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Abstract

Secondary metabolites of bacteria can be used to control
microorganisms. In this study, the antimicrobial activity
properties of Bacillus isolates from Apis mellifera and Varroa
destructor have been determined. The antimicrobial activities
of Bacillus species against some bacteria and pathogenic yeast
(Candida albicans) were investigated according to the disc
diffusion method. As a result of the research, secondary
metabolites of Bacillus isolates used in the study inhibited the
development of the tested microorganisms at different rates
(1.1-8.4 mm inhibition zone). Two isolates GAP2 (Bacillus
subtilis) and GAP9 (Bacillus thuringiensis) showed high
antibacterial activity. Most of the metabolites isolated from
bacterial isolates were shown to be sensitive to Escherichia coli
ATCC2471 and Serratia marcescens ATCC13880 (p<0.05). It was
determined that the products obtained from GV6, GV7, GAP7,
GAPS8, GAP11, GAP13, and GAP15 isolates did not affect any of
the bacteria used in the experiments (p<0.05). It is thought
that Bacillus strains producing secondary metabolites,
especially GAP2 and GAP9 isolates, may have the potential to
be used in various applications for saprophytic and pathogenic
microbes in medicine, veterinary medicine, agriculture, and the
food industry.

Anahtar Kelimeler: Antimicrobial; Antifungal; Bacillus; Bacteria,; Disc
diffusion assay; Microbiology.
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Oz

Bakteriyal sekonder metabolitler, mikroorganizmalari kontrol
etmek icin kullanilabilir. Bu ¢alismada Apis mellifera ve Varroa
destructor'dan elde edilmis olan farkli Bacillus izolatlarinin
antimikrobiyal aktivite ozelliklerinin belirlenmesi
amaglanmigtir. Bacillus tiirlerinin bazi bakteri ve patojen
mayalara (Candida albicans) karsi antimikrobiyal aktiviteleri
disk diflizyon yontemine gore arastirildi. Arastirma sonucunda
calismada  kullanilan  Bacillus  izolatlarinin  sekonder
metabolitleri, test edilen mikroorganizmalarin gelisimini farkl
oranlarda (1,1-8,4 mm inhibisyon bolgesi) inhibe etmistir. GAP2
(Bacillus subtilis) ve GAP9 (Bacillus thuringiensis) yiksek
antibakteriyel aktivite gostermistir. Bakteriyel izolatlardan izole
edilen metabolitlerin ¢ogunun Escherichia coli ATCC2471 ve
Serratia marcescens ATCC13880'e duyarli oldugu gorildu
(p<0,05). GV6, GV7, GAP7, GAP8, GAP11, GAP13 ve GAP15
izolatlarindan elde edilen drinlerin deneylerde kullanilan
bakterilerin higbirine etkisinin olmadigi belirlendi (p<0,05).
GAP2 ve GAP9 izolatlari basta olmak lizere sekonder metabolit
Ureten Bacillus suslarinin tip, veterinerlik, tarim ve gida
endustrisinde saprofitik ve patojenik mikroorganizmalara
yonelik cesitli uygulamalarda kullanilma potansiyeline sahip
olabilecegi diistinilmektedir

Keywords: Antimikrobiyal; Antifungal; Bacillus; Bakteri; Disk difiizyon
testi; Mikrobiyoloji

1. Introduction

Microbial secondary metabolites are small molecules
with unique structures produced by bacteria at late
growth stages, which are generally not essential for the
growth of microbial cultures but are essential for human
health, nutrition, and economy (Ruiz et al. 2010). The
use of antibiotics and the potential for the discovery of
new antibiotics has become even more important with
the discovery of secondary metabolites (Spellberg 2014).
incorrect use of

However, the widespread and

antibiotics brings the issue of antibiotic resistance to the
forefront. Aside from preventing the development of
with
microorganisms have responded to this situation by

resistance increased usage of antibiotics,
developing many types of resistance, and as the use of
antimicrobial drugs increases, so does the level and
complexity of bacterial pathogen resistance mechanisms
2006).

development of novel antibiotics is critical. Despite their

(Tenover Therefore, the discovery and

natural difficulty, new antimicrobial substances may be
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identified by screening and isolating bacteria that
generate them (Barsby et al. 2002, Ren et al. 2007).

Like each organism, insects have their microbial flora.
This flora is contaminated by other microorganisms from
other called

the environment or organisms

'entomopathogens', which are bacteria, fungi,
nematodes, and protozoa. These pathogens cause the
death of insects by synthesizing compounds that will
cause various diseases. There are many studies on insect
pathogens (Miller et al. 2021, Steele et al. 2021, Usta
2021b).

whether the secondary metabolites produced by these

However, more information is needed on
pathogens have lethal or growth-inhibitory effects.

Today, there is a need for more studies on the use of
biological control agents to protect biological diversity
and combat diseases naturally. Some compounds are
naturally synthesized by bacteria and show antimicrobial
activity on other bacteria. These compounds are
generally short-chain proteins with low molecular weight
(Akkog et al. 2009). Unlike antimicrobial peptides, there
are also secondary compounds with different structures
synthesized by bacteria (Keswani et al. 2020, Sansinenea

and Ortiz 2011).

As the use of antimicrobials increased, the resistance
mechanisms introduced by pathogens increased and
became more complex. The emergence of strains
resistant to antimicrobials and the unconscious use of
antibiotics has led to the search for natural substances
(Bérdy 2005, Cowan 1999, Demain and Fang 2000,
Keswani et al. 2020, Nabavi et al. 2014, Sansinenea and
Ortiz 2011). Bacillus, Lysinibacillus, and Brevibacillus
species are among the most studied organisms in terms
of their ability to produce antimicrobial substances
(Demirkan et al. 2021, Perez et al. 1993, Prashanthi et al.
2021).

Bacillus genus microorganisms of the Bacillaceae family
are rod-shaped bacteria that create endospores, are
normally gram-positive, have peritrack flagella and
motile flagella, and are aerobic or facultative anaerobes
(Turnbull 1996). In addition to the convenience of
isolation and production of Bacillus, and the use of many
enzymes produced by Bacillus in various industrial areas,
the secondary metabolites they produce are the most
striking (Rosovitz et al. 1998, Johnvesly et al. 2002).

The primary goal of this study is to identify the
antibacterial properties of secondary metabolites from
various Bacillus species. The aim is to investigate and
evaluate the potential antibacterial properties of
secondary metabolites derived from these bacteria

against a variety of harmful pathogens. The findings

suggest that antimicrobial chemicals derived from
Bacillus might be used as alternative treatment and
preventative measures in future medicinal or agricultural
applications and for the discovery of antibiotics.
Furthermore, this research can help to further the
discovery of antimicrobial chemicals derived from

natural sources and increase biological control.
2. Materials and Methods

2.1. Bacterial strains

The bacterial strains in this study have been previously
(Usta 2021b, 2021a).
Supernatant samples containing secondary metabolites

isolated and determined

were obtained from these previously described bacteria
(Table 1).

Table 1. Bacteria whose secondary compounds are used in the
disk diffusion susceptibility test.

Isolate Bacterium Host References

codes Name

GV1 Pantoea Varroa Usta 2021a
dispersa destructor

GV3 Lysinibacillus Varroa Usta 2021a
macroides destructor

GV4 Bacillus Varroa Usta 2021a
mycoides destructor

GV5 Lysinibacillus Varroa Usta 2021a
fusiformis destructor

GV6 Pseudomonas Varroa Usta 2021a
lutea destructor

GV7 Lysinibacillus Varroa Usta 2021a
varians destructor

GAP1 Bacillus cereus Apis mellifera Usta 2021b

GAP2 Bacillus subtilis  Apis mellifera Usta 2021b

GAP4 Bacillus Apis mellifera Usta 2021b
megaterium

GAP6 Bacillus Apis mellifera Usta 2021b
nakamurai

GAP7 Bacillus mobilis ~ Apis mellifera Usta 2021b

GAP8 Bacillus Apis mellifera Usta 2021b
pacificus

GAP9 Bacillus Apis mellifera Usta 2021b
thuringiensis

GAP11  Bacillus Apis mellifera Usta 2021b
vallismontis

GAP13  Bacillus Apis mellifera Usta 2021b
velezensis

GAP14  Bacillus flexus Apis mellifera Usta 2021b

GAP15  Bacillus Apis mellifera Usta 2021b

paramycoides

2.2. Antimicrobial activity

The disc diffusion assay method was used for the
detection of the antimicrobial activity of strains (Table
1). Antimicrobial activity of the strains was evaluated
ATCC 27853,
Enterobacter cloaceae ATCC2468, Enterococcus faecalis

against  Pseudomonas aeruginosa
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ATCC51299,
pneumoniae
ATCC10792,
Serratia

Escherichia coli ATCC2471, Klebsiella
ATCC700603, Bacillus  thuringiensis
typhimurium  ATCC13311,
marcescens  ATCC13880,
epidermidis ~ ATCC14990, Staphylococcus  aureus
ATCC25923, Streptococcus faecalis ATCC 9790, Yersinia
pestis ATCC 19428 and Candida albicans ATCC10351.
These selected bacteria are also clinically important as

Salmonella
Staphylococcus

they are human pathogens. Firstly, Mueller-Hinton Agar
(MHA) (1038720500, Merck) and Mueller-Hinton Broth
(MHB) (1102930500, Merck) mediums were prepared in
accordance with the manufacturer's instructions for
bacterial strains and the fungal strain were used Potato
Dextrose Agar (PDA)(Merck 70139) and Potato Dextrose
Broth (PDB)(Merck P6685).
autoclaved, MHA/PDA was dispensed in sterile circular

After the media were

Petri dishes with a diameter of 90 mm and a thickness of
4 £ 0.5 mm, while the liquid one (MHB/PDB) was directly
stored in a 4 °C fridge after cooling. The pH was adjusted
to 7.2-7.4 for bacterial media and 5.3 for fungal media.
Bacteria from Table 1 were initially resurrected by
getting them from -80 stock and inoculating a single
colony into a Nutrient agar (NA) medium. Bacterial
strains were inoculated in 3 ml Mueller Hinton broth
(MHB) and incubated at 30 °C for 48 hours. The
supernatants were collected by centrifugation at 13000
rom for 15 min. Then, the supernatant was filtered by a
membrane filter (0.22 um) and stored at 4 °C. The test
microorganisms were grown in Nutrient Broth (NB)/PDB
and at 37°C/ 30 °C for 16-18 h.

The disc diffusion test was used for the detection of
antibacterial activity. The experiments in the current
study were performed based on Kirby-Bauer's method
(Barry et al. 1970, Bauer et al. 1966). A hundred
microliter of each test microorganism suspension
adjusted at 108 cfu/ml was spread on MHA/PDA. The
previously sterilized discs (5 mm diameter, Whatman no
1) were placed on the same plates. A 100 pl of filtered
supernatant of each sample was absorbed into discs. The
plates were incubated at 37 °C for 16-18 h and Candida
albicans was incubated at 30 °C for 16-18 h. In the
study, 10 mg/ml Kanamycin was utilized as a positive
control for all bacterial groups, while 10 mg/ml Penicillin
solutions were employed in Candida albicans studies.
The inhibition zone diameters were recorded (Sharma et
al. 2014) (Figure 1).

2.3. Statistical analysis

One-way analysis of variance (ANOVA) was run to
determine any significant differences in the study groups
by Duncan multiple range test was performed through

SPSS (Statistical Package for Social Sciences, version 28,
Chicago, IL, USA),
determined at p < 0.05.

and the significance level was

Figure 1. Determination of the inhibition effect of Bacillus sp.
seconder metabolites against some human pathogen bacteria
and fungus by disc diffusion method.

3. Results

In this study, the total extracellular products with
secondary compounds produced by 16 bacterial isolates
were used to determine the effects on some other
pathogenic bacteria. These bacterial isolates, which were
identified in the previous studies, are given again in the
material and method section. It was determined that the
compounds produced by GAP2 and GAP9 isolates
affected all applied bacterial strains except the GAP2 and
GAP9 products on Salmonella typhimurium ATCC13311
(p<0.05, F (16,36) =16.39). It was determined that the
products obtained from GV6, GV7, GAP7, GAP8, GAP11,
GAP13, and GAP15 isolates did not affect any of the
bacteria used in the experiments (p<0.05) (Table 2).

The results revealed that the pathogenic bacterium
Serratia marcescens ATCC13880 formed the most zones
from the total secondary metabolites obtained from
GAP2, and there was a significant difference when
compared to the control group (p<0.05, F (16.36)
=91.059) (Table 2). Most of the metabolites isolated
from bacterial isolates were shown to be sensitive to
Escherichia coli ATCC2471 and Serratia marcescens
ATCC13880 (p<0.05). Total
obtained from GV1 (Pantoea dispersa) were found to be

secondary metabolites

effective against the test microorganisms Escherichia coli
and Serratia marcencens (p<0.05) (Table 2). Of the
metabolites isolated from GV3 (Lysinibacillus macroides),
it was determined to be effective only on Escherichia coli
and was determined as zone 2.2 mm (p<0.05, F (16.36)
=22.801) (Table 2). When the results of GV4 (Bacillus
mycoides) are evaluated, except for Pseudomonas
aeruginosa ATCC27853 and Enterobacter cloaceae
ATCC2468, it was determined that it is effective on
ATCC2471,

Escherichia coli Klebsiella pneumoniae
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ATCC700603, Salmonella

Serratia

typhimurium ATCC13311,
ATCC13880,
epidermidis ATCC14990 and Staphylococcus aureus
ATCC25923,
ATCC13880 in the most susceptible pathogen bacterium
(inhibition zone 6.3 mm) (p<0.05, F (16.36) =16.694)
(Table 2). from GV5
fusiformis) were recorded to act on Pseudomonas

marcescens Staphylococcus

and especially Serratia  marcescens

The extracts (Lysinibacillus

ATCC2471,
Serratia marcescens ATCC13880 and Staphylococcus

aeruginosa ATCC27853, Escherichia coli

aureus ATCC25923 and create a 7.1 mm zone of
inhibition, especially in Serratia marcescens ATCC13880
(p<0.05, Table 2). GAP4 (Bacillus megaterium) isolates,
Pseudomonas aeruginosa ATCC27853 and Enterobacter
cloaceae ATCC2468 were found to be effective, and their
zones of inhibition were similar (p>0.05, Table 2).

Table 2. Antibacterial activity of some bacterial isolates against human pathogen bacteria

Isolate Pseudomonas  Enterobacter Escherichia Klebsiella Salmonella Serratia Staphylococcus ~ Staphylococcus

Codes aeruginosa cloaceae coli pneumoniae  typhimurium  marcescens epidermidis aureus
ATCC27853 ATCC2468 ATCC2471 ATCC700603 ATCC13311 ATCC13880 ATCC14990 ATCC25923

GV1 Nz Nz 1.1+0.28a Nz Nz 6.1+0.97fg Nz Nz

GV3 Nz Nz 2.2+0.57b Nz NZ Nz NZ Nz

GV4 Nz Nz 4.0+1.15d 4.2+1.15de 4.0+1.21d 6.3+0.17fg 5.240.34ef 3.241.21c

GV5 5.1+0.57ef Nz 3.0+0.47c Nz NZ 7.1+1.62gh Nz 4.0+0.07d

GV6 Nz Nz Nz Nz NZ Nz NZ Nz

GV7 Nz Nz Nz Nz NZ Nz NZ Nz

GAP1 Nz Nz 3.0+0.57c Nz NZ 6.010.09f NZ 5.1+0.76ef

GAP2 4.0+0.67d 4.1+1.15de 5.0+1.15e 5.0+0.61e 4.0+1.34d 8.410.54h 7.1+0.87g 4.3+0.27de

GAP4 3.140.41c 3.04£0.58c Nz Nz NZ Nz NZ Nz

GAP6 Nz Nz 2.0£0.57b Nz 4.0+1.46d 2.00.13b NZ Nz

GAP7 Nz Nz Nz Nz Nz Nz Nz Nz

GAP8 Nz Nz Nz Nz NZ Nz NZ Nz

GAP9 5.1+0.53ef 6.0+1.15f 5.0£0.51e 3.0+0.45¢ NZ 8.0+0.85h 4.1+0.57de 5.1+0.67ef

GAP11 Nz Nz Nz Nz Nz Nz Nz Nz

GAP13 Nz Nz Nz Nz NZ Nz NZ Nz

GAP14 Nz Nz Nz Nz NZ 5.240.13ef NZ Nz

GAP15 Nz Nz Nz Nz Nz Nz Nz Nz

Control 8.0+£0.57h 7.040.33g 8.1+0.55h 10.0+0.451 10.0+1.15i 12.040.16j 11.05.1+0.57i 8.1+1.15h

Values are mean+standard errors. Mean values within the column followed by the different letter are significantly different at the p<0.05 probability

level using the Duncan test NZ: Non-Zone

In particular, metabolites derived from GAP2 (Bacillus
subtilis) and GAP9 (Bacillus thuringiensis) were found to
be effective on pathogenic bacteria and were close to
the inhibition zones that occurred when compared with
positive control (p<0.05, Table 2). S. marcescens which is
the kanamycin antibiotic is the most effective, which
indicates that it is the most sensitive strain of the
selected bacteria. Therefore, the secondary compounds
of GAP2 showed the greatest zone as 8.4 mm on this
bacterium, showing approximately 700 pg antibiotic
effects. The smallest zone diameter of 1.1 mm was
formed in Escherichia coli due to secondary compounds
produced by GV1, which means that these bacterial
compounds have about 100 pg antibiotic effect as an
equal amount. The amounts of the secondary compound
mixtures used in bacteria that have no zones can be
examined again by concentrating.

4. Discussion and Conclusion

Throughout history, there has been a constant war
between humans and the microorganisms that cause
diseases. As the use of antimicrobials has increased, the
resistance mechanisms revealed by pathogens have
increased and become more complex (Reygaert 2018).

Considering the emergence of strains resistant to
antimicrobials, the unconscious use of antibiotics, and
the economic dimension, studies have been directed to
the search for natural substances (Davies and Davies
2010). Therefore, it is important to investigate from
nature new microorganisms that produce large and
powerful antibiotics. Bacillus species are among the
most studied organisms in terms of their capacity to
produce antibiotics (Perez et al. 1993).

Since in our preliminary studies, it was determined that
there was no effect on bacterial groups from 24-hour
secondary metabolite production of bacterial isolates,
the the effects of
especially after 48 hours of growth.

we determined increase in
metabolites,
Generally, in Bacillus, the time of antibiotic activity is
between 24-72 hours of incubation. The time at which
the maximum antibiotic activity occurs changes,
depending on the particular species of Bacillus. This
phenomenon may be observed because different species

have different metabolic pathways (Hosoya et al. 1998).

According to the results of this study, all the treated
bacteria were affected by secondary compounds

belonging to Bacillus species, especially B. subtilis (GAP2)

4
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and B. thuringiensis (GAP9). E. cloacae, K. pneumonia, S.
typhimurium, and S. epidermidis are affected only by
secondary compounds of Bacillus species. These results
are not surprising because the genus Bacillus is already
known to produce bioactive substances that have the
potential to be used against agricultural pests, in the
pharmaceutical industry, and in the production of
biosurfactants (Kaspar et al. 2019, Stoica 2019, Wang et
al. 2015).

Gram-positive and Gram-negative bacteria showing
antibacterial activity by Bacillus strains have been
reported to include Yersinia enterocolitica, Micrococcus
flavus, Staphylococcus aureus (Chatterjee et al. 1992,
Aslim and Yucel 2008), Escherichia coli (Perez et al. 1992,
Aslim and Yucel 2008), Pseudomonas aeruginosa (Perez
et al. 1992) and Micrococcus luteus (Perez et al. 1993).
Especially in our study, it was shown to be effective on
Escherichia coli, and

Staphylococcus  aureus,

Pseudomonas aeruginosa.

Serratia marcescens is a harmful pathogen that causes
low birth-
weight infants, and it is known to develop antibiotic

mortality, particularly in preterm and
resistance (Atmaca et al. 2018). Furthermore, it can be
fatal owing to infections in the eye and urinary system
(Zivkovic et al. 2023). It was discovered to be especially
susceptible to secondary metabolites produced by GAP2
(Bacillus subtilis). It may also be utilized as a probiotic for
B. subtilis in humans (Hong et al. 2005, Hong et al. 2023).
The results of the research support the literary theory.
GAP2 metabolites have the potential to be employed

both for S. marcescens infections and as probiotics.

The results of this study showed that many strains of the

Bacillus  community from natural isolates have

antimicrobial activity against clinically important

bacteria. Bacillus sp. is increasing bacteria resistance to
As a
increasing interest in using metabolites generated by

conventional antibiotics. result, there is an

bacteria as antimicrobials against human pathogenic
microorganisms. Bacillus strains that produce secondary
metabolites can be employed in a variety of applications

for saprophytic and pathogenic microbes in medicine,
veterinary medicine, agriculture, and the food industry.
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