Journal of Central European Agriculture, 2016, 17(4), p.1134-1149 DOI: 10.5513/JCEA01/17.4.1822

Effect of fertilization on biological activity of
community of soil streptomycetes

Vplyv hnojenia na biologicku aktivitu pédneho
spolo€enstva streptomycét

lvana CHAROUSOVA*, Juraj MEDO, Eva HALENAROVA, Jana MAKOVA and Soria
JAVOREKOVA.

Department of Microbiology, Faculty of Biotechnology and Food Sciences, Slovak University of
Agriculture in Nitra, Trieda Andreja Hlinku 2, 949 76 Nitra, Slovakia, *correspondence:
ivanacharousova@gmail.com

Abstract

The search for new natural mechanisms to inhibit the growth of phytopathogenic
microorganisms has become widely widespread. Therefore, the main objective of the
present study was determination of antimicrobial activities of actinomycetes isolated
from agricultural soil, which was fertilized mainly by organic fertilizers, against 8
selected phytopathogenic strains. Among the actinomycetes, Streptomyces species
have been extensively studied, because they have been recognized as an important
source of secondary metabolites, which can suppress the growth of undesirable
pests in crops. The results indicated that the richest source of Streptomyces colonies
was soil fertilized with compost (103 x10* CFU*g™ dry soil). On the basis of
morphological signs, total of 65 isolates were selected and examined for
antimicrobial activities. Isolates exhibited the best activity against Gram negative
bacterium Clavibacter michiganensis subsp. sepedonicus, disease agent of “ring rot”
of potatoes and against fungus Fusarium poae, disease agent of Fusarium head
blight of wheat. Twelve isolates exhibited promising broad-spectrum activity against
tested organisms. On the basis of results, six of them were selected for further
screening. Comparison of polyphasic studies with available literature led to
identification of biological active strains S. olivochromogenes (13SC11), S. avermitilis
(13SC2), S. rishiriensis (13SC13), S. globisporus (13SC19), S. sampsonii (13SPC10)
and S. avidinii (13SPC4). After quantification analysis of various enzymes, tested
isolates produced alkaline phosphatase, leucinearylamidase, valinearylamidase, acid
phosphatase, naphtol-AS-Bl-phosphohydrolase, glucosidase in high values (>40
nmol) and were positive for nitrate reduction, hydrolysis of gelatin, urease, and
esculin. These isolates can be used in the development of new biopesticides anf
biofertilizers with antibacterial and antifungal effect.

Keywords: antimicrobial potential, fertilizers, phytopathogenic microorganisms, soil,
streptomycetes
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Abstrakt

Hladanie novych prirodzenych mechanizmov na potlacenie rastu fytopatogénnych
mikroorganizmov sa stalo velmi rozSirenym. Z tohto dévodu je hlavnym cielom tejto
Studie detekcia antimikrobialnej aktivity aktinomycét izolovanych z pofnohospodarsky
vyuzivanej pody hnojenej najma organickymi hnojivami, voci 8 vybranym
fytopatogénnym mikroorganizmom. Spomedzi aktinomycét, sme sa v tejto Studii
zamerali na streptomyceéty, pretoze patria medzi vyznamnych producentov
sekundarnych metabolitov, ktoré mézu potladit’ rast nezelanych Skodcov urody.
Vysledky ukazali, ze najbohatSim zdrojom kolonii streptomycét bola p6da hnojena
kompostom (103 x10* KTJ*g™* susiny). Na zaklade zistenych morfologickych znakov
sme na Studium antimikrobialnej aktivity vybrali 65 izolatov. |1zolaty vykazovali
najlepsi ucinok voci baktérii Clavibacter michiganensis subsp. sepedonicus, pévodcu
choroby “kruzkovatosti” zamiakov a vo€i hube Fusarium poae, pévodcu choroby
fuzariovej sneti pSenice. 12 izolatov vykazovalo Sirokospektralne ucinky voci
testovanym organizmom, 6 z nich bolo vybranych na dalSie analyzy. Porovnanie ich
polyfazickych znakov s dostupnou literaturou viedlo k identifikacii produk&nych
druhov S. olivochromogenes (13SC11), S. avermitilis (13SC2), S. rishiriensis
(13SC13), S. globisporus (13SC19), S. sampsonii (13SPC10) a S. avidinii (13SPC4).
Tieto izolaty sa vyznacCovali tiez vysokou produkciou alkalickej fosfatazy,
leucinarylamidazy, valinarylamidazy, kyslej fosfatazy, naftol-AS-BI-fosfohydrolazy a
glukozidazy (> 40 nmol) a boli pozitivne pri redukcii dusi¢nanov, hydrolyzy Zelatiny,
produkcii ureazy a eskulinu. VSetky tieto izolaty mézu byt pouzité pri vyvoji novych
biopesticidov a biohnojiv s antifungalnymi a antibakterialnymi uc¢inkami.

Kracové slova: antimikrobialny potencial, fytopatogénne mikroorganizmy, hnojiva,
pdda, streptomycéty

Introduction

Microorganisms are the main colonizers of the soils, bestowed with inherent
physiological and functional diversity and have found applications in many spheres
(Balagurunathan and Radhakrishnan, 2010). Composted materials have traditionally
been applied to agricultural soils as means of improving soil fertility and crop growth
and contribute to improve soil biological characterristics, also often providing an
effective control of soil-borne diseases (Vargas-Garcia et al., 2008). Among the
various industrially important microorganisms, actinomycetes, particularly
Streptomyces species, have received considerable attention as biocontrol agents,
because they are important producers of secondary metabolites (Sengupta et al.,
2015), notably enzymes (Chiani and Mazinani , 2010) and antibiotics (Strohl, 2004).
These metabolites are known to possess antibacterial, antifungal, antioxidant, anti-
algal, anti-helminthic and anti-malarial activities (Kekuda and Shobha, 2010;
Ravikumar et al., 2011). Streptomycetes, represent one of the biggest societies in
soil microflora (Hoskisson et al., 2012). Streptomycetes are Gram-positive, free living,
saprophytic, filamentous bacteria (Valli et al., 2012) well adapted to this environment
because of their high enzymatic activity (Hoskisson et al., 2012). Millions of strains
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have been isolated and screened over the decades in research and industrial
laboratories, but there are still many explorations needed to discover interesting
actinomycetes communities that might be important for agricultural area (Genilloud et
al., 2011), because phytopathogens pose serious problems worldwide and cause a
number of plants diseases, for example rusts, smuts, rots, and may cause severe
damage to crops (Bauman, 2007).

The present work reports the isolation of streptomycetes from soil, and compost-
amended soil, which was used for cultivation of medical plants, to perform
antimicrobial activity of the cultures and ethyl-acetate extracts against
phytopathogenic microorganisms and identification of the most active isolates using
polyphasis approach with quantification of their selected enzymes.

Materials and methods
Collection and characterization of isolation material

The potential active streptomycete strains were isolated from soil sample used for
cultivation of medical plants by ecological mode of farming, collected at village
Vychodna (geographical coordinates: latitude 49°04°N, longitude 19°54°E) and from
soil-amended compost, in autumn of 2013. Soil sample was collected aseptically
from a depth of 0.2 m from 6 randomly selected places using clean, dry and sterile
polythene bags and was immediately taken to the laboratory and dried at room
temperature. Samples used for isolation of streptomycetes were collected from
unfertilized soil (variant | and Ill) and from fertilized solil (variant Il and IV). On the
basis of pedologic characteristics, the soil was identified as sandy brown soil. After
fertilization and cultivation of plants, the samples were differing in amount of nitrates,
nitrites and microbial biomass carbon (Table 1).

JOURNAL

Central European Agriculture 1136
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1822

Charousova et al.: Effect Of Fertilization On Biological Activity Of Community Of Soil Streptomycetes

Table 1. Variants of experiment and agrochemical characteristic of isolation
substrates

Tabufka 1. Varianty pokusu a agrochemicka charakteristika izolacnych substratov

DM pH pH Chnic Cox Nwt N-NH4 N-NO3

No Variant
% H,O KCI mgkg? % % mg*kg® mg*kg™
I Soill 91,8 6,2 4,38 288,0 1,7 0,2 6,0 0,4
I Soil+compost 82,3 6,8 5,3 598,9 1,8 0,2 22,4 2,2
(70 t*ha™)
1] Soil+plants 935 6,3 4,6 229,5 1,7 01 12,4 1,3
IV Soil+plants+ 925 6,2 4,4 2312 163 0,1 4,2 0,1
compost (70
t*ha’t)

DM - dry matter, pH (H,O) - active pH, pH (KCI) - replaceable pH, Cmic-microbial biomass carbon,
Cox- content of organic carbon, Ntot- total nitrogen

DM — susina, pH (H,0O) — aktivne pH, pH (KCI) — vymenné pH, Cmic — uhlik mikrobiélnej biomasy, Cox
— obsah organického uhlika, Ntot — celkovy dusik

Isolation of actinomycetes

Streptomycetes were isolated using classical plate dilution method. One gram of
isolation substrates was suspended in 100 ml of distilled water and incubated in a
shaker (200 rpm for 1hr, room temperature). Mixtures were allowed to settle, and
then serial dilutions were prepared up to 10™. From each dilution, 0.1 ml was taken
and spread over the surface of Pochon medium (Korzeniewska et al., 2009)
complemented with nystatin (50ug.ml™) and incubated at 30°C for 7 days. After
incubation time plates were observed for the appearance of colonies look like
streptomycetes. Streptomycete isolates were purified by streak-plate method on
GYM medium (Vétrovsky et al., 2014) several times. Pure strains were maintained as
glycerol suspensions (30%, v/v) at - 20 °C.

Phytopathogenic strains

To assess the streptomycete potential antimicrobial activity, 4 phytopathogenic
bacteria [(Xanthomonas campestris (CCM 22); Pseudomonas syringae (CCM 2868);
Erwinia amylovora (CCM 1114); Clavibacter michiganensis subsp. sepedonicus
(CCM 7014)] obtained from Czech Collection of Microorganisms, Brno, Czech
Republic and 4 phytopathogenic fungi [(Fusarium poae (Kmi-12A18-ZM), Penicillium
expansum (Kmi-306-LR); Aspergillus niger (Kmi-0146-LR) and Alternaria tenuissima
(Kmi-16A6-ZM)] obtained from Collection of Microorganisms of Department of
Microbiology, Nitra, Slovakia. Bacteria were cultivated on yeast-glucose medium (B8)
(Sigma-Aldrich, USA), except for Clavibacter michiganensis subsp. sepedonicus,
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which were cultivated on tryptone-soya medium (Sigma-Aldrich, USA). Microscopic
fungi were cultivated on Sabouraud medium (Cazin et al., 1989).

Screening of Antimicrobial Activity

Primary screening of the streptomycete isolates was done by agar plug method. The
test organisms were inoculated (200 pl) over the surface of cultivating media. Agar
discs were prepared using a sterile cork borer from well grown streptomycetes
cultures and placed on fresh lawn cultures of the test microorganisms. Plates were
incubated at 25 °C for fungi and Clavibacter michiganensis subsp. sepedonicus (72
hr) and at 30 °C for bacteria (24 hr). The zones of inhibition were measured by
Haloes Caliper (IUL Instruments, USA).

Active isolates in primary screening were subjected to secondary screening. The
active isolates were inoculated to 5333 medium (Wink, 2014) supporting production
of secondary metabolites and incubated at 30 °C for 5-7 days. Antimicrobial
compounds were recovered from the filtrate by solvent extraction with ethyl acetate.
Ethyl acetate (Sigma Aldrich, USA) was added to the cultures in the ratio of 1:1 (v/v)
and centrifuged. The ethylacetate phase that contained secondary metabolites, was
transferred into a round bottom flask. At 40 °C the ethylacetate was evaporated in a
rotary evaporator (Stuart, UK). The dried precipitate was dissolved in 1 ml| of
ethylacetate: acetone:methanol in ratio of 1:1:1 (v/v) and used to determine the
antimicrobial activity. Secondary screening was done by well-diffusion method. 100 pl
of crude extract was placed into the wells in Petri dishes, prepared with cork borer,
that were previously seeded with different phytopathogenic microorganism. The
plates were incubated at the same conditions mentioned in primary screening.

The inhibitory effect was evaluated according to Gopinath et al. (2013). Strains were
divided into three groups, i.e., negative, group one, two and three. The negative
inhibition shows passive nature with |0 mm, group one shows 11-20 mm with slightly
active, group two shows 2|-33 mm with moderately active while group three shows 33
mm with highly active inhibition.

Polyphasis characterization

Only streptomycetes isolates that gave the best results in the antimicrobial screening
were characterized by morphological and physiological approach. Morphological
characteristic as color of aerial and substrate mycelium, morphology of spore chain,
production of melanin and other soluble pigments were recorded according to
International Streptomycetes Project (ISP) (Shirling and Gottlieb, 1966) on IPS2 -
ISP7 media. The colors were done with RAL-code. The spore bearing hyphae was
determined by direct examination using 7 days old cultures under light microscope
(OLYMPUS CX22LED, Japan) using 1000 x magnification.

Physiological characterization was done by utilization of 10 different carbon sources
(glucose, arabinose, inositol, cellulose, mannose, fructose, galactose, rhamnose,
sucrose, xylose) using a 12 well plates on ISP9 medium (Shirling and Gotllieb, 1966),
sodium chloride tolerance was evaluated on ISP9 medium supplemented with 2.5; 5;
7.5 and 10 % of sodium chloride using 6-well microtiter plates. Effect of pH (range 2-
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9) and temperature (4, 25, 28, 30, 34 and 45 °C) were observed on ISP2 medium.
The observed structures were compared with Compendium of Actinobacteria written
by Dr. Joachim Wink and with Bergey's Manual of Systematic bacteriology (Vos et
al., 2011), and the organisms were identified.

Detection of enzymatic activities using Api Zym® and Api Coryne® stripes

For quantification of various enzymes and fermentation tests were used two different
Api® systems — ApiCoryne® and Apizym®. After 7 days of incubation in shaking flasks
with 100 ml of GYM medium, cultures were inoculated followed by manufacturer’s
manual and stripes were incubated 24 hr at 30 °C. After incubation period was added
one drop of ZYM A and one drop of ZYM B reagents to each cupule of ApiZym®
stripes. To ApiCoryne® stripes was added one drop of NT1+NT2 reagents to the first
cupule, PYZ reagent to the second cupule and one drop of ZYM A and ZYM B to the
next six cupules. The rest of cupules were not filling with any reagents. The stripes
were evaluated according to manual criteria.

Statistical analysis

Difference among variants in numbers of CFU (colony forming units) was analyzed
using one factorial analysis of variance in STATGRAPHICS Centurion XV. The
number of CFU was transformed to In (x+1) prior analysis. All means were compared
by the Tukey test, with the level of significance set at 95%.

Results and discussion

Isolation and quantification of streptomycetes

This study was performed with an aim of isolating streptomycete strains from soil
used for cultivation of medical plants and detection of their antimicrobial activities
against phytopathogenic microorganisms. Most of the colonies that grew on Pochon
plates belonged to the genus Streptomyces, because colonies were slow growing,
aerobic, chalky, heaped, folded and with aerial and substrate mycelia of different
colors possessed by earthy odor. Streptomycete strains were isolated from all
variants (table 1). The colony forming units (CFU) were determined by counting the
colonies on the dilution plates. Total amount of streptomycete colonies was 317x10*
CFU*g™ (Figure 1).
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Figure 1. Effect of fertilization on the number of total streptomycete colonies
Obrazok 1. Vplyv hnojenia na pocet izolovanych kolénii streptomycét

These data show that population of streptomycetes colonies were not significantly
different in variants | and Il and in variants Il and IV (P<0.05). The streptomycete
numbers increased in soil treated with compost. It can be due to suitable conditions,
which compost offer to microorganisms, which account for most of the decomposition
that takes place in compost. Out of the total amount of streptomycete colonies, only
different look like isolates were tested for antimicrobial activity (Table 2).

Table 2. Total number of streptomycetes and selected cultures for further screening
Tabulka 2. Celkové pocty streptomycét a vybrané kultury pre dalSie testovanie

Variant NC (CFU) NMDC Labeling of selected strains
| 44 x10* 12 13S1-13S12
I 99 x10* 24 13SC1-13SC24
1l 66 x10* 10 13SP1- 13SP10
\Y; 103 x10* 19 13SPC1-13SPC19

NC-number of colonies, NMDC-number of morphological different colonies

NC — pocet koldnii, NMDC — pocet morfologicky rozli€nych kolonii
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Antimicrobial activity of streptomycetes

Both the primary and secondary screening were used to screen the streptomycetes
for antimicrobial activity and for selection of the best substrate for biological active
streptomycete strains. In the present study, 65 streptomycete strains were subjected
to preliminary antimicrobial assay by agar plug method. The primary screening was
used to select the antimicrobial isolates and determine the range of microorganisms
that were sensitive to their potential secondary metabolites. Out of all isolates, 38
strains (58.46%) showed antagonistic activity against phytopathogenic
microorganisms. The number of antibiotic-producing isolates varied with the variants.
The highest percentage of active isolates came from the variant IV (18 strains) and Il
(12 strains), while the lowest percentage came from variant | (3 strains) and Il (5
strains).

The active isolates exhibited different inhibitory patterns against the test organisms
and the bioactivity of the isolates was dissimilar between Gram positive and Gram
negative bacterial strains. The isolates showed higher inhibition zones against Gram
positive bacteria than Gram negative bacteria. The reason for different sensitivity
between gram positive and gram negative bacteria could be explain to the
morphological differences between these microorganisms (Shirling and
Gottlieb,1966). Similar results obtained also Gebreyohannes et al. 2013; Mohseni et
al., 2013 and Pandey et al., 2011 in their studies.

X. campestris and P. syringeae were inhibited by 14 strains. E. amylovora by 6
strains, Clavibacter michigenensis subsp. sepedonicus by all 38 strains. In case of
antifungal activity, 13 strains inhibited growth of F.poae, 11 isolates of P. expansum
and only 6 isolates A. niger and 4 isolates A. tenuissima. Several researches have
already reported that Streptomyces have biocontrol activity against phytopathogenic
microorganisms. This has been shown that the principle mechanism of this biological
activity involved the production of secondary metabolites (Murray, 2011).

From the primary screening, all active strains were selected based on their efficiency
for secondary screening. In general the antimicrobial activity of crude extracts was
fluctuated. This may be associated with disintegration of the crude extracts during
preparation and extraction process. Results showed different activity from that of
primary screening; some of the active isolates didn't show the activity in the
secondary screening while some showed little activity and some showed improved
activity. According to Bushell (1997), during the screening of the novel secondary
metabolites, streptomycetes isolates are often encountered which show antibiotic
activity on agar but not in liquid culture.

On the basis of results only 12 extracts exhibited similar or improved activity during
secondary screening (Table 3).
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Table 3. Antimicrobial activity of the most active streptomycetes against
phytopathogenic microorganisms

Tabufka 3. Antimikrobialna aktivity najaktivnejSich kmenov streptomycét voci
fytopatogénnym mikroorganizmom

Isolate  variant  X.c. Ps. Ea. Cm. Fp. Pe An ALt

13SC11 Il 14/24 12/0  0/0 24/22 22/16 17/11 12/0  0/0
13SC2 Il 11/11 18/17 0/0 28/26 14/14 11/0 0/0 0/0
13SC13 Il 12/23 11/11 12/14 31/30 16/16 0/0 11/11 12/11
13SC19 Il 11/24 12/11 14/15 40/35 12/12 16/14 20/18 12/12
13SC22 Il 15/13 16/11 0/0 14/14 0/0 0/0 14/14 12/0

13SPC1 v 12/11 12/15 12/12 18/17 14/13 0/0 0/0 0/0
13SPC7 v 0/0 11/11 11/11 12/0  0/0 0/0 15/23 0/0
13SPC10 v 16/16  0/0 0/0 31/31 12/12 20/20 19/18 0/0
13SPC4 A% 12/11 16/15 0/0 28/24 19/17 0/0 0/0 14/12
13SPC11 v 14/12 12/11 0/0 16/15 16/16 12/12 0/0 0/0
13SPC12 A% 14/14  0/0  14/0 16/20 0/0 14/14 0/0 0/0

13SPC17 \Y 12/12  0/0 16/12 40/38 0/0 18/12 0/0 0/0

X.c.- Xanthomonas campestris, P.s.- Pseudomonas syringeae, E.a.- Erwinia amylovora, C.m. -
Clavibacter michigenensis subsp. sepedonicus, F.p.- Fusatium poae, P.e.- Penicillium expansum, A.n.
- Aspergillus niger, A.t.- Alternaria tenuissima, primary screening / secondary screening

X.c.- Xanthomonas campestris, P.s.- Pseudomonas syringeae, E.a.- Erwinia amylovora, C.m. -
Clavibacter michigenensis subsp. sepedonicus, F.p.- Fusatium poae, P.e.- Penicillium expansum, A.n.
- Aspergillus niger, A.t.- Alternaria tenuissima, primarny skrining / sekundarny skrining

Out of all the 12 isolates, six the best antagonistic streptomycetes isolates, which
showed the highest inhibition zones against tested microorganisms (13SC11, 13SC2,
13SC13, 13SC19, 13SPC10, 13SPC4) were selected for further studies. Capability
of compost microorganisms to suppress soil-borne plant pathogens has become an
interesting subject as a strategy for reducing the adverse effects of massive
fungicides’ applications. Several mechanisms have been proposed to explain plant
disease control by compost such as competition, activation of disease-resistance
genes, or antibiotic production by beneficial microorganisms (Hoitink and Boehm,
1999).
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Characterization of the most active isolates

Six selective media were used to observe the distinct colony morphology of the
isolates. Morphology was observed by light microscope, indicating variation among
the isolates. Results of morphological characteristics revealed that the growth of the
isolates was good in majority of the used media. The aerial mycelium, substrate
mycelium growth and pigmentation showed distinct variation based on the culture
media in which the isolates were grown. The detailed results of the cultural,
morphological and physiological tests have been summarized in Table 4 and Table 5.

Table 4. Morphological characterization of the selected biologically active strains of
streptomycetes

Tabulka 4. Morfologicka charakteristika vybranych biologicky aktivnych kmenov
streptomycét

Characteristics

Isolates
Aerial mycelium Substrate Soluble pigments
mycelium
13SC11 none ISP2-7 beige none
13SC2 ISP2-5,7 grey; ISP6 ISP2-7 brown ISP2,5,7 ochre brown
none
13SC13 ISP2-4 grey; ISP5-7 ISP2 brown; ISP3- ISP2,5,6 brown
white 5 yellow; ISP4,6,7
beige
13SC19 ISP2-7 cream ISP2-4 beige; none
ISP5-7 yellow
13SPC10 ISP2-7 white ISP2-7 yellow none
13SPC4 ISP2-7 gray ISP2,3,6 brown; ISP6 brown

ISP3-5 yellow

Microscopically, it was observed that the morphology of the spore chain varied
depending on the species, where the majority spore chains were Rectus flexibilis. It
was also observed that some of the strains produced melanoid pigment.
Confirmatory identification to species was based on degradation of carbohydrates
where all Streptomyces strains have variable degradation ability of carbohydrates
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Table 5. Physiological characteristic of the biologically active strains of
streptomycetes

Tabulka 5. Fyziologicka charakteristika produkénych kmenov streptomycét

Observed Isolates

parametres
13SC11 13SC2 13SC13 13SC19 13SPC10 13SPC4

Spore chain RF SP RF RF RF RF
Melanin none ISP6-7 ISP7 none ISP7 ISP6

Utilization of carbon sources:

Glucose + + + + + +
Arabinose + + + - + -
Sucrose + - + + - -
Xylose - - + - - -
Inositol + - + - - -
Mannose + + + + + -
Fructose + + + + + -
Rhamnose + + + - - -
Raffinose - + - - - -
Celulose - - - + - -

NaCl 2.5 5 2,5 2,5 7,5 2,5

tolerance

Temperature 28 28 28 28 30 28

pH 7 7 6 7 7 7

RF — Rectus flexibilis, SP — Spira, + positive growth, - negative growth, (+) — positive growth, (-) —
negative growth

RF — Rectus flexibilis, SP — Spira, + pozitivny rast, - negativny rast

Morphological examination of these 6 isolates clearly indicated that they belong to
the Streptomyces genera and Streptomycetaceae family (spore chain with branching
mycelium). Further comparison of morphological and physiological characteristics of
strains with reference to the Bergey’'s Manual of Systematic Bacteriology and with
Compendium of Actinobacteria from Dr. J. Wink showed the closest streptomycete
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strains. Strain 13SC11 was the most similar to Streptomyces albidoflavus (database
number: FH1932), strain 13SC2 to Streptomyces avermitilis (database number:
FH1532), 13SC13 to Streptomyces rishiriensis (database numer: FH1704), 13SC19
to Streptomyces globisporus (database numer: FH8103), 13SPC10 to Streptomyces
sampsonii (database number: FH 2213) and strain 13SPC4 to Streptomyces avidinii
(database numer: FH 2494).

In recent years enzymes gained considerable attention in industrial process. Also
from terrestrial soil samples various enzymes have been reported by various workers
(Sharma et al. 2005). Using Apizym® and ApiCoryne® stripes is providing the
advantage of easy and fast determination between two isolates showing significant
appearance by means of the differences in their enzyme profiles (Vitézova, 2013). A
huge enzymatic variability was discovered within the range of isolated
streptomycetes (Table 6). It was found that each tested strain was possessing
alkaline phosphatase, leucinearylamidase, valinearylamidase, acid phosphatase and
glucosidase activity in high amounts (>40 nmol). Contrary, the least occurring
enzyme was lipase, galactosidase, glucuronidase and fucosidase. Similar results
obtained Jiang et al. (2013), who found out, that the tested isolates showed alkaline
phosphatase, acid phosphatase, leucinearylamidase, naphtol-AS-Bl-phosphatase, [3-
glucosidase and a-glucosides activity and none strains showed -glucuronidase
activity.
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Table 6. Enzymatic potential of selected streptomycetes using Api Zym® stripes

Tabulka 6. Enzymaticky potencial vybranych streptomycét pouzitim Api Zym®

pruzkov
Isolates
No.
13SC11 13SC2 13SC13 13SC19 13SPC10 13SPC4

2 + (5) +(5) +(5) +(5) + (5) + (5)
3 +(3) @ @ +(3) +(4) " @)
4 @ +(3) @ +(3) +(3) +(3)
5 -(0) @ -(0) +(4) CINEY) -(0)
6 + (5) + (5) + (5) + (5) + (5) +(5)
7 + (5) + (4) + (5) + (4) +(3) +(5)
8 +(3) @) +(3) +(4) @) +(4)
9 +(5) +(3) @) +(5) @) +(4)
10 CINEY) +(5) -(0) +(5) )@ +(5)
11 + (5) +(5) +(5) +(5) + (5) + (5)
12 + (5) +(5) +(5) +(5) + (5) + (5)
13 -(0) -(0) -(0) -(0) -(0) +(3)
14 @) @) +(5) )2 -(0) +(3)
15 -(0) -(0) -(0) -(0) -(0) -(0)
16 +(3) + (4) + (5) + (5) +(4) +(5)
17 + (5) + (4) + (5) + (5) +(4) +(4)
18 +(5) -(0) -(0) -(0) +(5) (@)
19 +(5) -(0) -(0) +) (2 -(0) @)
20 @) -(0) -(0) @) -(0) -(0)

2 — alkaline phosphatase, 3 — esterase (C4), 4 — esterase lipase (C8), 5 — lipase (C14), 6 — leucinearylamidase, 7
— valinearylamidase, 8 — cystinearylamidase, 9 — trypsin, 10 — chymotrypsin, 11 — acid phosphatase, 12 — Naphtol

— AS-Bl-phosphohydrolase, 13, 14 — galactosidase, 15 — glucuronidase, 16, 17 — glucosidase, 18 — N-acetyl-

glucoseamidase, 19 — mannosidase, 20 — fucosidase, + good, (+) — moderate, - no activity, 5 - >40 nmol, 4 — 20

nmol, 3 — 10 nmol, 2- 5 nmol, 1 — 2,5 nmol, 0 — no activity

2 — alkalicka fosfataza, 3 — esteraza (C4), 4 — esteraza-lipaza (C8), 5 — lipaza (C14), 6 — leucinarylamidaza, 7 —
valinarylamidaza, 8 — cystinarylamidaza, 9 — trypsin, 10 — chymotrypsin, 11 — kysla fosfataza, 12 — naftol-AS-BI-
fosfohydrolaza, 13, 14 — galaktozidaza, 15 — glukuronidaza, 16, 17 — glukozidaza, 18 — N-acetyl-glukozamidaza,

19 — manozidaza, 20 — fukozidaza, + dobra, (+) stredna, - Ziadna aktivita
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In case of Api Coryne® stripes, positive reaction were confirmed in case of nitrate
reduction (strains 13SC2, 13SC19, 13SC10), pyrrolidonylarylamidase (13SC19), a-
glucosidase (13SC2, 13SPC10, 13SPC4), B-galactosidase (13SC2, 13SC19) and all
strains were positive for production of alkaline phosphatase, urease, esculin and
hydrolysis of gelatine. A number of research workers in earlier investigation have
also reported that streptomycete from soil possess high number of enzymatically
active actinomycetes. Results indicate that actinomycetes possess the potential to
secrete broad range enzymes, which maybe the results from natural selection of the
microorganisms in order to survive in a competing environment.

Conclusions

The search for interesting metabolites especially from streptomycetes requires
screening of large number of isolates. The present study reported the antimicrobial
activities exhibited by different isolates of streptomycetes isolated from soil amended
with plants and compost. This research is based on the hypothesis that
streptomycete diversity may be influenced by the diversity of plants species and with
addition of compost. However, adaptation has in turn leaded the streptomycetes to
produce their own secondary metabolites. Out of many isolates, six of them showed
interesting antimicrobial activity against used microorganisms. Therefore, these
isolates can be further studied for its applications in producing important agricultural
compounds and also as a biocontrol agent against plant pathogenic microorganisms.
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