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Abstract

The effect of divalent metal ionsin cultivation medium was
studied to improve the growth and antifungal activity of Bacillus
subtilis MHS15. Two metals salts namely FeSO4. 7H20 and
MgS04.7H20 at concentrations of 1 and 2 mM have stimulated the
growth when the maximum optical density of 2.137 and 1.993 were
achieved compared with 1.929 for control. Optical density has been
suppressed usng MnSO4.H20, CuSO4.5H20 and ZnS04.7H20.
The MIC against Aspergillus niger observed using 1 mM
FeS04.7H20 when the inhibition was 68.2% with an increase of
70.7% comparing with the maximum inhibition 48.2% by the
control. Thus, the present study provides valuable information for
enhancing growth and inhibitory effect of B. subtilis MHSI15.
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Introduction

For the time being, chemical pesticides in modern agriculture
are being reduced for their hazardous impact to the natural environment
and deteriorative effects on humans and are considered as safe status
(2). Severd strains of Bacillus subtilis have been reported that have
potential for biological control of severa plant diseases. For example,
B. subtilis AU195 against Aspergilla flavus and Bacillus subtilis C9
against Rizoctonia solani (6; 12). They are considered as safe biological
agents and their potential is regarded high (5) and a common soil
inhabitant is now widely recognized as chemicals can aso be lethal to
the useful inhabitants of soil. Bacillus subtilisis a Gram-positive, spore
forming bacteria, a powerful tool in biocontrol. As soil-living bacteria,
naturally present in the closed zone of plant roots, B. subtilisis able to
maintain stable contact with higher plants and support their growth. In
addition, due to its wide host range, its ability to form endospores and
produce varying antibiotics like iturin and surfactin with a broad
spectrum activity, B. subtilis as well as other members of Bacillus
genus are potentially useful biocontrol agents. Several mechanisms can
clarify the enhancement of plant growth by bacteria existing in the
rhizosphere. One of the man aspects of this stimulation is the
inhibition of diseases caused by phytopathogens (16). It is known that
metals are necessary for the normal metabolism of microorganisms as
microelements, as well as for the production of antifungal agents such
as lipopeptides. The regulatory effects of trace divaent metals on
microbia secondary metabolism have been recorded for a variety of
species and it was found that MgSO4, and FeCl2 have stimulated the
growth and antifungal agents production of Bacillus alvei NRC-14.
However, ZnCl2 and KCl showed negative effect on antifunga agents
production each (14). This study was to determine the influence of
various metal ions addition on the growth and antifungal activity of
Bacillus subtilis MHS15. The majority of Bacillus species were
nonpathogenic, because of this fact; many have been exploited for
biotechnological and industrial applications (9).
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M aterials and M ethods

Bacterial isolate:

Bacillus subtilis strain used in this study was identified at LGC
Genomics Sequencing Service in Germany and given the code No:
MHSI15 (7). It has maintained on TSB dlants at 4°C and subcultured
each month intervals.

Fungal isolate:
Aspergillus niger has been obtained from the Department of Plant
Protection/ College of Agriculture, University of Baghdad.

Growth density of B. subtilis on modified tryptone soya broth:

Method of Hung et al (4) has been applied. Bacillus subtilis
MHSI15 has been grown on Tryptone soya broth media supplemented
within different concentrations of 0.5, 1, 2, 3 and 5 mM from stock
solution of 50 m M of ferrous sulfate heptahydrate, manganese sulfate
monohydrate, magnesium sulfat heptahydrate, copper sulfate
pentahydrate, and zing sulfate heptahydrate. Each meta sulfate was
added to Tryptone soya broth medium separately. The growth density
(O.D at 600 nm) was determined using Bioscreen device after the wells
of honeycomb plate being loaded with 300 ul from each sample and
fixed at 37 °C and duration of the run 60 h and the interval 3 hrs
continuous shacking.

Extraction of bacterial supernatant:

Each sample was grown in Tryptone soya broth medium at
37°C for 60 h. The supernatants of cultural media of different
treatments were separated by centrifugation at 10 000 g for 20 min
followed by filteration (sterilization) through 0.22um membrane filter
to remove the bacteria cells. This supernatant considered as a crude
extract containing antifungal substances and kept in sterilized plastic
tube for determination of antifungal activity or further uses (15).

Deter mination of antifungal activity

The antifungal activity against Aspergillus niger was determined
according to poisoned food technique according to method described
by Grover and Moore (3).

Twenty five ml aliquots of sterilized potato dextrose agar media

358




dail yall dlaoll
Glazimll dslons Joull Sgnal

(2) as2d1 (7) alaell
2015 sl

which supplemented separately with 35%, v/v of sterilized bacterial

supernatants as a crude antifungal agent extract. Media were poured in

sterilized plates under aseptic conditions, allowed to cool and solidify.

Six mm discs (from the edge) of six days old culture from the tested

fungi were inoculated at the centre of PDA Petri dishes. The plates

were incubated at 26°C for 5-7 days. The Petri dishes containing media

free of the supernatant served as control. After incubation, the colony

diameters for the fungi at each plate were measured in millimeter (13).
The percentage inhibition of mycelial growth was calculated using

the formula:

Percent of inhibition=C-T/C* 100

Where C = ml of mycelial growth in control plate.

T = ml mycelia growth in treatment plate.

Results and Discussion:

The biosynthesis of antifungal substances by spore forming
Bacillus is not only highly dependent on medium composition but also
on cultivation conditions as well such as incubation temperature and
incubation period....etc. (1, 10). Metals are an integral part of
metabolic process of all microorganisms and some of them are vital
components of living systems and known as essential metal ions.
Secondary metabolisms are affected by the presence or absence of
these essential metal ions, as they may be responsible for activation of
some of the biosynthetic pathways (11).

Optimized conditions were carried out to know the effect of
divalent metal cations (FeSO4.7H20, MgS0O4.7H20, MnS0O4.H20,
CuS04.5H20 and ZnS04.7H20) on growth density and antifungal
activity of B. subtilis MHS15, using the basic media (TSB containing
individual concentrations:1, 2, 3 and 5 mM of previous metal salts)
Untreated culture (TSB free of metal salts) serving as control. Only two
salts, FeS04.7H20 and MgS04.7H20 at concentrations of 1 and 2 mM
were found to be cause a significant enhancement of growth density
and antifungal activity, whereas the maximum optical density of 2.137
and 1.993 were obtained at 1 mM of FeSO4. 7H20 and MgSO4. 7TH20
respectively compared with 1.993 for control. There was less increase
of growth density when 2 Mm of both metal sulfates used (Fig 1 and 2).
Bacillus exposed to various metal ions in their environment which are
sometimes beneficial or detrimental depending on the chemical/
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physical nature and oxidation state of the metal ion (8). Iron is an
essential nutrient for living agents due to its noticeable activity in
electron transport reactionsin biological systems.
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Fig (1): Effect of different metals at a concentration of 1 mM on growth
of Bacillus subtilis MHS15. Each value represents the mean of three
tests.
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Fig (2): Effect of different metals at a concentration of 2 mM on
growth of Bacillus subtilis MHS15. Each value represents the mean of
three tests.
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The higher concentrations of previous salts had no effect on
cultural growth. In contrast, the salts ZnSO47H20., CuSO4. 7H20 and
MnSO4 suppressed growth of B. subtilis MHS15 (Fig 3 and 4). The
maximum inhibition against Aspergillus niger observed using 1 mM
FeSO4. 7H20 was 68.2% with an increase of 70.7% comparing with
the maximum inhibition 48.2% by the control (Fig 5 and 6) and the best
inhibition was noticed at stationary phase after 45 h of the growth.
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Fig (3): Effect of different metals at a concentration of 3 mM on
growth of Bacillus subtilis. Each value represents the mean of three
samples.
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Fig (4): Effect of different metals at a concentration of 5 mM on
growth of Bacillus subtilis. Each value represents the mean of three
samples.
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Fig (5): Comparison between inhibition % of A. niger by Bacillus
subtilis MHS15 supernatant grown on TSB with FeSo4.7H20 or
MgSo4.7H20 and without at 37°C for 60 hours. Each value represents
the mean of three samples.
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Conclusions:

The finding of the present work is an important step towards
selection of an optimum medium (TSB supplemented with 1 mM of
FeSO4.7H20 and MgS04.7H20) which helps to gain the optimum
growth and antifungal activity of antagonistic Bacillus subtilis MHS15.
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