preferential promotion of Lycopersicon
esculentum (Tomato) growth by plant
growth promoting bacteria associated with
tomato. Indian journal of microbiology,.
54(4): p. 403-412.

Haas, D. and G. Défago (2005),
Biological control of soil-borne pathogens
by fluorescent pseudomonads. Nature
reviews microbiology,. 3(4): p. 307-3109.

Duffy, B., A. Schouten, and J.M.
Raaijmakers (2003), Pathogen self-
defense: mechanisms to counteract

microbial antagonism. Annual review of
phytopathology,. 41(1): p. 501-538.
Maksimov, 1., R. Abizgil’Dina, and L.
Pusenkova, (2011) Plant  growth
promoting rhizobacteria as alternative to
chemical crop protectors from pathogens.
Applied Biochemistry and Microbiology,.
47(4): p. 333-345.

Prabavathy, V., et al., (2009) Role of
actinomycetes and their metabolites in
crop protection. Agriculturally important
microorganisms,. 1: p. 243-255.

Zhao, Z., et al.,, (2010) Study of the
antifungal activity of Bacillus vallismortis
ZZ185 in vitro and identification of its
antifungal ~ components.  Bioresource
technology,. 101(1): p. 292-297.

Leclere, V., et al.,, (2005) Mycosubtilin
overproduction by Bacillus subtilis

Mans J Biol, Vol.(50) 2021

57



19.

20.

21.

22,

23.

24,

25.

26.

27,

BBG100 enhances the organism's
antagonistic and biocontrol activities.
Applied and environmental microbiology,.
71(8): p. 4577-4584.

Caldeira, AT., et al, (2008)
Environmental dynamics of Bacillus
amyloliquefaciens CCMI 1051 antifungal
activity under different nitrogen patterns.
Journal of Applied Microbiology,. 104(3):
p. 808-816.

Woomer, P.L., et al., (2011) A revised
manual for rhizobium methods and
standard protocols available on the project
website. A revised manual for rhizobium
methods and standard protocols available
on the project website,.

Bauer, A., et al, (1966) Antibiotic
susceptibility testing by a standardized
single disk method. American journal of
clinical pathology,. 45(4 _ts): p. 493-496.
Lee, J.Y., et al., (2016) Antimicrobial
activity of Bacillus amyloliquefaciens
EMD17 isolated from Cheonggukjang and
potential use as a starter for fermented soy
foods. Food science and biotechnology,.
25(2): p. 525-532.

Chowdhury, S.P.,, et al, (2015)
.Biocontrol mechanism by root-associated
Bacillus  amyloliquefaciens FZB42-a
review. Frontiers in microbiology, 6: p.
780.

Borriss, R., (2011) Use of plant-associated
Bacillus strains as biofertilizers and
biocontrol agents in agriculture, in
Bacteria in agrobiology: Plant growth
responses., Springer. p. 41-76.
Vinodkumar, S., et al., (2017) Biocontrol
potentials of antimicrobial  peptide
producing Bacillus species: multifaceted
antagonists for the management of stem
rot of carnation caused by Sclerotinia
sclerotiorum. Frontiers in microbiology,.
8: p. 446.

Tan, S., et al, (2013) The effect of
organic acids from tomato root exudates
on rhizosphere colonization of Bacillus
amyloliquefaciens T-5. Applied Soil
Ecology,. 64: p. 15-22.

Yuan, J., et al., (2015) Organic acids from

28.

29.

30.

31.

32.

33.

34.

35.

amyloliquefaciens  NJN-6.  Scientific
reports,. 5(1): p. 1-8.

Fan, B., et al., (2012) Transcriptomic
profiling of Bacillus amyloliquefaciens
FZB42 in response to maize root
exudates. BMC microbiology,. 12(1): p.
1-13.

Zhao, L., et al., (2011) Identification and
characterization of the endophytic plant
growth prompter Bacillus cereus strain
MQ23 isolated from Sophora
alopecuroides root nodules. Brazilian
Journal of Microbiology,. 42(2): p. 567-
575.

Saini, R., et al., (2015) Beneficial effects
of inoculation of endophytic bacterial
isolates from roots and nodules in
chickpea. Int J Curr Microbiol App Sci,.
4(10): p. 207-221.

Kadaikunnan, S., et al., (2015) In-vitro
antibacterial, antifungal, antioxidant and
functional ~ properties of  Bacillus
amyloliquefaciens. Annals of clinical
microbiology and antimicrobials,. 14(1):
p. 1-11.

Gao, C.-H., et al.,, (2010) Antibacterial
and antilarval compounds from marine
gorgonian-associated bacterium Bacillus
amyloliquefaciens SCSIO 00856. The
Journal of antibiotics,. 63(4): p. 191-193.
Yuan, J., et al., (2012) Antifungal activity
of Bacillus amyloliquefaciens NJN-6
volatile compounds against Fusarium
oxysporum f. sp. cubense. Applied and
environmental microbiology,. 78(16): p.
5942-5944.

Zhao, Y. et al, (2013) Control of
postharvest soft rot caused by Erwinia
carotovora of vegetables by a strain of
Bacillus  amyloliquefaciens and its
potential modes of action. World Journal
of Microbiology and Biotechnology,.
29(3): p. 411-420.

Sutyak, K., et al. (2008), Isolation of the
Bacillus subtilis antimicrobial peptide
subtilosin from the dairy product-derived
Bacillus amyloliquefaciens. Journal of
applied microbiology,. 104(4): p. 1067-
1074.

root exudates of banana help root 36. Bhoonobtong, A., et al. (2012)
colonization of PGPR strain Bacillus Characterization of endophytic bacteria,
Bacillus amyloliquefaciens for

Mans J Biol, Vol.(50) 2021 58



37.

38.

antimicrobial agents production. in
International Conference on Biological
and Life Sciences..

Song, B, et al., (2013) Antifungal activity
of the lipopeptides produced by Bacillus
amyloliquefaciens anti-CA against
Candida albicans isolated from clinic.
Applied microbiology and biotechnology,.
97(16): p. 7141-7150.

Gowrishankar, S., et al., (2015) Bacillus
amyloliquefaciens-secreted cyclic
dipeptide—cyclo (L-leucyl-L-prolyl)
inhibits biofilm and virulence production

39.

40.

in  methicillin-resistant  Staphylococcus
aureus. RSC Advances,. 5(116): p. 95788-
95804.

Benitez, L., et al., (2011) Antimicrobial
activity of Bacillus amyloliquefaciens
LBM 5006 is enhanced in the presence of
Escherichia coli. Current microbiology,.
62(3): p. 1017-1022.

Chen, X., et al., (2009) Genome analysis
of Bacillus amyloliquefaciens FzZB42
reveals its potential for biocontrol of plant
pathogens. Journal of biotechnology,.
140(1-2): p. 27-37.

Mans J Biol, Vol.(50) 2021

59



