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Abstract

Water samples, bottom sediments and biofilms of lake were investigated to the microbial diversity. One hundred
twenty-two isolated microorganisms were identified by cultural, morphological and biochemical characteristics.
Bacterial strains were screened to evaluate their ability to produce amylase, catalase, lipase and cellulase
enzymes. Aquatic bacterial strains are active producers of valuable exoenzymes with antimicrobial properties.
Isolates demonstrated developed enzymatic complex and antifungal activity against phytopathogens - Alternaria
alternata, Botrytis cinerea, Fusarium solani, Fusarium oxysporum. Most active and stable to enzymatic and
antifungal activities strains were identified as: Bacillus velezensis (Bacillus amyloliquefaciens) and Micrococcus
yunnanensis (Micrococcus luteus) by PCR-based molecular analysis. Due to results of antagonistic activity in
this study aquatic bacteria are promising for application in agriculture sector.

Keywords: bacteria, activity, phytopathogen, enzyme.
1. Introduction

The water quality depends on pollutants (inorganic and organic) like chemical, biological,
radiological, and physical. Organic water pollutants include organic pollutants from
wastewater, fertilizers, pesticides, agricultural substances, forestry, food processing industry
[15]. Water bacterial composition represents soil microorganisms formed from predominate
strains also adapted to the localization conditions and water quality. Water pollution with
organic substances are led by an increase in bacterial and fungal contamination. The same
water microbial composition plays an important role in the process of self-purification from
organic waste, which is used by the microorganism [14]. Lake ecosystems provide
irreplaceable water resources for humans and microbiomes of the lake are suitable
bioresources for the agriculture field. Microbial diversity of natural water ecosystems like
lakes, and basins are a source of diverse microorganisms unique by their properties. Studies
have shown that microbes identified in lakes are associated with water quality parameters and
environmental conditions and their antimicrobial potential is promising for large application
from the food industry to the pharmaceutical industry [3, 19, 23]. According to the literature,
a lot of authors identified aquatic potential bacteria with high antagonistic activity due to
developed enzymatic complex against pathogenic microorganisms which can be dangerous
agents and cause many diseases.

Phytopathogenic fungi are mycotoxin producers caused to inflorescence disease, roots
and seeds on agricultural crops and represent an important risk for humans. Fruit and
vegetables production is greatly affected by major bacterial and fungal phytopathogens.
Bacterial wilt can result in up to 100% vyield losses. The most important fruit spoilage are
caused by Alternaria alternate, Alternaria solani, Botrytis cinerea, Fusarium sp.,
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Pseudomonas syringae, Xanthomonas vesicatoria etc. Biologics based on antagonist bacteria
are an alternative to chemical pesticides and an important element of a complete protection
system in modern crop production, which allows for the reduction of the norms of the use of
chemicals [21].

In this work, we isolated and identified bacteria from the lake with antagonist activity
against fungal phytopathogens with the potential to be used in biological control of plant
diseases.

2. Methodology

The strains of this study were isolated from the samples of water, bottom sediments and
biofilms at the La Izvor Lake. Before each culture suspension was diluted until 1078, 10 g/ml
of sample suspensions and 90 ml of sterile distilled water were prepared. For bacterial
identification, dilutions were inoculated in plates with nutrient medium TSA, Kings B, SS
agar, KIA, Endo and incubated at 28 °C for 72 hours.

To determine enzymatic activity, we used the method of inoculation on agarized selective
media of different compositions. Bacterial isolates were screened using agar plates for testing
amylase, catalase, celullase and lipase production, respectively. After incubation at 30°C for
24-48 hours, starch hydrolysis was determined by flooding the plates with iodine solution and
hydrogen peroxide. Isolates showing zones of clearance were selected as enzyme-producing
bacteria.

The fungal strains were grown in Petri plates on Saburo and malt agarized medium. The
antifungal properties were determined using agar block method incubation at 30°C, 24-48 h.
Fusarium oxysporum CNMN-FF-06, Fusarium solani CNMN-FF-07, Alternaria alternata
CNMN-FF-09, Botrytis cinerea CNMN-FF-10 have been used for antagonistic activity
determination test, they are deposited in National Collection of Non-Pathogenic
Microorganisms Institute of Microbiology and Biotechnology, Moldova.

Molecular techniques for identification were applied to isolated bacterial strains using
PCR-amplification of the 16S rRNA gene and sequencing. The PCR conditions were:
denaturalization for 3 min at 95 °C, 35 cycles of 30 min at 95 °C, 30 s at 53°C, 1 min at 72 °C
and the final extension for 7 min at 72 °C, thereafter PCR products were cleaned following
the manufacturer instructions. The PCR-products were sequenced in an Applied Biosystems
3500 Genetic Analyzer.

3. Results and discussion

One hundred twenty-two microorganisms were isolated from the water, biofilms and
bottom sediments sampled of the lake. Isolates were identified based on the morphological,
cultural and biochemical characteristics using different tests as: catalase, mannitol, citrate,
urease, test CAMP, starch hydrolysis test, BEA test, nitrate reduction test, oxidase test,
coagulase test, motar agar test, Methyl Red / Voges-Proskauer (MR/VP), test at MacConkey
agar, sulphur reduction test (SIM). Preliminary analysis of phenotypic and morphological
characteristics suggests the presence of the following microbial diversity: Bacillus sp.,
Actinobacteria sp, Enterococcus sp., Micromyces and Pseudomonas sp. The results of the
microorganisms’ identification from analyzed samples, based on the study of their cultural
and morphological properties were supplemented after the study of biochemical
characteristics as well as genetic analysis.
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At result 65 strains were selected for further investigations to evaluate their ability to
produce amylase, catalase, lipase, cellulase enzymes and antifungal activity. After adding
iodine solution on plate, strains showed (or not) zones of clearance. Among the 65 bacterial
strains 41,5% are possessed activities on three from four named enzymes, and 10,7% of the
strains possessed activities to all four enzymes. The most of isolates have been shown
amylase (48%) and catalase (61%) activity.

According to the literature, bacterial community is associated with water quality
parameters and environmental conditions. Author Babich et al. studied the microbial diversity
in water samples and bottom sediments of Lake Baikal and identified a widespread
representative of the genera Bacillus, Micrococcus, Acinetobacter and phylogenetic groups of
the genus Pseudomonas. Five strains were characterized as a source of metabolites with
antimicrobial activity: B. megaterium, P. fluorescens, P. aeruginosa, P. oleovorans P. putida,
later isolated metabolites were determined like bacteriocins. Researchers established that
natural Pseudomonas isolates are active producers of exoenzymes, which are capable to the
biodegradation process of simple and complex high-molecular compounds [1].

Extracellular hydrolytic enzymes participate in the mechanisms underlying fungal growth
inhibition.  Representatives of the Bacillus, Pseudomonas, Actinobacteria genus are
characterized with antifungal activity against phytopathogens [2, 10, 17]. Author Majidzadeh
et al. mentioned that Actinobacteria sp. strains isolated from soil are a source of antibacterial
compounds and many other important secondary metabolites against test organisms [10].
Researchers Jiménez-Reyesa et al. also have carried out a study on phytopathogenic fungi -
agents of plant diseases affected on plant during growth and storage period, moreover related
to fruits and vegetables quality.

For antifungal properties determination were applied agar block method using
phytopathogenic test-organisms Fusarium oxysporum CNMN-FF-06, Fusarium solani
CNMN-FF-07, Alternaria alternata CNMN-FF-09 , Botrytis cinerea CNMN-FF-10 belong to
the National Collection of Non-Pathogenic Microorganisms of the Institute of Microbiology
and Biotechnology. Enzyme inhibition activities were measured by determining the diameter
of the lysis zone. (Figure 1).

Figure 1. Antifungal activity of aquatic strains agains:
a) Alternaria alternata (strain 1 and 11); b) Fusarium solani (strains 42 and 57);
¢) Fusarium oxysporum (strain 32 and 33); d) Botrytis cinerea (strain 61 and 62)

Diameter of the lysis zone ranged from 6,0+1,96 mm to 36,7+1,73 mm. Strain No. 1

showed the highest activity 30,0+2,26 mm against the Alternaria alternata, strain No. 57 have
highest activity against the Botrytis cinerea 33,3£1,31 mm, strain No. 63 against the
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Fusarium solani 23,0+1,13 mm, and strain No. 57 against the Fusarium oxysporum 33,0+1,31
mm.

Authors Maslienko et al. obtained the same results at the screening of antagonistic
bacteria to the causative agent of soy fusarium and white rot of rapeseed [11, 12].

Fusarium solani and Fusarium oxysporum are agents caused vascular wilt diseases, rot
damaging (after that colonize the xylem) in more than 100 plant species (Michielse and Rep
2009) [13].

Alternaria alternata is a latent fungus that develops during the cold storage of fruits and
vegetables and caused black spots which become visible on the market period — losses for the
economy and agriculture [18].

Botrytis cinerea or gray mold is one of the most widespread and destructive fungal
diseases of horticultural crops therefore a lot studied plant pathogen which annual causes
losses of $10 billion to $100 billion, resistance to a broad range of plant protection
substances [22].

Different strains from water, bottom sediments and biofilms samples were selected for
screening in the final molecular identification. The results obtained indicate that most of the
Gram-positive bacteria are included in the Bacillus genus, specifically the 7 strain were
identified Bacillus velezensis (Bacillus amyloliquefaciens). These strains shared about 99.5 %
sequence similarity with regard to their 16S rRNA gene with Bacillus velezensis FZB42 and
more than 99.4 % relatedness value with Bacillus amyloliquefaciens MPA 1034. Also
identified Micrococcus yunnanensis (Micrococcus luteus) two strains shared on 99.7 % 16S
rRNA gene sequence similarity with Micrococcus luteus DSM 200030 and on 99.9 % it DNA
relatedness value with Micrococcus yunnanensis YIM 65004.

B. velezensis and M. yunnanensis isolated grow well in the nutrient agar medium. M.
yunnanensis showed yellowish colonies after incubation at 37°C for 24 hr. By Gram-staining,
both are Gram-positive, B. velezensis endo-spore forming, M. yunnanensis coccus non-spore
formers arranged in tetrads and in irregular tetrads clumps (Figure 2).
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b)
Figure 2. Morphological, cultural and tinctorial properties of Bacillus velezensis (a) and
Micrococcus yunnanensis (b)

Based on these data and the lack of phenotypic distinctive characteristics, researchers Li-
Ting Wang et al. and Fan et al. proposed Bacillus velezensis as a later heterotypic synonym of
Bacillus amyloliquefaciens [5, 9]. Scientist Huda isolated and characterized the cartenoid
pigment from Micrococcus luteus having antibacterial activity against five different bacterial
isolates and antifungal activity against six different fungal isolates by well diffusion metho d,
also having the ability to absorb UVA rays within the range of 300-500 nm [8].

Aerobic bacteria of the genus Bacillus have high antagonistic activity [20] and biological
preparations based on it have significant advantages such as safety to humans and animals,
resistance to adverse ecological factors, which makes it possible to use it effectively against
plant diseases caused by phytopathogens of various nature [7]. Devi S. et al. mentioned B.
velezensis FZB42 is the most researched commercially used Bacillus-based biofertilizer and
biocontrol agent in agriculture [4, 6].

Bacterial species Bacillus amyloliquefaciens, Bacillus siamensis, Bacillus velezensis and
Bacillus nakamurai formed the Bacillus amyloliquefaciens operational group (OGBa). The
representatives of OGBa are Gram-positive, endospore-forming, rod-shaped, widely
distributed in soil, plants, food, water, also they are plant growth-promoting bacteria (PGPB)
due to abilities to fix nitrogen, solubilize phosphate, produce siderophore and phytohormones
as antimicrobial compounds for pathogens, produce amylase, protease, lipase, cellulase,
xylanase, pectinase, aminotransferase, barnase, peroxidase enzymes and antimicrobial
compounds [5, 16]. In this regard, genome analysis increased focus on the biotechnological
applications of bacterial species belonging to the OGBa. For example, author Ngalimat et al.
made a review on the biotechnological applications of the Operational Group Bacillus
amyloliquefaciens, where highlighted Bacillus sp. for agriculture field [16].

4. Conclusions

A lot of studies showed the abilities of bacterial strains from natural source be important
industrially and commercially. Our study indicated that La lzvor lake is of interest as a source
of microorganisms like agents with promising biological control potential. The analysis of the
obtained results confirmed that selected strains can be used for elaboration of new safety
practices for the fungal phytopathogens control without using chemical compounds so prevent
future soils and waters contamination. Screened strains will supplement the National
Collection of Non-Pathogenic Microorganisms.
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