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Abstract: The aim of this research was to investigate the
possibility of antimicrobial substances production in a
medium containing different carbon and nitrogen
sources using Streptomyces hygroscopicus. Screening of
antimicrobial activity included 6 test microorganisms:
Aspergillus niger, Candida albicans, Staphylococcus
aureus, Enterococcus faecalis, Escherichia coli and
Pseudomonas aeruginosa. The cultivation was carried
out under aerobic conditions at 27°C for 168 h. The
diffusion-disc method was employed to determine the
antimicrobial activity of cultivation broths. According to
the results, Streptomyces hygroscopicus has showed
ability to produce antimicrobial substances against the
examined fungi and Gram-positive bacteria in applied
experimental conditions.
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1. INTRODUCTION

The increasing problem of antibiotic resistance
presents a challenge for many research groups in the way
of not only finding and exploring the potential of new
bioactive substances, but also developing rational
approaches for their production. The results of extensive
studies led to discovery of about 4000 antibiotic
substances produced by bacteria and fungi. Great amount
of them are produced by streptomycetes, including
aminoglycosides, macrolides, peptides, polyenes,
polyether, tetracyclines, etc [1]. Extracellular metabolites
from Streptomyces isolates are of high economical and
biotechnological value due to importance of their
superior antifungal and antibacterial activity [2,3].
Potential to produce more than one antifungal agent is in
accordance with activity against fungal strains that
belong to different taxonomic groups [4]. Additionaly,
significant amount of the commercially and medically
used antibiotics, around 75%, are produced by
filamentous bacteria, while about 60% are used in
agriculture [2].

When it comes to the quality and quantitaty of
secondary metabolites production, it is clear that they
depend on the strains and species of microorganisms
used, and also on their nutritional and cultural conditions
[5]. Different carbon and nitrogen sources used in the
cultivation medium have a great influence on synthesis
of chemically distinct biological metabolites. Medium
content and production conditions should stimulate the
synthesis of secondary metabolites [6,7]. On the other
hand, there is also a focus on possibility to find and
utilize some cheaper nutrients, which could replace the
traditional ones, and significantly decrease production
costs [8].

Aspergillus niger presents one of the the most
important fungiused in Dbiotechnology, but also
contaminant commonly present in food. It has a potential
to produce two different groups of mycotoxins:
fumonisins and ochratoxins. It is important to mention
that it can cause various plant disorders and post-harvest
contamination of some agricultural products [9,10].

Although Candida albicans normally resides in the
human body, combination of different factors can lead to
even potentially life-threatening systemic infections.
Pathogenic potential of Candida albicans is based on
different virulence factors and a number of atributes, like
effective nutrient acquisition systems, metabolic
adaptation, polymorphism, ability to form biofilms,
environmental stress response and many others [11].

Staphylococcus aureus is Gram-positive bacterium,
with a great resistance against all classes of antibiotics
that can be explained by two different mechanisms: gene
mutation and horizontal gene transfer. Infections caused
by Staphyloccocus aureus may be the result of direct
infection or the production of bacterial toxins [12].

Enterococcus faecalis is Gram-positive bacterium,
well-known as a normal member of the human
gastrointestinal tract. Also, it is associated with the
majority of human enterococcal infections [13].

Escherichia coli is Gram-negative bacterium and one
of the most thoroughly studied bacterial species. While
most isolates are common inhabitants of the
gastrointestinal tract, some strains have developed



pathogenic mechanisms and ability to cause diseases in
humans and animals [14].

Pseudomonas  aeruginosa is  Gram-negative
microorganism, medically significant for its potential to
cause a broad spectrum of opportunistic infections. It has
abillity to grow in a medium with minimal nutritional
requierements, and it is difficult to control with
antibiotics [15].

The principal aim of this research was to examine the
possibility of antimicrobial substances production in a
medium containing different carbon and nitrogen sources
using Streptomyces hygroscopicus. This study inolved
the following test microorganisms: Staphylococcus
aureus and Enterococcus faecalis as representatives from
Gram-positive  bacteria,  Escherichia  coli  and
Pseudomonas aeruginosa as representatives from Gram-
negative bacteria. Antifungal activity was examined
using Aspergillus niger and Candida albicans.

2. EXPERIMENTAL

2.1. Producing microorganism

The producing microorganism used for experiments
was Streptomyces hygroscopicus, isolated from soil
samples collected from various locations from the
territory of Novi Sad, Serbia and stored in the Microbial
Culture of the Faculty of Technology Novi Sad, Serbia.
According to the Bergey’s Manual of Systematic
Bacteriology, the isolate was identified as Streptomyces
hygroscopicus, by analysing morphological, biochemical
and physiological properties.

2.2. Cultivation medium

The medium for the growth of producing
microorganisms contained following components (g/L):
glucose (15.0), soybean meal (10.0), CaCOs, (3.0), NaCl,
(3.0), MgSO0y,, (0.5), (NH4),HPO,, (0.5), K,HPO,, (1.0).
Medium for biosynthesis of antimicrobial substances
consisted of the different combinations of carbon and
nitrogen sources. The amount of carbon sources used in
experiments (maltose, fructose, lactose, glycerol and
starch) was 15.0 g/L. Nitrogen source (yeast extract,
soybean meal, peptone, NaNO;) amount was calculated
to be equal to nitrogen quantity present in 10.0 g/L of
soybean meal. The cultivation medium was inoculated
with 10% (v/v) of a preculture grown for 48 h.
Production was carried out during the next 168 h, at
27°C under standard conditions of aeration, with
agitation using rotary shaker at 150 rpm. In the end of
bioprocess, after 7 days, cultivation broth samples were
centrifuged at 10 000 g (Eppendorf Centrifuge 5804th)
for 10 min. After the separation of solid and liquid phase,
supernatant was evaporated to achieve 1/10 of the initial
volume, using rotary vacuum evaporator (Rova-100,
MRC, London, UK) and used for the further analysis.

2.1. Analytical methods

The antimicrobial activity of the cultivation medium
was determined using test microorganisms by diffusion -
disc method. After seeding Petri dishes with test
organisms, sterile discs (HiMedia, India) were
impregnated with previously concentrated supernatant,

dried and placed onto them. After incubation at 30°C for
48 hours, the inhibition zone diameters were measured
by a special ruler (HiAntibiotic ZoneScale, Himedia ®).

3. RESULTS AND DISCUSSION

Depending on nutritional and cultural conditions,
Streptomyces hygroscopicus has ability to produce a
great number of secondary metabolites which have a
wide spectrum of biological activities. The chemical
diversity of substances with antibacterial and antifungal
activity is fueled by the emergence of different
biosynthetic pathways in secondary metabolism [16].

Two-way ANOVA was employed to determine
whether there are significant differences between
inhibition zone diameters obtained by assaying
Streptomyces sp. against examined bacteria and fungi, as
a result of using different test microorganisms and
different carbon and nitrogen sources in cultivation
medium. ANOVA results showed that effects of carbon
and organic nitrogen sources, test microorganisms, as
well as their interaction, were significant (p-values less
than 0.05) (Table 1).

Table 1. Univariate tests of significance for inhibition
zone diameters [mm]

Effect SS DF MS F P -
value
Intercept 20850.70 1 20850.70 | 22044.80 | *0.0000
CandN 1582.17 | 29 | 54.56 5768 | *0.0000
| Test 48.15 3 16.05 1697 | *0.0000
mlcrorganlsm
CandN-Test | 151648 | g7 | 1398 1478 | *0.0000
mlcrorgamsm
Error 11350 | 120 | 0.95

C — carbon source; N — nitrogen source; SS — sum of
squares; DF — degree of freedom; MS — mean square
*statistically significant difference

The obtained results clearly indicated opposed
susceptibility of Gram-positive, Gram-negative bacteria
and fungi to Streptomyces hygroscopicus antimicrobal
substances, which can be explained by the existing

morphological differences between these
microorganisms. Gram-negative bacteria cell walls
create an impermeable barrier consisting of thin

peptidoglycan layer, surrounded by a thick membrane.
Results of this study have revealed that antimicrobial
substances produced by Streptomyces hygroscopicus
hadn't showed any activity against tested Gram-negative
bacteria. On the other hand, Gram-positive bacteria have
only one layer of peptidoglycan, which is not sufficient
to protect them from the produced antimicrobial
substances. Similar to that, cell walls of fungi are made
of glycoproteins and polysaccharides, thus making them
more sensitive to antifungal substances activity [1,17].
Results of this study also confirmed that utilization of
different carbon and nitrogen sources in cultivation
medium reflects on the intensity of the antimicrobial
effect on test microorganisms, probably caused by
diversity of produced metabolites. Production of
different metabolites arises from intracellular
intermediates, which transform into more complex
structures through specified biochemical pathways. The
source of nitrogen is often crucial factor due to the fact




that it strongly influences the metabolites formation.
Beside the type of nutrient, the synthesis is influenced by
their concentration and availability in the culture media,
which also affect the biomass growth [16,18].

Figures 1-4 were generated in order to determine the
optimal combination of carbon and nitrogen sources for
production of antimicrobial substances effective against
tested microorganisms. In applied experimental
conditions, production of antifungal metabolites is
increased by the presence of fructose or glycerol in
cultivation medium that doesn't contain nitrogen.
Considering economical aspect, beside the fact that
nitrogen is not necessary for production, possibility to
utilize glycerol in a cultivation media preparation is a
significant benefit. It is a cheap by-product of
transesterification in biodesel production, with a great
potential to be used in fermentation as a carbon source
[19]. Also, significantly large inhibition zone diameters
for Aspergillus niger were obtained using cultivation
medium that contains starch and soybean meal, while in
case of Candida albicans it was combination of glycerol
and peptone.
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Fig. 1. Inhibition zone diameters obtained using different
carbon and nitrogen sources in cultivation medium for

Streptomyces hygroscopicus against Aspergillus niger
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Fig. 2. Inhibition zone diameters obtained using different
carbon and nitrogen sources in cultivation medium for

Streptomyces hygroscopicus against Candida albicans
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The results presented in Figures 3 and 4 show that
production of antibacterial substances against Gram-
positive bacteria was the highest in a medium also
containing fructose, and without nitrogen source. Large
inhibiton zone diamater was obtained in the case of
Staphylococcus aureus in the presence of peptone as a
nitrogen source in combination with fructose. Also,
cultivation in the medium without nitrogen source, but
with maltose as a carbon source, stimulated production
of metabolites with antibacterial activity against
Staphylococcus aureus.
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Fig. 3. Inhibition zone diameters obtained using different
carbon and nitrogen sources in cultivation medium for
Streptomyces hygroscopicus against Staphylococcus
aureus
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Fig. 4. Inhibition zone diameters obtained using different
carbon and nitrogen sources in cultivation medium for

Streptomyces  hygroscopicus — against Enterococcus
faecalis
4. CONCLUSION

The results of this study have pointed out that
Streptomyces hygroscopicus has ability to produce
antimicrobial substances effective against the examined
representatives from Gram-positive bacteria and fungi
using different carbon and nitrogen sources. The medium
content that provided the best results of antimicrobial
metabolites production contained fructose as a carbon
source, and no nitrogen source. Also, this study



confirmed the necessity to investigate the medium
composition and further analysis should involve
optimization of nutrients content in order to obtain
highly efficient antimicrobial substances.
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